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Figrire 6.--S.m.r. spectrum (60 1Ic.) of 2-chloro-i-methoxyphenothiazine in perdeuteriodimethyl sulfoxide. Field increases from 
left to right. Chemical shifts are in C.P.S. downfield from an internal tetramethylsilane reference. 
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tive. As this compound (guanoclor4) displayed both 
dopaiiiine p-oxidase inhibitory and antihypertensive 
proper tie^,^ it was of interest to synthesize the isonier 

The reaction of nionosubstituted hydrazines with S- 
inethylisothiourea sulfate (I) has been claimed2 to yield 
substituted aiiiinoguanidines of type 11. We have 
found that 2-(2,6-disubstituted phenoxy) ethylhydra- 
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zines react with I to give, as the niain product, aniino- 
guanidines of type 111. 

React ion of 2- (2,6-dichlorophenoxy) et hylhydrazine 
with I yielded a compound which was assigned structure 
IVa,3 011 the basis of its failure to give a benzal deriva- 

(1) Presented in par t  before the Division of Medicinal Chemistry, 9th 
National Nedicinal Chemistry Symposium of the .imerican Chemical So- 
ciety, hlinneapolis, Minn., June  21-24, 1964. 

(2) (a) J. E. Robertson. J. H. Riel, and F. DiPierro, J .  X e d .  Chem., 6, 
381 (1963); (hj E. G. Podrebarac, \T, H. Nyberg, F. A. French, and C .  
C. Cheng, ib id . ,  6, 283 (1963); ( c )  J .  H. Short, E. Riermacher, D .  A. Dunni- 
gan,  and T. D. Leth,  ibid., 6, 275 (1963); (d) C. Cipens and V. Grinsteins, 
Z h .  Obshch. Rhim..  32, 3811 (1962); ( e )  .I. I<. Greer and G. R .  L. Smith, 
J .  Am. Chem. Sac., 72, 814 (1950). 
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V and examine its biological properties. Comparison 
of this compound with IVa and the analog IVb, the 
latter t'wo synt'hesized by equivocal guanylation of the 
appropriate hydrazine, confirmed the assignment of the 
structure IV on the following grounds. 

(i) Derivatives.-In cont'rast' to V, which readily gave 
a benzal derivative, IVa was recovered unchanged after 
prolonged treat'nient. with benzaldehyde. 

(ii) Degradation.-Treat'nient of IVb with Raney 
nickel gave 2-(2,6-diiiiethylphenoxy)ethylaiiiine and 
guanidine sulfate. Similar treatment of IVa and V did 
not yield pure product's due to partial loss of chlorine. 
However, in the former case, some guanidine sulfate 
was isolated, and in the latt'er aniiiionia was detected. 

(3) Pfizer Ltd.. Belgian Patent  629,613 (Oct. 2, 1963): Chem. Abstr., 
60, 14431 (1964). During the preparation of guanoclor on a multi-kilogram 
scale, i t  was apparent from infrared spectroscopy tha t  later fractions did 
contain traces of the isomer V, and a small quant i ty  of the isomer was iso- 
lated b y  repeated fractional crystallization. 

(4) Brit. M e d .  J . ,  1, 621 (1961); marketed in Great Britain as I'atensol@. 
(5) J. Augstein and S. 11. Green, .Vatwe, 201, 628 (1964); T. D. V. 

Laarie ,  .4. R.  Lorimer, S. G. ?iIc.ilpine, and H. Reinert, Brit. Med. J . ,  
1, 402 (1964). 
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( i i i )  Spectroscopy. -The 11.iii.r. spectra of IVa aiid j7 
were obtained in trifluoroacetic acid and 90y6 sulfuric 
acid, conditions ivhich might be expected io  1110110- atid 
diprotonate, respectively, the aniiiioguaiiiditie g r o ~ p . ~  
The (+hemica1 shift of the methylene protons adjawtit 
l o  the basic group in structures of type 111 \rould he cs- 
pectcd to iiiove downfield 011 changing froiii I he 1110110- 

to the diprotoiiated state, as initially the positive c,harge 
will be coiifiiied iiiainly to  the guaiiidiiic group, while oil 
furthcr protonation. a forinal positive charge will 1 1 0 ~  

be 011 the adjacwit nitrogen. 111 ai1 i>oiiier of type TI. 
the addition of a second foriiial charge will iiia1;c rela- 
tively little difference to  the deshieldiiig oi the a - i i i ~ t  h- 
yleiio group. as eveii it1 the iiiorioprotoiiated stale this 
iiicthylene group is adjarelit t o  an at 0111 (wrying a par- 
tial positive charge. 

