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A series of 28 derivatives of ni-phenoxypropoxybenzamidine (2) with substituents on the phenoxy moiety were 
synthesized, then evaluated as inhibitors of the guinea pig complement-sheep red blood cell-antibody system. 
Small substituents such as CI, NO*, OCH3, NH2, AcNH, or COOCH3 give at best only fourfold more effective 
inhibition. Larger substituents such as substituted benzainido or substituted phenvlureido gave 6-30-fold 
better inhibition. The best inhibitor of the series was /»-[»i-()o-nitrophenylureido)pheiioxypropoxy]beiizamidine 
(29) which at 62 p.M showed 95c7 inhibition of guinea pig complement and 6()'"( inhibition at 16 n.l/. Thus 
29 was 30-fold more effective than 2 and about 400-fold more effective than benzamidine. 

Inhibition of the serum complement .system3 could 
have a number of medicinal use.s.4 Such inhibition of 
complement is readily assayed by the sheep red blood 
cell-hemolysin-serum method.'1'6 Among the better 
inhibitors found in this laboratory is the "tryptic-
type" inhibitor, m-phenoxypropoxybenzamidine (1, 
R = H).-'5 A study has now been made to determine 

rQ]0(CH,:io<^> 

C = N H 

NH, 

1 

if substitution on the phenxoy moiety of 1 could en­
hance activity; this was indeed the case and the results 
are the subject of this paper. 

Inhibition Results.—The inhibition of complement''1'1' 
by a compound is determined by comparison with a 
control lysis of sheep red blood cells (RBC) by comple­
ment and hemolysin (Table I). In some cases (see 11) 
the compound could cause lysis of RBC in the absence 
of complement, which is recorded as a percentage of the 
total lysis (0.7 OD) possible. 

The base-line compound with which this study was 
started was »)-phenoxypropyloxy benzamidine (2), 
which is about tenfold more effective on a concentra­
tion basis than the parent benzamidine.2'5 The effect 
of small substituents on the phenoxy moiety was 
studied first to determine if there were any electronic 
effects on inhibition by the phenoxy moiety. 

In the para series, substitution of a p-nitro (3) or p-
amino (5) group gave no change in inhibition, indicating 
that there were no electronic effects on the binding of 
the phenoxy moiety. Binding was enhanced twofold 
with a p-OCH;i (6) or p-acetamido substituent (7). A 

(1) Th is work was ijenerously s u p p o r t e d by G r a n t CA-08695 from the 
N a t i o n a l C a n c e r I n s t i t u t e . U. S. Publ ic Hea l th Service. 

(2) F o r the p rev ious pape r of this series see B. R. B a k e r and M . Cory . 
./. Med. Chem.. 12, 1049 (1969). 

(3) (a) H. J. Mt l l l e r -Ebe rha rd . Ailrun. Immunol., 8, 1 (1968); (b) P . H. 
Schu r a n d K . F . A u s t e n , Ann. Rei: Med.. 19, 1 (1968). 

(4) B. R. Bake r anil E . H. Er ickson , ,/. Med. Che,,,.. 10, 1121! (1967), 
paper C V I of this series. 

(.">) li. R. Baker and K. II. Er ickson, ibid.. 12, 408 (lHti'J). paper C'LII of 
this series. 

(fj) E. A. R a b a t and M . M. Maye r , " E x p e r i m e n t a l I m m u n o e h e m i s t r y , " 
2nd ed, Char les C T h o m a s Publ isher . Sprinjrfield. 111.. 1967, pp 149-15:1. 

fourfold enhancement of inhibition was seen with p-Cl 
(4) or p-COOCH3 (8) substituents; measurements with 
the p-COOH (9) substituent were hampered by lack of 
solubilitv but it appeared that this substituent was 
slightlv less effective than p-COOCH3 (8). 

