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ponud was prepared from 3.8 g (0.02 wole) of IIe and 0.02 mole of
HI by essentially the same procedure as described for the prepara-
tionof IVa.  Recrystallization froni abs EtOH gave 3.65 g (381
of IVer mp 168-171°; AET 226 (¢ 24,000), 291 (7000), and
A2 mp (3300). Apal. (CellLCINGO:) C, H, N, C1-,
3-{2-0x0-3-c1s-(3-methoxy-2-piperidyl )propyl] -5,6-methy-
lenedioxy-4-quinazolone (Ve).---A wixture of 2.40 g (0.005 mole!
of 1Ve aud 30 mil of 6 .V HCI wasx boiled for | hr.  The mixture
was evaporated to dryuness o o s1teant batl nuder reduced pres-
siure.  After addition of abs KtOH 1he residne was agaiu evapo-
rated to dryuess.  The <olid produet thus obtained was triturated
with KtOH and filtered to give 2.0 g (9577 vield) of white crystals,
mp 207-210°. Further recrystallization with the addition of
dry HCL yvielded Ve as its dibvdrocldoride, mp 212-214° dec.
Abzorption bauds of specira (nv, ir) were as expected.  lnal.
(CHsHaN,OL2HCT G 1, N, Clr 0 When no additional HCA
wis introdneed during recrystallization, the final produet wax
foupd to be a wounohydrochlorvide.  Inad. (CyHa N0 HCL
¢ LN, CL
3-Hydroxy-a-picoline (XIII). - To a =olntion of 106.4 g (0.17
mole) of 2-dimethylaminomethyl-5-hydroxypyridine** in 300 wl
of Me,CO wax slowly added, with stirring, 99.4 g (0.7 mole) of
Mel.  The reaction mixture was cooled in an iced H,O bath ro
keep the remperature of the reaction mixtire below 30°. The

1 AL Stempel aml 1L Buzzi, . e, Chem. Sore., 71, 2069 BTN

Nuzzony, o al.

guaterttary ammonimnn salt X1 staried to precipitate in 1 hr.
After the mixture was allowed to stand overnight at room tem-
perature, the =olid was collecred by filtration to give 14X g of
N-(3-hydroxy-2-picolyhtrimethylanumoninm - lodide (XTI s
white crystals, mp 150-160° dec. It was n=ed for the following
hvdrogenation reaction without further purification.

A =olution of 358 g 11.2 molej of X1 in 200 ml of 3, NavH
wus hvdrogenated in the presence of (L6-0.7 g of 10C N (.
The absorption of 1 equiv of Ha was enmpleted within 3 hr. The
catalyst wax tiltered and the filirare wis first ude acidiv with
AcOH, then bronght 1o pH 89 with NHLOH.  The solntion was
concentrated 1o a =wall volume.,  The resnlting precipiinte wis
collected hy filtration, washed with L), and dried in aiv. The
average vield of more than 20 runs was 9.8 g (437, 5 mp 160
1677, Receryvstallization from FOA e gave 2-hydroxy-e-picoline
ns white crvsals, mp HRA-169.0° Heo wp HG5-103°,%2 167
s Apad. CSHNO ROV TN
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Sirneture requirements for anticoceidial wetivity have been elneidated for a seriex of 4-hydroxyquinolive-i-

carboxylates.

Reeent publieations! have revealed that certain 6,7-
disubstituted-4-hydroxy-3-quinolineearboxylate  esters
are highly effective against a broud speetrum of eoceidia.
The most effeetive drugs in present use are 1, 2, and 3,
with 2 and 3 being the most potent.
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1 (Buguninolate), 1y, Ry = ~BuQ

Bs = E1

2 tDecogninate), 1Yy, = CyHaO

Re Iy = KO
3 (Mothylbenzoguate$, Ity = n-Bn
+ = PhCH.O
H:] = Jle

Certain strueture-aetivity relationshipg arve apparent
from published results.