This prediction is borne out by the results iii Table I, 
i l l  jvhicah the a-protons of IYa, i i i  contrast to those in I-, 
experience a considerable change in caheniical shift on 
incrcwiig the acidity of the iiiediuni. 

FraBI.E; I 
CkiE>lI('.kl. $HIFT:, ( 7 )  O F  3IETHYLESE PROTOSS (hrOCH2CHzS-i' 

IS Two SOLVEXTS 
r___-.- C1?3c02H-.- ...~ ,_ H?SOa---- 

Compd. a B a 8 

I\-& 6 ,  32h 5.5Sb ca. s . 8 ~  ea. 5 . 3  

a 01 and 6 refer to relat,ive position to the nitrogen atom. 
* Triplet, J = 5 C.P.S. Overlapping complex multiplets. 
d Broad singlet. 

1- cu. 5 6 c  cu .  5 . i c  ea. 5 . 5 d  

(ir) Synthesis.-The K-benzyl-2-(2,6-diiiiethylphe- 
noxy)ethylamine intermediate T'I was nitrosated and 
reduced with lithium aluminuni hydride to give the hy- 
drazine VII. This was treated Tvith l-ainidino-3,5-di- 

HXOL 

L14lII4 
ArOc CH?):NHCH:CDH~ ___f ArO( CH?):XCH:CeH, 

\ I  \ I1 

inethylpyrazole sulfate and catalytically hydrogenated 
to IYb, identical with the material obtained directly 
from the reaction of I with 2-(2,G-din~eth~~lp2ienoxy)- 
ethylhydrazine. Application of the reductive alkyla- 
tion procedure of l'innegan, et al.,' to 2,6-dimethyl- 
pheiioxyacetaldehyde aiid aiiiirioguaiiiditie failed to 
yield a pure product. 

The isoiiier V was synthesized by the following uii- 
equivocal method, albeit iii poor yield. 2-(2,6-Di- 
ch1orophenoxy)ethylliydraziiir was treated with cyano- 
gen bromide in aqueous ethaiiol to give a inisture of the 
cyanohydrazines VI11 aiid IX. The alkali-soluble 
derivative YII I  was reiiioved froiii the reaction mix- 
ture by extraction with dilute sodium hydroxide, and 
the remaining IX was treated with aninioriia and ani- 
iiioniuiii sulfate to give T'. This compound was dis- 
tinct froiii IVa in its infrared spectroscopic and chro- 
inatographic characteristics. 

AiO(CH2)2NHNHCS XrO(CH2)2N(h":)CN 

I 
XH? 

TI11 IS 

(6) J .  J.  Pitha,  H. IIughes, and  G. €3. L. Sniitb, J .  A m .  Chem. Soc. ,  70, 

(7) W. G. Finnegan, R. A.  Henry, and  G. B. L. Sniitli, ibid., 74, 2981 
2823 (1948). 

(1952). 

r . 1  
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inactive. Chi the  other Iiaiid. S was ecjuiactii-e i v i t l i  
isonier IVa as at1 illhibitor of dopaiiiine 8-osiclasc I'i( 

L Y I ~ ,  while isoilier V posses~ed only slight avtivity. :IS 
can he seeii from Table 11. 

Experimentalg 

2-1 2,6-Dichlorophenoxy jethylhydra~ine.~-%( 2, 6-Uichluru- 
phenoxy)ethyl bromidelo (20 g., 0.074 mole) in ethanol (75 nil.) 
was added slowly to  hydrazine hydrate (37 g., fl.74 mole) in 
ethanol ( 2 5  ml.), and the mixture vas  heated under reflux for 16 
hr. The solvent and excess hydrazine were reriiuved under 
reduced pressure, and the residue was treated with 50"; aqueous 
SaOH. The product, obtained in S u r ;  yield by extraction with 
chloroform and distillation [b.p. 1:32-140° (1 mm.), n ? 4 ~ )  I ,50631, 
was somewhat unst:hle hut could be stored in the f o m i  of:the 
hydrochloride, r1i.p. 110-11 1" ifroni methanol-ether). 

