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A series af 28 derivatives af m-phenoxyprupoxybenzamidine (2) with substituents au the phenoxy muoiety were
=vuthesized, then evaluated as inhibitors uf the guinea pig complemeut-sheep ved bluod cell-antibody svstem.
Small substituents such as Cl, NO,, OCHy, NH,, AeNH, ar COOCH; give at best unly fairfald mure effective

whibitiou.
better inhibition.

Larger substitiients such ax substituted benzamidu ur substituted phenylureido gave 6-30-fold
The best inhibitar af the series wax m-pu-(p-uitraphenylureidu)phenaxy prapaxy |benzamidine
(29) which at 62 u3M showed 957 inhibitivn uf guinea pig camplentent and 60% iunhibitian at 16 p.

Thus

29 wax 30-fold mure effective than 2 and about 400-fold myre effective than beuzamidine.

Inhibition of the serum complement system? could
have a number of medicinal uses.* Such inhibition of
complement is readily assayed by the sheep red blood
cell-hemolysin—serum method.”® Among the better
inhibitors found in this laboratory is the ‘tryptic-
type’’ inhibitor. m-phennxypropoxybenzamidine (1,
R = H).*» A study has now been made tv determine

O(CH,),0

W

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?®®
by a compound 1= determined by comparisvn with a
control lysis vf sheep red blvod cells (RBC) by enmple-
ment and hemolysin (Table I). In svhme cases (see 11)
the eompound could cause lyvsis of RBC in the absence
nf complement. which ix recorded as a percentage ot the
total lyxis (0.7 OD) possible.

The base-line compound with which this study was
started  was  m-phenoxypropyvloxyvbenzamidine  (2).
which s about tenfold more effective on a concentra-
tion hasis than the parent benzamidine.*® The effect
of small substituents on the phenoxy mniety was
studied first to determine 1f there were any electinnic
effect= on inhibition by the phenoxy moiety.

In the para series, substitution of 2 p-nitro (3) or p-
anino (5) group gave nn change in inhibition, indicating
that there were n electronie effects on the binding of
the phenoxy motety. Binding was enhanced twofnld
with a p-OCH; (6) or p-acetamido substituent (7). A

1) This work was generously supporteil by Grant (CA-0868) from tle
National Cancer Institute, U. 8. Public Health Service.

12) For tlhie previous paper of tlis series see B. R. Baker and M. Cory,
J. Mei. Chem., 12, 1049 11969).

(3) 1a2) M. J. Maller-Eberliarl, Asvon, Immunol., 8, 1 (1968): 1h) P. M.
Schiur and K. Y. Austen, Ann, Rer. Med., 18, 1 (1968).

i4) B. R. Baker aud E. H. BFrickson, J. Med. Chem,, 10, 1124 {14957),
paper (VI of tlis series.

15) 3. R, Baker and 15, 11, lorickson, i44/., 12, 408 11U6Y). paper CL11 of
tliis series.

16) 1. A, Kabat anid M. M. Mayer, "Lxperimental umninocheuisiry,”
2 ed, Cliarles O Tlipmas Publishier, Springfiell, U1, 1967, pp 144--153.

fourfold enhancement of inhibition was seen with p-Cl
(4) or p-COOCH, (8) substituents; measurements with
the p-COOH (9) substituent were hampered by lack of
=olubility but it appeared that this substituent was
shghtly less effective thun p-COOCH; (8).

In the meta sertes, NOs (10). NH. (12). CH;0 (13),
and AeNH (14) gave about a fourfold increment in
binding; the CI7; substituent (11) was about ax effective
at 0.125 mJ/ a= the m-mtro (10); at higher concentra-
tion 11 gave substantial lysis in the absence of comple-
ment. The most effective smull group in the meta
series was COOCH, (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.”

Ouly twn 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 thun meta or para
substituents, no further compounds with small ortho
substituents were synthesized for investigation,

Two compnunds with two small substituents on the
phenoxy moiety were mvestigated. 3-NO-+4-CHy (19)
was only shightly morve effective than 3-NO. (10).
Measurements with the 3.4-Cl, derivative (18) were
hampered by the lack of solubility; however, 18 was
about twofold less effective than 4-Cl (4).

The effect of larger substituents on the phenoxy
moiety were then investigated. A p-CsH;s substituent
(20) appeared to enhance activity compared to the
base-lime compound (2) at bw concentration. but
measurements were hampered by its low solubility of
0.03 mJ/. Therefore more polar amide substituents
with greater water splubility were investigated.