(1) Ry = R; = Alkoxy.— Maximum aetivity is
abtuined at abaut C; with rapid fall-off beyond.
Branched-¢hain aliphaties are more effeetive than
straight-chain,

clr OO 1 Mpeneer. AL Lingle, CoND Yo, R0 Pinels, 1L Wabana, 1
FiGerimg, aml O AL dolnson, S Mool Cheon., 8, 20031 (1661 1 P Ryley.
Best, Vet .0 128, A13 4196715 J. Myrasitol., 83, 1151 i1967); J. N. Lhanbam.
Brit. Vet . 124, 208 (1968,

(2) Ry, R: = Alkoxy (R # Rs).-- Nonidentica
aliphatic ether groups in general confer higher auti-
coeeidial poteney. Aectivity seeins ta peak where Ry 1=
(Cs-C1)-0 and Ry 1= lower alkoxy.

(3) R, = Alkyl; R. = Benzyloxy. --High activity
resultz for Ry = Bu. Potency drops off where Ry <
' Hs.

(4) Substitution in the 6 and 7 positions seems to he
ossential for superior aetivity.

Qur longtime interest in this clasx of campanuds
originated  In connection  with anather problem.
Applicatious af a lead developed in another series®
gave ethyl 6.7-bix(eyvclopropylmethoxy)-4-hydraxy-3-
quinolineearbaxylate (evproquinidate), an active cac-
cidiostat.® The high biological activity of thix sub-
stance prompted a comprehensive study to include
compounds of tvpes 4-7.

The preparation of 4 and § was carried out in a con-
veutional manner as shown in Scheme 1.

Compounds of type 6 were prepared from m-acyloxy-
acetanilide (Scheme IT) and 7 resgulted by application of
the same svothetie sequence to the p-nevloxyvacet-
anilide.

2y R. H, Mizzeor, U, Guable, E. Konopka, 1. Gelzer, 1. I, Browa, 1
Pawer, 1. Szantn, (0 O Maplesden, and G oeStGaens, o Hal Chesc,
Thopress.

35 R, M. Mizzoni, F. Golde, J. Szanlyg, D, C. Maplesden, 11 Diepwn
1 Boser. and G, deStevens, Erperientrn, 34, 1188 (10G8),
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4-HYDROXYQUINOLINECARBOXYLATES

R.=CnH_,+,0
R, =alkyl
5 R, =CuH,, 4,0

VAT
R. = alkyl
6. R, = alkyl, alkcnyl

R,= A/()

R =alkyl
7. R; = A/()
R.R =alkvl

In other examples the synthesis of 6,7- and 7,8-di-
substituted 4-hydroxy-3-quinolinecarboxylates is shown

in Scheme III,

ScHiME T
OH
OH 1.NaOl 1 equiv! BzCl
2 RX ¢, H N
fuming HNO,
(ACoH, Ac,0) sap(:mflcahon
@/ RX.base @/ H, PO, |
10
OR
OR R"OCH=((CO.R™,
_—_—_
NH,
OR OH
OR’ 250 RO CO,R”
Dowtherm A @@
_—_—
RO
NHCH=C(CO,R"), 4,5
1
6a-lla, R A _o—
=CnHy 40—

6b-11b, R =CnH,p+0—
R = A\/U—-

X =Clor Br(See Experimental Section)
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Scueme 11
OCOR OH
2 AlCl RCO H. Pd
Fries rearrangement (AcOH)
— —_—
NHAc NHA¢
OH X‘
RCH \@\ e
NHAc¢
Claisen’s
j@\ alkah
NHAc
R( H.
j@ ROCH=CCORY,

RCH 210
) :J@L Dow1herm
—_—
A\/o NHCH=C(CO.R",

OH
RCH. CO.R’
O
AN
OH
6sleps A\/()m(-OJ R’
RCH. N

Claisen rearrangement of m-allyloxyacetanilide was
reported by Arnold and coworkers® to give 19.  More
recently, however, Budésinsky and Rockova® showed
that 20 is formed as a side produet. We found that the
two isomers were produced, with 19 predominating;
they were separated by fractional precipitation of the
phenols from a mixture of the Na salts. Conventional
synthetic methods then gave 24 and 29,

Biological Results. A.—As a primary screening
method compounds were tested against one species of
coceidia (Eimeria tenella) as follows.