In the meta series, XO, (10), X E (12), CH30 (13), 
and AcXH (14) gave about a fourfold increment in 
binding; the Cl"3 substituent (11) was about as effective 
at 0.125 m.l/ as the m-nitro (10); at higher concentra­
tion 11 gave substantial lysis in the absence of comple­
ment. The most effective small group in the meta 
series was COOCH;i (15) which gave an eightfold incre­
ment in binding over the parent base-line compound (2). 
Again it is clear that these increments are not due to 
any electronic effects on the binding of the phenoxy 
moiety; also there did not appear to be any correlation 
with the relative hydrophobic character of the sub­
stituent.7 

Only two compounds in the ortho series were in­
vestigated: o-nitro (16) gave a fourfold increment in 
binding and o-amino (17) twofold. Since these com­
pounds were no more effective than meta or para 
substituents, no further compounds with small ortho 
substituents were synthesized for investigation. 

Two compounds with two small substituents on the 
phenoxy moiety were investigated. 3-X02-4-CH:j (19) 
was only slightly more effective than 3-X02 (10). 
Measurements with the 3,4-Cl2 derivative (18) were 
hampered by the lack of solubility; however, 18 was 
about twofold less effective than 4-C1 (4). 

The effect of larger substituents on the phenoxy 
moiety were then investigated. A p-C6H5 substituent 
(20) appeared to enhance activity compared to the 
base-line compound (2) at low concentration, but 
measurements were hampered by its low solubility of 
0.0.3 m.l/. Therefore more polar amide substituents 
with greater water solubility were investigated. 

The p-benzamido derivative (21) was about eight 
times as soluble as the p-phcnyl derivative (20); fur­
thermore, 21 gave about a sixfold enhancement in 
binding compared to 2. When the benzamido group of 
21 was substitued by p-X02 (23), m-X02 (24), or 
p-OCH3 (25), inhibition was enhanced six- to eightfold; 
the p-chlorobenzamido derivative (22) at its maximum 
solubility was about eightfold more effective than the 
same concentration of 21; however, 22 was too in— 

(7) T. Fuj i ta . .1. Iwasa . and C. I lansch , ./. Am. Chem. Sue.. 86, 5175 (1964) . 
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TAHI.K I 
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" The technical assistance of Sharon LaHer with these assays is acknowledged. '' Sec ref 5 for assay of inhibition of liHC lysis by 
complement. ' A minus number indicates more lysis than the complement control wit hoi it compound. '' Lysis in the absence of com­
plement corrected for 0 - 5 ' , lysis in a control without complement and compound; this i> expressed as the per rem of lotaJ lysis pos­
sible, 0.7 Ol) unit. '' Data from ref 5. ' Maximum solubility in buffer. » Picrate dissolved in 1 :4 ILO-MeOIuOII for assay; Tris 
picrate shows no inhibition or lysis at 0.25 m.l/.-

soluble to reach a concentration showing 5 0 % inhibi­
tion. When the p-benzamido moiety of 21 was re­
placed by a p-phenyiureido moiety (26), inhibition was 
enhanced only slightly. 

Substituted benzamido substi tuents on the meta 
position of the phenoxy moiety of 2 were then investi-

eightfold more effective than the parent 2, while the 
p-nitrobenzamido derivative (27) was 1(5-fold more 
effective. The p-nitrophenylurea derivative (29) was 
the most potent compound in Table I, being 30-fold 
more effective than the parent 2. 

When the p-nitrobenzamido group of 27 was moved 
gated. The p-methoxybonzamido (28) derivatives were to the ortho position of the phenoxy moiety (30). about 
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TABLE II 