Anal .  Calcd. for CsHL1C1&:O: C, 37.31; H, 4.30; S ,  lO.\i. 
Foiind: C, 37.44; H, 4.03: S,  11.00. 
2-(2,6-Dimethylphenoxy)ethylhydrazine3 was prep:ireti i l l  : t i1 

identical riiaiiiier froin 2-(2,6-dinieth~lpheiiox~-)eth~-l h ro ln i t l~~"  
in 61-80';; yield. 

S-~leth!-lisothiour~~ sulfate f 11 
tiichlorophenux y jet Iiqlhydra x iiie 

I t  had h.p. 112---120° (0.7 111111.4 11% 1 
2-( 2,6-Dichlorophenoxy)ethylaminoguanidine Sulfate (1V 

., 0.052 mcile! : i i i t l  2-1 ? , t i -  
g., 0.104 i i i o l c I  i i i  i r : ( t ~ i '  

r 4 hr. Tlie produ(,l i 14..i 
cw)led reartion niisl \ lw3 :in(l: 

1675 and 1630 C I I I . - ~ .  

17.95; S> 3.12. Folintl: C, 34.60: H,  4.20: S, 1 7 . G ;  li. 4 
2-(2,6-Dimethylphenoxy)ethylaminoguanidine Sulfate I IV 

~ -111 the same maiiner> 2-(L',(i-tlinieth!.lpheniJx!.)etl~ylh!.tl~:i/.ilic~ 
\vas treated with ~ - 1 r i ~ ~ t h ~ l i s i i t 1 i i c i r i ~ t ~ : i  sulfate t i 1  ~ i v ~  I \ ~ J ,  1 i i . 1 1 .  

214-216" (from itqiieoiis erh:tiiol), u,,,.,, 16SO aiiti 1645 c'iii. . - I .  

S, 5.91. Found: C, 4S.63; H, 7.18; 3, 20.94; 
N-Benzyl-N-nitroso-2-(2,6-dimethylphenoxy)ethylamine. -S- 

Renayl-2-(2,6-dirnethylphenoxj-)ethylamine (VI) (94 g.. 0.:3jS 
mole) [b.p. 140" (0.6 mm.), n z 5 D  1.5618, prepared by heatiiip 2- 
(2,6-dimethylphenosy)ethyl bromide1] and excess benzylamine at 
160" for 3 hr.] was added to 1 S HC1 (369 ml.) with vigorol!s 
stirring. I3enzene ( S O  ml.) wa* added, and the resilting w-pen- 

 AM^, C:~l(d. for ( ' l~Hl~CI~N,ObS:  C, i34.62: 11. 4.2!): 

.1 ,~~1.  C:llcd. for C,2H,3,S80ti$: <'. 4S.67: H. 7 

( 8 )  This conipoiinci is related t u  those disclosed by  Slilirli. liline and 
French Laboratories. Inc . ,  U. 8. Patent  3,131,218 (April 28, 1964). 

(9) Melting points were taken on a liofler ho t  stage and  are correeteil. 
Infrared spectra xe re  run on a Perkin-Elmer Infracord 137 instriiinent, 
solids as  S u j o l  ~nul l s .  liquids as i l i in  films. Xuclear magnetic resimauw 
spectra nere run on a Perkin-Elmer 40.11~. instrument. 

(101 llurrouglis Kellcorne & Cu., IT. 8. Parent  3,099,399 (,July .ill. 1!16:i ; 
C ' h e m .  Abdtr. ,  60, 2824 (1964). 
il 1 )  P. Hey and 0. I.. Jviley Brit. J .  / 'harniocol . ,  9, 471 (1!154). 
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sion was kept below 10" and treated with S a x 0 2  (25.4 g., 0.368 
mole, in 100 ml. of water). The mixture was allowed to warm 
to room temperature and stirred for a further 2 hr. It was fil- 
tered, and the organic layer of the filtrate was dried and evap- 
orated to leave the crude nitrosamine. The solid filtered off 
was the hydrochloride of the starting material, which was re- 
cycled as above. The nitrosamine (total yield 85.4 g., 8170) 
had b.p. 172-174" (0.4 mm.), ~ * O D  1.5618. The structure was 
confirmed by the strong absorption at  1480-1460 cm.-l and lack 
of S-H absorption in the infrared spectrum. 