One-day old Leghorn chicks, purchased from Sham-
rock Farms, North Brunswick, N.J. 80902, were kept in
electric brooders for 7 days. They were then divided
into appropriate experimental and control groups com-
prised of 5-10 birds each and placed into cages heated
with light bulbs. The 8-day old chicks were inoculated
into their crops with approximately 2 X 10° sporulated
oocysts of E. tenella by intubation. One day prior to
infection the regular starter feed was replaced by med-
icated diet consisting of feed with the drug incorporated
by mixing in a rotating V-shaped mechanical mixer.
Compounds were tested initially at 0.059; dose level in
the feed. In the event of positive coccidiostat activity
the dose level was reduced in subsequent experiments to
determine the minimal concentration exhibiting anti-
coceidial efficacy. Death from coceidiosis among un-

OCOR

NHAc

(41 R. T. Avnold, J. MecCool, aml E. Scholtz, J. dner. Chen. Sor., 64,
1023 (1942),

(3) Z. Budésinsky and E. Rotkova, Chem. Listy, 48, 427 (1954): Chem.,
Abstr., 49, 3880c (1955).
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Taute 1

R; :

R. R

I'rir- Yield. Mp or Ly
No. 1 Rq R cednre o 2 (mm) armula Mlalyses Noles
1 PrCO OH AeNH I 85.0 115-117 CrHENO; C, H, N (i, ir)
2 PrCO A\/() NHCH=C{CQ:Lkt), T 62-65 (Nmra I
3 PrCoO /_\\/() NH, N 45,3 85.5-88 CrHNO- N (um, i)
4 n-Bu OH AcNH J 7300 143-145 s NO, C, H, N (unr)

4 n-Bu ) AcNH Ix 7.0 77Ty CheHaN Oy C, H, N (g

G »-Bu ) NHCH=C(CO.Lit ), T Oil o

Ny
Ny
7 n-Bu /_\\/() NHCH===C(CO,Me), T Ol “«
A\/
A

% Clly=CHCH, a4 AcNH K 43.1  65-67 CalpNOs 1, N cumr)

9  CH;—CHCH, ) NH. 5 3300 98-100 (0.08) CullyNO - N {nmr) I
10 CHs=CHCH. Ny NHCH=C(CO:Et T 793 75 CuHeNO, G H N

11 CHy=—=CHCH. oif AeNH X275 165-166 CollyNO: G H, N Qe

12 nPr A_p  ANI K 70 74 CulaNO. N

1y w-Pr /_\\/U NH. = 35,0 98104 (0.08) CiHgNO N (i

14  n-Pr o AcNH K 83.4 178179 CollyNO, ¢, H, N

15 n-Pr o NHCE=COEtr T il e
16 CHyCO /_\:; AeNH 1 105 107 CillauNOs N i, iry

17 ol OH AeNH J 61,0 120123 CuHENO. ¢ H, N (i

18 CyH;y /_\\/(, AcNH K Oil (Nmr) o
19 CeHy A\/( ) NHCH=C{CO:ktit ) T 0il (Nmr) “«
20 OH n-Bu AeNH J 90,53 N3-8) Coll;NO, ) IL N dr, mnr)