PHYSICAL CONSTANTS OF 

(Q)O(CH2)3O 

Rx 

3 p-NO, C(NH2 

4 p-Cl C(NHS 

p-NH, C(NH2 

(i p-OCH, C( . \H, 
7 p-NHAc C(NH2 

5 p-C02CH3 C(NH2 

10 m-N02 C(XH, 
11 m-CFa C(NH2 

12 w-NH, C(NH2 

13 m-OCH3 C(NH2 

14 TO-NHAC C(NH2 

If) m-C02CH3 C(NH2 

16 o-NO. C(NH2 

17 o-XH2 C(NH2 

18 3,4-Clj C(NH2 

19 3-N02-4-CH3 C(NH2 

20 p-C6H5 C(NH2 

21 p -NHCOCHi C(NH2 

22 p-NHCOC6H4Cl-p C(NH2 

23 p-NHCOC6H4N02-p C(NH, 
24 p-NHCOC6H4N02-m C(NH2 

25 p-NHCOC,H 4 OCH r p C(NH2 

26 p-NHCONHC6H5 C(NH, 
27 m-NHCOC6H4N02-p C(NH2 

28 w-NHCOC«H4OCH3-p C(NH2 

29 m-NHCONHC6H4N02-p C(NH2 

30 o-NHCOC6H4N02-p C(NH, 
31 p-NOa CN 
32 p-Cl CN 
33 p-OCH,, CN 
34 p-C02CH3 CN 
35 m-NO, CN 
36 m-NHCOCH3 CN 
37 o-NO, CN 
38 3,4-Ch CN 
39 3-N02-4-CH3 CN 
40 p-CeHs CN 

p-NHCOC6H5 CN 

Rj Method" yield Mp, °C Formula6 

=NH-HC1 B 37' 94-9.i C,6HI8ClN-,04-H20 
= N H - H C 1 B 73' 146-149 C,6Hi8Cl2N202- H,() 
= N H - 2 T s O H C 43' 191-192 C30H35N5O8S2 

i = N H - T s O H B 66' 129-131 C24H28N206S 
NH-HC1 I), W 30' 131-133 C18H22C1N3()3-H2<) 
NH-TsOH B 87' 162-164 C2f,H28N207S 

i = N H - H C l B S2e 142-144 C16H18C1N304 

i = N H - T s O H A, Bd 34' 120-122 C24H45F3N
T

2OoS 
= N H - 2 H C 1 C 85' 106-107 C16H21C12N302 

= N H - P i c r a t e A, B J 53 ' 140-142 C23H23N50,„ 
' = N H - T s O H B 28= 111-113 C26H28N306S-H2<) 

NH-HC1 A, B" 67' 108-111 C,.,H21C1N2()4 

NH-HC1 B 66' K2-84 C16H lsClN304-H-,0 
i=NH-2TsOH B 89' 124-126 C3„H33N308S2 

NH-HC1 B 75' 101-103 C16H17C13N,(>2 

= N H - T s O H B 30' 101-102 C24H27N307S- H,() 
= N H - H C 1 B 54' 226-229 C22H23C1N2()3 

i = N H - T s O H B 27' 184-187 CMH31N3G6S 
= N H - T s O H E 40' 143-145 C3„H3„C1N3()6S 
= N H - T s O H E 32' 218-220 C3„H3oN408S 

NH-TsOH E 47' 91-93 C3„H3oN4OsS 
i = N H - T s O H E 41" 152-155 C3,H33N:AS 
i = N H - T s O H F 72' 134-135 C3„H32N30«S 
= N H - T s O H E 53' 135-137 C3„H30N4O^- H2(> 
= N H - P i c r a t e E 10' 198-202 C30H2sN6O-,-. 
= N H - P i c r a t e F 36' 181-183 C29H26N8012-H2<) 
= N H - T s O H E 35' 191-194 C30H3„N4O8S 

A 52* 100-102 C16H,4N,04 

A 84' 84-86 C16H14C1N(), 
A 42'' 63-65 C,7H17N03 

A 80" 81-82 C, 8H nN0 4 

A 35' 73-74 C18H14N204 

A 55' Sl-82 C18H l sN203 

A 80* 81-83 Ci6H14N204 

A 47* 78-80 C16H13C1»N02 

A 70' 103-105 C,7H16N204 

A 64'- 99-101 C22H,9NO, 
I) 65' 150-153 C23H26N203 41 

"Methods: A,4 alkylation of m-cyanophenol with 1,3-dibromopropane, then further alkylation of the bromopropyl ether: B, s 