N-Benzyl-N-2-(2,6-dimethylphenoxy)ethylhydrazine (VII).- 
The above nitrosamine (37 g., 0.13 mole) was reduced in the 
normal manner with LiAlH4 (6.84 g., 0.18 mole) in ether. After 
decomposition of the react'ion complex, the product was isolated 
by extraction from the organic phase with dilute HC1, and 
subsequent basification. Distillation yielded 18.3 g. (52%) of the 
hydrazine, b.p. 146-149' (0.2 mm.), rile, 1.5584. 

Anal. Calcd. for C17H22NPO: K, 10.36. Found: S, 10.13. 
N-Benzyl-N-guanidino-2-( 2,6-dimethylphenoxy)ethylamine 

Sulfate.-The above hydrazine (10.8 g., 0.04 mole) and l-ami- 
dino-3,5-dimethylpyrazole sulfate12 (7.48 g., 0.04 mole) were 
heated under reflux in aqueous ethanol for 5 hr. The solvent 
was evaporated and the residue, after being washed with ether, 
was crystallized from methanol-ether to give 6.8 g. (477,) of 
product, n1.p. 100-102". 

Anal. Calcd. for C~~H~O?;&S: C, 59.84; H, 6.95; N ,  15.52. 
Found: C, 59.66; H, 7.00: X, 14.98. 

2-(2,6-Dimethylphenoxy)ethylaminoguanidine Sulfate (1Vb). 
-The above Y-benzylaminoguanidine (3.0 g.) was hydrogenated 
with palladium-charcoal catalyst in acetic acid (100 ml.) at room 
temperature and pressure. After filtration of the catalyst and 
evaporation of the solvent, the residue was recrystallized from 
water to give theproduct (0.9 g., I O % ) ,  m.p. 213", undepressedon 
admixture with the product from the reaction of 2-(2,6-diniethy1- 
phen0xy)ethylhydrazine and S-niet,hylisothiourea sulfate. The 
infrared spectra and chromatographic characteristics of the two 
products were identical. 

N- [ 2 4  2,6-Dichlorophenoxy)ethyl] -N-cyanohydrazine (IX).- 
2-( 2,6-Ilichlorophenoxy jethylbydrazine (20.5 g., 0.093 mole) 
was added dropwise over 30 min. to a stirred solution of cyanogen 
bromide (9.8 g., 0.093 mole) in ethanol (60 ml.) and water (200 
nil,). The mixture was stirred a t  room temperature for 1.5 hr. 
and t,hen extracted with ether. The ethereal extract was washed 
with aqueous 5 .V NaOH and with water and, after drying, was 
evaporated to leave an oil (14.5 g., 63%), vmax 2220 cm.-'; o- 
nitrobenzal derivative, n1.p. 116.5-117' (from methanol). 

Anal. Calcd. for C16H&laN403: C, 50.69; H, 3.19; c1, 
18.70; N, 10.78. Found: C, 50.59; H,  3.06; C1, 18.91; N, 
10.47. 

1-Amino-1- [2-(2,6-dichlorophenoxy)ethyl] guanidine (V).- 
The cyanohydrazine IX (4.92 g., 0.02 mole) and ammonium 
sulfate (2.64 g., 0.02 mole) were heated under reflux in aqueous 
ammonia (10 S, 50 ml.) and 2-propanol (25 ml.) for 3 hr. The 
mixture was allowed to cool, and the upper layer was decanted 
from the oil which had been deposited. The decanted liquor 
was evaporated to dryness, and the product was obtained from 
this residue by extraction with hot methanol. Recrystallization 
from methanol gave the pure product: m.p. 215'; m.m.p. 
195-205' with IVa; vmsX 1680, 1670, and 1645 cm.-l. 

Anal. Calcd. for C18H&14Y806S: C, 34.62; H, 4.20; N, 
17.95. Found: C, 34.44; H, 4.35; N, 17.98. 

Benzal derivative had m.p. 189-190" (from ethanol-water). 
Anal. Calcd. for C ~ ~ H ~ ~ C ~ ~ N S O ~ S :  C, 48.00; H, 4.28; C1, 

17.71; N, 14.01. Found: C, 47.71; H, 4.39; C1, 17.51; N, 
14.28. 