2 A0 n-Bu AcNH K 6367 (N I
22 /_\\/0 n-Bu NHCH=C(COEt)y T Dark oil 1N 1ur) “
2 A aeBu NHCH=C(COMe), T Dark oil N} ‘
24 ot n-PrCO  AcNH [ 70,0 100.5-102 CollaNO; G LN dr, g

n AL ST Lo 750 162103 ClllO: Lt i)
UVANG LNO MoN02 NOASEA CuHENOe G, N o,

27 AL 1 NHCH==C(CO:Et}» N 6667 ¢, H,N

-
CEEEELE LS

) NHCH=C(CO:Me) N 7%.4  63-69

N AY! 31,0 60-61 Chellay Ny ¢ H, N s
LU I NHCH=C{CO:E, N 92,8 il «
31 H ) NOw w028 120 2y Gl NOy € H, N ()
32 H ' NHCH=C(CO:Et), N 0il /(
B AL Cl NO, W T8l 447 CoHoCINOs - €, H, N
4 /_\\/() Cl NHCH=C{CO.Et)» N 7.2 7778 CisHpCINO, C, H, N (1)
B Ay HO 1 A 342 90-04 (041 CoHuOs ¢, H i
A6 A\/u PhCO. H B 60.0 153-154 (0.4%  CxHyels ¢, H vy ‘
A PRCO:  NO. CoTSG 6N Crll,NO, O I N di

3N /_\\/n AcNH N0, Wooosd 61T ColllNOe - G H) N


CiiH2.NO-

4-HYDROXYQUINOLINECARBOXYLATES
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TasLe I (Continued)

Pro-
No. Ri R« Rs cedure
39 A\/o ACNH  NHCH=C(CO:Et)y N
40 AH A P No, W
41 ANH A_o  NHCH=C(CO:Et) N
2 A o HO NO, D
IPANGY nPr0  NO E
44 Avo n-PrO NHCH=C(CO;Et), N
CH,
ot
45 Y CHC NO Y
A o NO:
46 A/o -Bu0 NHCH=C(CO:Et)y N
VAN -AmO  NO E
48 A\/o i-AmO NHCH=C(CO,Et), N
49 A/O PhCH,0 XNO. L
50 A\/o PhCH,0 NHCH=C(CO:Et), N
51 Avo CsH:0  NO, E
32 A\/o CsH,;0 NHCH=C(CO,Et), N
53 /_\\/0 CwH20  NO;
A0 CoHaO NHCH=C(CO:Et) N
55 A\/O CloHﬂO NHCHZC(CO2;\IG)2 N
56 A/O Ci2Hy0 NO; E
x'-)7 A/O CmHzaO NHCH:C(CozEt)Q N
58 C,HnO Ao No, E
59 CoHa,0 /_\\/0 NHCH=C(CO;Et), N
60 A o GHo  NO, E
61 A\/O CuHy,0 NHCH=C(CO.Et), N
62 n-PrCO A0 ANH E
63 AcO AcO NHCH=C(CO.Et), N
64 H CanCO‘z ACNH H
65 CsHCO OH AcNH I
66 Cngg OH ACNH J
67 CoHy /_\\/o AcNH K
65 C.Hys A\/o NHCH=C(CO:Et), T
69 CoHys A o NH ]

@ Material carried through to next step-without further purification.
¢ 99,39, purity by glpc.

of one component. ¢ 98.49, purity by glpc.

medicated control birds started about 4 days after in-
fection; by day 9, 909, or more were dead.

For evaluation of coecidiostatic activity, the cumula-~
tive mortality on day 8 after infection was determined
in control and treated birds. An 809, protection was
considered a marked coccidiostatic effect.

B.—A more rigorous efficacy test against a mixed
coccidial infection was carried out in battery cages on
compounds with activity against E. tenella. One-day
old Peterson Cross (Peterson males x Arbor Acres
females) broiler chicks obtained from a commercial
hatchery were raised in battery brooders for 2 weeks