C N - * imino ether - • amidine; C,8 reduction of N0 2 ; D - F , see Experimental Section. ' Analyzed for C, H, N. ' Recrystallized from 
H 20. d The intermediate nitrile was an oil that was not purified. ' Recrystallized from Me2CO-H20. ' Recrystallized from 509,-
EtOH. "Recrystallized from EtOH. '•Recrystallized from petroleum ether (60-120°)-C6H6. 'Sublimed in vacuo for analysis. 
' Recrystallized from C6H6. 

a fourfold loss in inhibition occurred; 30 was still 
about eightfold more effective than the parent 2. 

From these studies, it is clear that substitution of 
benzamido or phenylureido groups on the meta position 
of the phenoxy moiety of 2 gives the best enhancement 
of activity. The most potent inhibitor of complement 
to date is t'he m-(p-nitrophenylureido) derivative (29) on 
the phenoxy moiety of m-phenoxypropyloxybenzami-
dine (2); not only is 29 30-fold more effective than 2, 
but activity has been enhanced about 400-fold over 
benzamidine, the inhibitor of complement with which 
these studies were started.5 

Under investigation is the synthesis of candidate 
irreversible inhibitors of complement such as replace­
ment of the N02 group of 27 and 29 with S02F.8 

(8) B. R. Baker and E. H. Erickson, ./. Med. Chem., 11, 245 (1968), paper 
CXV of this series. 

Chemistry.—The necessary substituted m-(phenoxy-
propoxy)benzonitriles were prepared by the previously 
described alkylation of ?n-cyanophenol (method A);4 

these were converted to the amidines through the imino 
ether hydrochlorides (method B).8 Catalytic reduction 
of the nitro group of 3, 10, or 16 with 5% Pd-C (method 
C)8 gave crystalline aminoamidine salts which could be 
acylated to the desired amides or ureas (methods E and 
F). Another route was reduction of 31 followed by 
acylation to 41, which could be converted to the 
amidine 21; this route was used for 7 and not pursued 
further. 

Experimental Section 

Melting points were determined in capillary tubes on a Mel-
Temp block and are uncorrected. All analytical samples had ir 
spectra compatible with their assigned structures and moved as 
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a .single spol on lie on Brinkmann silica gel (IF or polyamidc 
N M ..M: eacli gave cum bust ion values for (', II. and \ wit h in 0.1' , 
of theory. 

w-iw-Aminophenoxypropox}ylbenzamidine 112) Dihydrochlo-
ride (Method C).---To a solution of 3.5 g (10.0 mmoles i of 10 in 
100 ml of EtOH containing 200 nig of ,V' I 'd-( ' wa- added 0.XI 
ml (10.0 mmoles) of 12 A" HOI. The resulting mixture was 
shaken with II» at 2--'i arm; reduction was complete in 2 lir. 
The filtered solution was evaporated in rnrno ;uid the residue 
reorvstallized; yield '&. I g iS,V, i of white crystals. See Table II 
for additional data. 

»)-(/;-Carboxyphenoxypropoxy ibenzamidine Toluenesulfate 9 •. 
Solution of 0.511 g (10.0 mmoles) of 8 in 5 ml of (i A' IK'l 

and 5 ml of IK )Ac was stirred ill. reflux for 1 (i lir, t hen evaporated 
/;/ racno. Two recrystallizalioiis from IM> gave 0.210 g i-\'-V , i 
of while crystals, mp 21'!- 215°. Anal. !0,,H2liXO-S) (', II, N. 

m-(p-Benzamidophenoxypropoxy ibenzonitrile (41) (Method 
l)i. A solution of 2.S5 g (11.55 mmoles) of 31 in 200 ml of KlOIT 
containing 0.30 g of 5 ' , P d - 0 was shaken with II. at 2 15 aim: 
reduction was complete in 1 hr. The filtered solution was 
evaporated in rocno to yield 2.(i g 1100' , i of a colorless oil suitable 
for the next reaction. 