The p-benzamido derivative (21) was about eight
times a~ soluble as the p-phenyl devivative (20); fur-
thermore, 21 gave about a sixfold enhancement in
binding compared to 2. When the benzamido group of
21 was substitued by p-NO. (23). m-NO, (24). or
p-OCH; (25), inhibition was enhanced xix- to eightfold;
the p-chlorobenzamido derivative (22) at its maximum
solubihty was about eightfold more effective than the
same concentration of 21; hopwever, 22 was too in-

17) T. Fuajita, 1, Twasa, and C. Hansel, J. Am. Chene. Soc.. 86, H17a11914).,
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* The verliival assisiance uf Sharan LaHer with these assayvs is acknawledged. " Xee ref 5 Tor assay of inlibivioge of BBC Lysis Dy
eotlipleteta . A inns number indivates nre lysix than the vomplement control without ceprominl. # Lvsis it the ahisenve af com-
pletietn crwrverted for 0= avsix in a contral withom camplement and compound; this isx expressed as the per vetn af total Iv=is pus—

sihile, 0.7 O unit, * Dava from ref .
piernie shows na inhibition or lysis at 0,27 ma/.»

spluble to reach a concentration shuwing 509 iuhibi-
tion.  When the p-benzamido mioiety of 21 was ve-
placed by a p-phenylureido motety (26), inhibition was
enhaneell vnly slightly.

Substituterd benzamido  =ubstituents on the nela
po=ition of the pheriwxy nmoety of 2 were then mvesti-
eated. The p-methoxybenzanudn (28) derivatives woene

CMaxinuum ~ulubility in buffer. ¢ Picrate dissolved it 1:4 TO-NeOF1O fur assay: Tris

eightfold more effective than the parent 2. while the
p-nitrobenzamida derivative (27) was 16-fold more
effective.  The p-nitrophenylurea derivative (29) was
the miost potent enmpounil in Table I, being 30-foll
more effeetive than the parent 2.

When the p-nitrobeuzamido group of 27 wus movaell
ta the ortho positinn of the phenoxy niety (30). about
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PrysicaL CONSTANTS OF

©renal®)

R,

No. R R2

3 p-NO, C(NH,)=NH-HCI

4 p-Cl C(VH;):\H -HCI

b p-NT. C(NH.,)=NH-2TsOH

G p-OCH; C(NH,)=NH- -TsOH

7 p-NHAe C(\'H»)—\H-HCI

N p-CO-zCH:l C(\IHQ) H-TsOH
10 m-NOu C(N Hz)—l\ H-HCI

11 m-CF; C(\ Hn) H-T<sOH
13 m-OCH, C(NHQ)——\H'Picl'ate
14 m-NHAc¢ C(NH.)=NH TsOH
14 TIZ-CO.‘CI‘II (J(\:Hz) H-HCI

16 0-NO: C<\H> H-HCI
17 o-NH; C(NH,)=XNH 2TsOH
18 3,4-Cl, C(NH,)=NH.HCI

19 3-NO.-4-CHy C(NH?):NH'TSOH
21 p-NHCOCsH: C(NH.)=NH.TsOH
22 p-NHCOC:H,Cl-p C(NH, )—7\' -TsOH
23 p-NHCOC:H,NO,-p C(NH;)=NH. -TsOH
24 p-NHCOCsHNOy-m C(NH,)=NH T<OH
05 p-NHCOCeH4OCH3-p C(NHq) H.T«OH
26 p-NHCONHC:H C(NH;)—\H -TsOH
27 m-NHCOC:HNO;-p C(NHy)= \fH -TsOH
28 m-NHCOCH,OCH;-p C(NH.)=NH.Picrate
29 m-NHCONHCH,NOy-p C(l\ Hn) H - Picrate
30 o-NHCOCHiNO,-p H.,)=NH. .T:OH
31 p-NO:» CI\
32 p-Cl CN
33 p-OCH, CN
-54. p'CO)CH& CN
35 m-NO, CN
36 m-NHCOCH, CN
37 0-NO: CN
35 3,4-Cl, CN
39 3-NOy-4-CH; CN
4() p-CeHs CN
41 p-NHCOGCsH; CN

« Methods:

EtOH. ¢ Recrystallized from EtOH.
i Recrystallized from CsHs.