Yield, Mp or bp
A °C (mm) Formula Analyses Notes
75.8 135-138 C20H2sN:0s C, H, N (ir, nmr)
50.8 113-114 CHuN.0, G, H, N (nmr)
85.0 107-108 CaoHeN:2Os C, H, N (nmr)
47 . 7 104—105 CloH11N04 C, H, N
76.9 73-75 ClsH17NO4 N (II‘)
93.2 55-56 C2HgyNOg C, H, N (nmr)
95.0 87-90 C H;NO, C,H, N
Oil a
39.7 63-64 Ci:HaNO, N (ir)
8:).0 30—31 CstssNOs C, H, N (II‘)
80.0 91-92 CiH7NO, C, H, N (ir)
Oil a
93:) 48—49 ClsN27NO4 C, H, N a
Oil (Nmr) a
72.0 59-61 CaH; NO, C, H, N (umr, ir)
95.0 41-43 CasHNOs (Nmr)
Oil (Nmr) a
Amorphous (Ir) a
Oil (Nmr, ir) a
81.2 61-62 CooHs NOy (Nmr)
Dark oil (Nmr)
69.0 63-64 CaH3NO, C, H, N (ir)
Quant 56-57 CsHsNOs C, H, N (nmr)
52.3 128-129 CisHaNO; N(nmr)
879 124*125 CmHz{NOg C, H, N (Ill’XlI‘y II‘)
84.0 43-45 CuHxNO; G, H, N (ir)
55.0 105-107 Ci7HasINO3 N (nmr, ir)
610 120—123 CnHwNOz C, H, N (II‘)
Oil (Nmr) [/
Quaut Oil (Nmr) a
Oil (Ir) a

b Glpc analysis indicated 999, purity, ¢ Tlc indicates presence

before the test. Ten birds, 5 males and 5 females, were
randomly selected for each group. The treatments
were replicated 2, 3, or 4 times. Feed was available to
the chicks ad libidum. The medicated feed was offered
starting 2 days before infection, the only feed through-
out the trial period. The coccidial inoculum was pre-
pared by mixing a calculated number of sporulated
oocysts from pure cultures of E. acervulina, E. brunetti,
E. maxima, E. necairiz, and E. tenella. The inoculum
was administered into the erop to each individual chick
with an automatic pipetting syringe equipped with a
No. 7 venous cannula. The eriteria of anticoccidial
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ScHiae 111

OCH.CH==CH_

CHAOH=(H

OJl
+
NHA« CHCH=CL,
19 20
A
CH,CH==CH. CH.CH =l

oD \/A on

‘.)pum b1 GoR O
Pr

\H(l)(ll NIAC
22 2 25

Jl-luu'll::u‘()_li(*
CHAH=

A/ l\ll( = ldt:

N

250

Dowlberm A

Ol1
CH.==CHCH.

24

aetivity were weight gain, feed conversion, survival,
fecal dropping score, and ooecyst output.

Discussion of Biological Results

The beneficial results noted for ethyl 6,7-bis(ey-
clopropylmethoxy)-4 - hydroxyquinoline-3-carboxyvlate
{eyproquinidate) were increased substantially by re-
placement of one of the ether groups by a long-chain
alkoxy substituent. The greatest effect was attained
with  ethyl 6-cyelopropylmethoxy-7-decyloxy-4-hy-
droyxquinoline-3-carboxylate (83, Table III), although
the 7-octyloxy (81) and 7-dodecyloxy (84) were almost
as active. A less beneficial effect was noted with the 7-
cyclopropylmethoxy-6-decyloxy isomer (88).

Anticoccidial activity was also demonstrated for
ethvl  7-butyl-6-eyvelopropyvimethoxy-4-hydroxyquin-
oline-3-carboxyvlate (95); the 6-butyl-7-cyvclopropyl-
methoxy compound, however, was less active than its
isomer.  Furthermore, unsaturation in the alkyl group
(92) or introduetion of an oxo function (100) lead to a
decrease in activity.

Shifting the carbethoxy grouping to the 2 position
{101, 102) was detrimental to the anticoccidial effect.
Furthermore, moving the 6-alkyl to the 8 position lead
to a.deercase in activity.