To 2.0 g 17.-45 mmoles i of the crude oil was added 20 ml of 
CHC1:, and I.I ml (S.O mmoles) of Kt;iN followed by 0.02 ml 
(S.O mmoles) of benzoyl chloride. The resulting solution wa­
st irred at ambient temperature for 24 hr, 1 hen washed succes­
sively with three ;>0-ml portions of 1 .V IK'l, three oO-ml portions 

X,;-(•'•>-AI ot by 1-2-buteny I) adenosine or XB-(,A--isopen-

teny])adenosine (IPA) occurs in sRXA' and was 

originally synthesized h.y Leonard, ct al.--:' This 

nucleoside has high cytokinin activity. l ! , ; i It also 

inhibits the growth of human myelogenous leukemic 

cells and certain mouse tumors4-'' and has undergone 

preliminary clinical t r ia ls / Because of these findings. 

;D in) I). It . Hall. M. .1. Roll ins. L. S ias iuk . and 1{. 'I 'hedford. ./. Am. 
Cliem. Sue. 88 , 2(114 ( Klfifi): (li) M. .1. Rol . ins . R. It . Hall, anil R. 'I 'hedford. 
Biorhemirtr,,. 6, 1837 (lHBTi; i<0 t t . G. Zachau , I) . I ) i l t t in K . and I t . Feld-
niann. Aniieir. Client... 78 , HII2 (IHtifi); (it) II. l- 'eldmann, C. I Kit tina', and II. 
(I . Zacl ian. '/.. I'hijriol. Chem.. 347, 2HH [lHOnl. 

i2) N. .1. Leonard. Tr,n,r. Mnmr Cuurlji Her. Cmmeil t.V. . / . ) . 1, 11 
i lllli.li. 

nil N. .1. Leonard, S. Achmatowicz . R. N. I .oeppky. K. I.. Car raway . 
\V. A. ( i r i m m . A. Szweykowska , t t . Q. I t a m / i . and V. Skoou. / ' r o c Sntl. 
Ar„,l. Sri. I'. S., 56, 700 (1U66). 

(I) .(. T. Grace . .Ir.. M. T. H a k a l a . R. H. Hall, and .1. Bla keslee. I'r„r. 
Am. Arror. Cniirer Her.. 8, 2« f 1967). 

(.">) 1). Swk. ( ' . I.. S impson, and K. Mihicli . ilii/l.. 9, (IS) ( 1068.1. 
((!) R. .tones, J r . . J. T. ( I racc . Jr . . A. M i t t e l m a n . and R. K. Gerner . /';/</.. 

9, Ho i I'lliSi. 

ol 1 .V XaOll, and three oO-ml ])ortiotis of H..O. The dried solu­
tion was evaporated in vacuo. Two recry-t alli/at ion- from (',,11, 
afforded I.S g d')5', i of white crystal-, mp 150 15:!'. Ann! 
(\J1,„X .(>3i (.'. 11, \ 

m-[in-1p-Nitrobenzamidojphenoxypropoxyibenzamidine Tolu-
enesull'onate .27) (Method E). To a solution of ().:,10 g i0..sc> 
mmole.; of 12 in 2 ml of I11IF was added 1.0 g of 4A Molecular 
Sieves 11,hide > followed by 0.2t5 ml .1.75 mmoles :• of Kt.X. 
To the resulting mixture \\a- added a -olulioii of 0.20'.! g i l . l l 
mmoles) of /;-nit robenzoyl chloride in 2 ml of I ).M !•'. The niixl ore 
was stirred 1 hr ai ambient temperature, then poured into (id nil 
of II,() containing ((.MM) g .2.0 mmoles :• of /i-toluene-ulIonic acid. 
The cry-lalline product was collected and reorvstallized from 
IM>: yield 0.27 1 g •.">:!' , :. nip i:!o | : , 7 \ See Table II for addi­
tional data. 