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

From these studies, it i1s 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 the 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.?

Under investigation is the syuthesis of candidate
irreversible inhibitors of complement such as replace-
ment of the NO; group of 27 and 29 with SO,F.®

(8) B. R. Baker anl E. H. Erickson, .J. Me;, Chem., 11, 245 (19688}, paper
CXYV of this series.

k Recrystallized from petroleum ether (60-120°)-CsHs.
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R,
o,
Method? vield Mp, °C Formula?
B 37 94-95 C|6H|301N304' H,0O
B 73¢ 146-149 C[eHlsclzNQ()q . H-_-()
C 43 191-192 (;aoHast()gS:
B 66 129-131 CoeHusN 06
1), B¢ 30¢ 131-133 Cn,HggClNa():l' H.O
B ]7° 162-164 CaHagN2O:8
B 82¢ 142-144 quHmClNa(h
A B¢ 34c 120-122 CasHays F3N20:R
C RH° 106-107 CleHzlclgNg( )-g
A, B4 537 140-142 ngHggx‘aOm
B 28¢ 111-113 Cy6HsN;3Oe - HLO
A B 6T 108-111 C1 HuCINsO,
B 66° 82-%4 CisH sCIN30O, - HaO)
B ]9 124-126 CaoH3N3O88,
B 75 101-103 CiH:CENLO.
B 30¢ 101-102 CuHa NGO Ha
B 54 226-229 CuHyCING,
B 27¢ 184-187 CaoHy NaOs
E 40¢ 143-144 CyoHapCINOgS
E 32¢ 218-220) CipHaoN4Og
E 47¢ 91-93 CyoHgN,ON
E 41¢ 152-105 Cy HasN0-=
F 72¢ 134-135 CaoHpN 5068
E 53¢ 135-137 CaoHpN,08 - H.O
E 10/ 195-202 CyuHasN6O;,
F 36¢ INI-183 CuHugN 3O, - Ha0
E 35° 191-194 CyoHipoN O
A 50 100-102 CoH N0,
A R4h N4-86 CiHuCINO.
A 42* 63-65 C]‘,H[‘.N():l
A 30* N1-82 CisHiNO,
A 357 73-74 CisHiN0,
A 53" S1-82 CiuHsN.O;
.‘X 80’1 HI—H3 CleH|4N204
A 47" 75-80 CieHsCLNO:
:\ 70}’ 103—10-) C17H16N204
A B4+ 99—101 szHu;NOQ
D 657 150-153 Cy3H26N:03

A.¢ alkylation of m-cyanophenol with 1,3-dibromopropane, then further alkylation of the brnmopropyl ether; B,?
CN — iminn ether — amidine: C,® reduction of NOy; D-F, see Experimenta)] Section.
H.O. ¢ The intermediate nitrile was an oil that was not purlﬁed

b Analyzed for C, H, N
¢ Recrystallized from :\[egCO—HgO‘

¢ Recrystallized from
! Recrystallized from 5097
iSublimed 1n vacuo for analvsis.

Chemistry.—The necessary substituted m-(phenoxy-
propoxy)benzonitriles were prepared by the previously
described alkylation of m-cyanophenol (method A);*
these were converted to the amidines through the imino
ether hydrochlorides (method B).® Catalytic reduction
of the nitro group of 3, 10, or 16 with 59, Pd-C (method
C)® gave crystalline aminoamidine salts which could be
acylated to the desired amides or ureas (methods E and
). 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 struetures and moved as
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wositgele <por on e o Brivkiann silivne gel G or podyeanide
N Mo eavh gave comlmstion valoes for ¢ T ol N owithin e,
of thenry,

w11 n-Aminophenoxypropoxy )benzamidine 121 Dihydrochlo-
ride (Method C).-~Tn a solurivn uf 3.5 g 110.0 mumvles: vf 10 i
100 ml of EtOH containing 200 mg ol 577, Pd-C was adiled 0.83
ml (10.0 wmnuldes) of 12 N HCL  The resulting mixture was
shaken with Hy at 2-3 arm; rednvtion was complete e 2 hre
The filtered <almion was evaporaied e caeser aiad e vesidue
recrvstallized: vield So1 g o850 tof white rrvsials. See Table 1]
for mlditiomal dara.