Degradative Experiments.-2-(2,6-Dimethylphenoxy)ethyl- 
aminoguanidine ( I n ,  3.0 g.) and Raney nickel (15 g.) in methanol 
(100 ml.) were heated under reflux for 6 hr. The nickel was fil- 
tered off, and the filtrate was evaporated to dryness. The resi- 
due was extracted with ether to leave a solid (0.8 g.), m.p. 285- 
290" (undepressed on admixture with guanidine sulfate), the 
infrared spectrum of which was identical with that of guanidine 
sulfate. The ethereal extract was evaporated to leave an oil, 
the infrared spectrum of which was virtually identical with that 
of 2-(2,6-dimethylpheno~y)ethylamine.~a 

(12) J. Augstein, S. hI. Green, A .  lf. hfonro, G. W. H. Potter,  C. R. 

(13) D. I. Barron, P. AI.  G. Bavin, G. J. Durant ,  I. L. Natoff. R. G. 1%'. 
Worthing, and T. I. Wrigley, J .  Med.  Chem., t o  be published. 

Spickett. and D. R. Vallance, ihid.. 6,  705 (1963) .  

The dichloro analog IVa, when treated in the same manner with 
Raney nickel, gave 377, guanidine sulfate (mixture melting point 
and infrared spectrum), and an oil from which no pure product 
could be isolated. Analytical figures indicated partial loss of 
chlorine (Anal. Calcd. for CsH&lZ?iO: C1, 34.41. Found: 
C1, 21.73.). 

1-Amino-3- [2-( 2,6-dichlorophenoxy)ethyl] guanidine Hydrio- 
dide (X).-2-(2,6-Dichlorophenoxy)ethylamine10 (4.0 g., 0.0195 
mole) and S-methylisothiosemicarbazide hydriodide (4.54 g., 
0.0195 mole) were heated under reflux in methanol ( 2 5  ml.) for 
6 hr. The solution was concentrated, and water was added until 
crystallization occurred. The product (3.5 g., 46%) had m.p. 
170'. 

Anal. Calcd. for C9H13ClJS40: C, 27.65; H, 3.35; N, 
14.33. Found: C, 27.94; H, 3.27; S, 14.06. 
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Indole-3-carboxaldehyde, pyridine-3-carboxaldehyde, 
thiophene-3-carboxaldehyde, and S-niethyl-l,2,3,4-tet- 
rahydroquinoline-6-carboxaldehyde were used instead 
of p-dimethylaminobenzaldehyde to prepare a series of 
quinoline and isoquinoline derivatives for use in the 
study of relation of structure to antitumor activity. 
Data on preparation and properties of the products are 
shown in Table I. 

It has been suspected that biological activity of stil- 
benes2 and styrylq~inolines~ depends on resonance in- 
volving the ethylene double bond, and therefore could 
be correlat'ed with an ultraviolet absorption maximum 
at 380-420 inp in methanol solution, but it will be noted 
that several of the ethylene compounds which do not 
have an absorption peak in this range have EDb0 as 
low as 3-6 -y/ml. Results obtained with these coin- 
pounds encouraged the preparation and test'ing of com- 
pounds containing two or more indole groups without 
any quinoline ring. Most of these compounds, shown 
in Table 11, had been prepared by others but apparently 
not tested against tunior cells in uityo. I t  is apparent 
that the compounds in which the two ring systems are 
joined through a double bond were much more active 
in inhibit'ing tumor cell growth in vitro than were those 
which did not have such a bond. Compound 3 may be 
an exception to this rule, but Kiang and AIann4 have 
suggested that the double bond in this compound may 
be between the t'wo exocyclic carbon atoms. 

(1) This work Ras supported by U.  9.  Public Health Servire Research 
Grants CA-03717-05-06 and -07 from the National Cancer Insti tute.  

(2)  A .  Haddow, R. J. C. Harris, G. A .  R. Kon, and E. lf. F. Roe, Phil. 
Trans. Roy. Soc. London, A241, 147 (1948) .  

(3) C. T. Bahner, Bcta Cnio Intern. Contra Cancrum, 20, 253 (1964);  
C. T. Bahner, I,. hl.  Rives, and C. Breder, J .  Med. Chem., 7 ,  818 (1964);  
&I. Harnana and H. Noda. Yakugaku Zasshi, 83, 342 (1963) .  

(4) .I, K. Kiang and F. G. AIann, J .  Chem. Soc., 594 (1953) .  