()\/A
s ik an

ll«imt'H=w'< .

o \/A
,"/\*\/1»

NHCH==(1 (0.1
28

The requirements for optimal anticoceidial activity
within the context of thisstudy. therefore, wonld appear
to be: (1) appropriate substitution t the 6 and 7 posi-
tions; (2) a 4-hvdroxy fanetion (unpublished resnlts
show that transference of this gronp to the 2 positiar s
detrumental); and (3) a 3-carbaikoxy group.

Experimental Section

Melting point~ and boiling pointx are micorrected.  Procedires
are typical aud are adaptable with minor chauges where indicared.
Procedure A. 2-Cyclopropylmethoxyphenol.--A mixture «f
55.0 g (0.5 mole) of catechol, 20.0 g (0.5 niole) of NaOT tpul-
verized pellets), and 250 ml of anhydrons StOH was refluxed for
1 hr with stirring under N..  Precipitation of the Na salt acenrred
during this period. Cyclopropylmethyl bromide (86.9 g, 0.55
mole) was added over 15 min, followed by stirring and refiuxing
for 24 hr. The reaction mixture was councentraied ro abomn
oue-third the original vol and dild with H.O. The prodiiet was
extracted with several portions of CHyClL. The washed extraci
was dried and stripped of solvent. The oily product wus distilled
in vacuo, bp 83-91° (0.1 mm) (43 g). Redistillation gave 280 g
of material, bp H0-94° {0.4 mn), with a purity of 98547 hy glpe.
Procedure B.  ¢-Cyclopropylmethoxyphenyl Benzoate. - A
mixture of 6.8 g (0.17 wmole) of NaOH (pulverized pellets), U8.3
g of the catechol mouoether, and 100 ml of anhydrous EtOH wax
refluxed and =tirred for 0.6 hr. The fAuffy solid was filtered oIl
on cooling and dried qnickly on o Bachner funnel. The solid was
suspended in 300 ml of CgHs and stirred nuder N while 23,9 ¢
0.17 mole) of BzCl was added, dropwise at 25°. Temperature
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No.

70

71

79
80
S1

82

86
87
88
59
90

91

93
94
95
6

97
05
99

100

@ All compds were analyzed for C, H, N.

n-PrCO

Ci
AcNll

ANH
ANg:
n-PrO
-BuO
7-AmO
CsH1:0
C 20
CiH20
C1H2,0
C1:H20

PhCH:0

n-Bu

R,

R,

Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5 875

Tasre 11
OH
COR,

®

YVield, Ewmpiriealt
Rs % Mp, °C formula
EtO 79.6 290-290. 5 dec CiHysNO;
MeO 52.0 269-272 dec CisHaNOs
EtO 69.4 299-302 C»HuNO;
EtO 63.9 265-268 CisHisNOy
E1O 66.4 293-294 dec Cis1CIN O,

AMeO) 49.0 1831584 Cr:HisN40;
110 33.2 280-285 dec CisH2oN,0;
NHNH. 95.6 265-267 dec CisHa N304
EtO 70.8 273275 dec CisHasNO;
EtO 283 CyHuNO;
EtO 74.6 269-270 dec CaHyNO;
EtO 34.5 256258 CpH5:NO;
MeO 16.0 253-254 Co:Hs:NO;
EtO 64.5 233-254 CasH3rNO;
EtO 27.8 210-213 CiHyNO;
LtO 60.0 237-238 CsoHyNO;
LtO 33.9 294-295 dec CysHyNO;
EtO 22.3 325-327 CisHaoN 205
EtO 26.1 234-235 CosH3zzNO;
MeO 38.1 285-287 dec CisHsNOy
EO 36.4 292-293 dec CyoHa:NOy
L0 48 .4 292-293 CraHNO,
EtO 55.0 293-295 CisHaNO,
11O 11.4 255 CysHysNOy
MeO 61.7 257-259 dec CsHasNOy
EtO 68.0 259-261 dec CaHaNO,
EO 73.0 285 CyHzNO;
L0 50.0 287-289 dee CiHuNO;
EtO 57.5 311-313 dec CisH1:NO7
EtO 63.9 >290 CiH\sNO,
EtO 77.8 298.5-299 dec CoHNO;

control was effected with an ice -water bath. Stirring was con-

tinned for 4 lir at roonn temperatine,
with 200 ml of 267 NaOH and 200 ml of 11,0.