ne=1pp-Carboxyphenoxypropoxy jbenzamidine Toluenesulfate <9

Sohution of 0511 g 110.0 mmmoles) af 8 iie 5 ml of v N 1]
atel Jnl of TTOAe was stivred auvetins fue (6l e evaporaned
o raeuo, Twa reerystallizations from HaO gave 0210 g 03
of white veyvstals, mp 215-215%0 el (CllLaNOss 1 O TN,

ne=( p-Benzamidophenoxypropoxy ibenzonitrile 1411 1Method
D A sohlitivi of 2,85 g 19,55 mimoles 1 of 31 e 200 ml of 1tOH
romtaining 0.30 g of 547 Pd-C" was shaken with 1y an 243 atm:
redavtion was votnplete in 1 e The filterm] solation wasx
evaporated i rama to vield 2065 g 11001, 5 of a colovless oil suitahile
for The next reaciion.

T 2.0 g (747 mnlest of the eride oil was adiled 20wl of
CHCL mal 1wl 0800 mnaddest of Fu N followed Ty 0.2 1wl
(2.0 muolesy of henznl vhlovide, The resalting =olutivn was
<tirred st bient remperatnre for 24 he, then washed sneees-
sively with three su-ml portiows of 1TV HCL three S0-mb portions

Fruevsuer, Brorn, Hakavna, avn Nicnan,

Val, 12

ol €N Nan 1 ated toer So-tal portions o T1O Thee drivl solne-
Viede wirs evaorated Ve voevo, Tworerey=tallizationes frone Cyl 1,
affvded]l (S B, of white ervsials, wap 10 1537 e
Ul NGOz e O LEN

m-}ni-i p-Nitrobenzamido )phenoxypropoxyibenzamidine Tolu-
enesulfonate (27) iMethod E).—To a <olution of 0310 g 10.85
munole ol 12 1 2wl of DMF was added 1.0 g of 1A Motevubar
Stevee cbuiades tollowed Dy 00443 wid L7)H mumless ol TN,
Too b resnliingg mixoare was added o <cdnion of 0,200 ¢ i1t
ol i o p-aitechenzoyl ehilovide e 2 mlof DN The misare
was stiveed Tl wn soahienn temperatare, then ponred into 310wl
vl O eotindgg 008380 w20 nnnodies s ol p-tolovoesal{onde et
The crvsuillive prodact wis collectal aad recevstallizidd 1rown
11.1): _\'il'lll 2T ] w5087, 1 1535 15377 Sev Tuble 1T G adidi-
tiotal .

=1 p-Phenylureido iphenoxypropoxybe nzamidine Toluenesul-
fonate i26) iMethod F). To a =olution of 0.30 g (0AS nunle
af 5 1 2wl of DM was added 0,077 ml o 48 nmoles of 1N
tollowed by 001200 w0 «050 mwles of - O-Cp-uitroplcnyls N
phenylearlamate.®  The wesulting solnion was stivral o ronao
temperittare for 16 hiee thien ponred o 30 1wl of H.O, ad 1le
freotlier was eollected. Revevstallizanion from HLO gave .00
2 wmp 154 1550 See Table T foe saldinional diog.

s B30 R Maker wod NN Nevwealew, S0 Wedd Ol 18, T (100
puper CONNNIV of this =ories

Synthesis and Biological Activity of Some New

N'-Substituted Purine Nucleosides

MOH. Frevsuer, A Broou, M7 Hakara, avp CoAL Nedow

Dy potsent of Kepecimental Theca peaties, Bosicll Povk Meowrsal Tistibd e, Baflulo, New Yol

1420t

Joreioed ek 21, 1hen

The svinhesix of Ne2-phenoxyerhvl-, Ni-beuzyl-, Noo-lhexyl-, Neo-pemyl-, Ne-phenyl-, N*-Z-ihienyl-, unl
Ne2opthaxverhyvladenosiies wis carvried owr hy gquaternization of The N© ol adewosine with the appropriate
halide, followerl by rearrangement i the produet in anueons N1y, or hy nueleophilic substitaion of 6-chlovo-

navine rviboside with the appraprinte mnine.

tives uf the anuibinice tubereidin (7-deazandenosine 1.

i ammlber of test systeins,
nith binassay,
the grinwvth of & human lenkendv vell line 764105,

Alsv =vichesizei were the Né-t Aiznpedtenyl) mal Né-allvl deriva-
The veanponnds were exmnined Tor Livdogical activity
All of the andenosite derivatives examinel showed eviokinin avtiviny in the tobacen
Sunitarly, i low vonventeations 1107 1o 09 1 o rhe Né-suhstitined ndenosines tested stimnlared
At higher vaneerarations, they decrensed the vinbhilivy af this

line of leukemir myeloblast= of line HHR1IK of Borkitt's Ivinphoia, aud line LKTD of Tenkemiv Ivaphohlasts,

whereas thiev were all ineffernive agaitst a cultare of coriaal leikovyies,
the other hand tnhihited the normat lenkoevies, but wwie variahly effertive against the tumor lines.