//!-(/;-Phenylureido!phenoxypropoxybenzamidine Toluenesul-
I'onate (26) iMethod F I. To a solution of O.:i0 g it).4s mmole 
of 5 in 2 ml of D.MI-' was added 0.077 ml (0.4N mmole; of Kt-X 
followed by 0.12(1 g '0.50 mmole) of < )-i/j-nitrophenyl i X-
pheuylcarbamate," The resulting solution was stirred at loom 
temperature for Hi hr. then poured into •!() ml of Il.O, and the 
product was collected, lieeryslalli/.al ion from Il.O gave 0,20 g 
(72 ' , ). mp b!4 i:i.V. See Table II for additional data. 

d o l i . R. l i n k e r a n d N . M J . V e m i e i l l e n . ./ Mr,I. C)„m.. 12 , 71 l l t l l i i o 

p a p e r C \ X X I V of 1 hi-- - e r i es 

several other X"-substituted adenosines were synthe­
sized and found to have biological activity.781 Addi­
tional X"-substituted adenosines have now been pre­
pared71' and their biological properties have been 
studied. The new series of compounds reported in 
this paper tire the X,1-d-i>-ribofuranosyl derivatives of 
those X' !-substituted adenine bases which have shown 
potent cytokinin activity as reported by Strong'* and 
by Skoog, el o/.ila They include the X'fi-2-phenoxyef hyl-
(I). X'''-benzyI- (II) . X,!-/<-hexyl- ( I II) , X,;-/<-peiityl-
(IV). X6-phenyl- (V). XMhienyl- (VI), and X";-2-

. 7 ' u i M. 11. l-'le>-her. . \I . T. I laka la , A. Bloeh. a i u l l t . 11. Hall, ./. Me,r 
Chen,.. 11 , 717 il ' .mSi; I.) M 11. Flcysher . A. Bloch. M . T. Haka la . and 
('. A. Nicliol. Al .s t raels , loliili Nat ional Meel ini ; of the American Chemical 
Society. At lant ic Ci ty , V J., UlltS. Medi 25. 
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Synthesis and Biological Activity of Some New 
IV'-Substituted Purine Nucleosides 

AI. H. 1'I.KYSHER. A. BLOCH, Al. T. HAKALA. AND ('. A. Xicuoi. 
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The synthesis of \ , ,-2-pheno.\yethyl-, V'-benzyl-. N*"-;i.-he\yl-, V'-H-peniyl-. X(;-phenyl-, \fi-2-t hienyl-, and 
\6-2-et hoxyethyladeiiosines was carried out by (|iiatornizaliun of Ihe X1 of adenosine wilh ihe appropriate 
halide, followed by rearrangement to the product in aqueous Nil;,, or by nucleophilie substitution of 6-chloro-
purine riboside with the appropriate amine. Also synthesized were the X'M J^-isopentenyl) and V-aHyl deriva­
tives of t.he antibiotic tubercidin i'7-deazaadenosine i. The compounds weie examined for biological activity 
in a number of (.est. systems. All of the adenosine derival ives examined showed cytokinin activity in the tobacco 
pith bioassay. Similarly, at low concentrations ( 10~s to 10 _li .1/ i, the X6-subslil tiled adenosines tested stimulated 
the growth of a human leukemic cell line ((U10). At, higher concentrations, they decreased the viability of this 
line of leukemic myeloblasts of line III ' IK of Burkitt 's lymphoma, and line LKI1> of leukemic lymphoblasts, 
whereas they were all ineffective against a culture of normal leukocytes. The X,;-sub-tit tiled lubercidins on 
Ihe other hand inhibited the normal leukocytes, but weie variably effective against ihe tumor line-. Most of 
Ihe compounds interfered with the growth of Ktchi riiin'o roll and some with the gtowth of Sarcoma ISO cells /// 
I'ilro. A moderate but significant increase in survival lime of mice healing leukemia 1.1210 was produced by 
four of the adenosine derivatives. 