The Né-substinnued tubercidins on
Must II(-

the vompounds interfered with the grawth of Eschecichiv coli aud some with the giowrth of Sarauma 180 cells i
riteo. A moderate b siguificant frease in =urvival tinte of wive heming leakemin L2110 was produeed by

forr of the adenos=ine lerivatives,

N (3-Methyl-2-butenylmlennsine 1w N (A*i=open-
tenyhDadennsine (IPA) oeeurs i sRNAT and was
originally  svuthesized by Leonard. ¢ al** This
nueleostde has high eyvtokinin activity. U It also
inhibit= the growth of human myelbgenous leukemir
cells and eertain monse tumors*¥ il has undergone
preliminary ehinieal trials®  Beeause of these fdings,

t1y o Ro1b gl ML Robios, T Sopsiok, awd R Thedford . e
Chem. Spe., 88, 2614 11UB6): th) M. L Roldus, R. 1L Nall, awd & Thedford.
Binchemistry, 6, 1837 (1167): ir1 M. G, Zaclaa, Do Diting, and 1, Pelil-
wan, ygew. Chene, T8, 3102 11U66): 111 1. Feldpaun, . 1irting, and 11,
O Zavlyua, Zo thysiof. Clhem,, 347, 236 (1UB61T

i21 N. ) Leounrds Trases. Hearris County Res. Coanged NS0 10 11
[RINIGEN

CllNL L Lecnaed, S0 Avloanarowierz, R.OND Loegpky. s L Careirwan
WAL Grintne, AL Saweykowska, Ho Qo 1bienzi, awd Fo Skoog, freor. Nall
e, Nedo 0S80 66, T0N LTUBG).

1y LT, Graece, Jdr., ML T, Hakala, R, L 1dall and 1L
At dssg Cangrer Res, 8, 23 (19671,

15) 1L <ok, UL L Sonpsou, amd M0 Milien, i, 9, B TTHERG .

ny R.odooes, Jeo LT Graee, dee, AL Abtteloan, and R E, Gecuer, o,
9, A 18

tlakeslpe, /7o

several other N'-substituted adenosines were svnche-
sizeld and foumd to have binlogieal netivity.’  Addi-
tinnal N-substituted adenosines have now heen pre-
praredi and  their binlogieal properties have been
st The new <ries of compounds reporter] i
this paprr arc the NSg-v-ribofurannsyl dertvatives of
thosr N'-:ubstituted adenine bases which have =shown
potent cyvtokinin aetivity ax reported by Strong® wnl
by Skoog, e/ /. They mclude the N%2-phenoxyethyl-
(Iy. Nf%benzyl- (I1). Ntp-hexyl- (II1), Ntp-peutyl-
IV). Niphenyl (Vi Niethienyl- (VD). aml N&2-

(T Mo Fleyshee, ALY Nakada, AL Bloel, awd R 1l J0 et
Chewy., 11, 717 (1% (L NL1n. Flevshier, AL Bloel, ML T, Hakala, awd
U0 AL Niehol, Aletriet=, 1Ak Nationul Meeting of the American Clisaieul
Speiery, Atlancie Civy, N L VIG8. Meili 25,

(R0 1AL Srroug. CTopdes to Mireobial Clicmisiey.” Joloae Witey and Snus,
lTueo, New York, No Y. TUA8, pre 12H- 131,

e dar Vo Rkooe. 110 0. Naazi. AL M. Szwevkowska, N. L Lrowmard,
. L, Carraway. T, Fogii, Lo Nelgesorn, aml R. N Loeppky, Thytovhemis-

try, 6, L1648 11967): by A Wlorie R Lepnard, amw 0 AL Nielol, Biochim.
Bivoplys. leta, 138, 11 1 14G7s,