The mixtnre was washed
The dried extract

was stripped of solvent aud the oily residie distilled, bp 152-155°

(0.4 mm) (27.8 g).

Procedure C. 2-Cyclopropylmethoxy-5-nitrophenyl Benzoate.
—-To a mixture of 75 ml of fuming HNO, and 1100 ml of AcOH
was added dropwise with efficient sdrring a solution of 78 g of
o-cyclopropylmethoxyphenyl beuzoate in 75 mi of Ae;O. During
the addition (15 min) the temperature rose to 55°. After 5 hr
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Tapre 111

OH
R,
OF*
R. N
Yell Lanpsirieal?
N R, R s ‘o Mp, ¢ tormnla
101 (VANGY IRVANGE 2CO 235 162 163 CaHuNO;
102 (;-q)l 7-[]\/(1 2-COL L oY 184183 CpHuNO,
105 (- /_\\/() %-Cll, G-COLI0t 7400 203.0-208.8 ChllaNO,
104 (S-A\/() 5-CF; 3-COsE i1 193196 CysllsFyNO,
105 T-A\/n 8-Pr 3-COL0 764 102193 CrllaNO;
< Al compds were analyzed for ¢, 1, N.
TapLe 1V was refluxed for 2 Iir nnder N, The cooled solntion was treated
N o A e e with 300 ml of H;O) and then acidified with 40 ml of coucentrated
‘(,0('(,11)1().51_\11(, Acrviry o . HCL  The prodnet was extracted with 400 ml of CH.Cl.. The
(‘”memm_[" teaelln== = ’Ej;;'n_c'er'?:r':d infection - extract was then stirred for 2 hr with 500 ml of 105 aqueons
Lion of dimg dian of droe l\ﬂ.H(v/(.)g. The layers were separated aud the extract \\'a§he(l
N, n feed, 17 Activity in feol, € Actlvity ouce with 100 mi of H:Q.  The organic layer was dried (MgS0s)
70 0,002 \arked 0.001 Varked a}1(l evaporated, leawng.a yellow pl'o('inc.t (13.0 g) mp 10.4~1()5°.
- ()'()2_) T\'Iarke(l : - : i\ h(;e ‘prodm:t was essentially pure as indicared by analysis, mnr,
e ‘ and ir.
2 0.025 Insigunificant 0.01 Inuctive Procedure E. 2-Cyclopropyimethoxy-5-nitrophenyl Tetra-
7+ 0.025 Marked 0.0125 Inactive decyl Ether.- A suspension of 10.0 g (0.048 mole) of 2-cyclo-
7 0.05 Tusignificant propylniethoxy-3-nitrophenol in 90 nil of PhMe was mixed with
i 13.05 Insignificant 1.92 g {0.048 niole) of pulverized NaOl pellets. The mixture
77 0.0125 slight was stirred nnder Ny at reflnx temperature for 1 hr. A red salt
78 0.01 Varked separated ont during the reaction. After removal of the solvent
74 0006 Varked 000075 Marked i/‘L Lacuo th_e residite was nixed with 90 ml of 'I)I\IFX 0.25 g of
<0 0.005 \arked N%I, and 15.2 g (()_.1045 tiole) o'f 1e1,rade(::\'l bromide [bp 176-177°
;” l).O()O" -\I‘ Ked 0025 Marked (15 i j; g_lc,iﬁ)l’,(, purity]. The reaction was allovg'ed ta pro-
" Dot slarked 000025 Markec ceed with stirring at 120° for 20 hr.  The cooled reaction mixture
82 0.025 Marked was diluted with 400 ml of H,0, and the tan precipitate was
35 0.0001h Marked 0.000! Marked extracted with CH:Cl.. The product, obtained on removal of
R4 0.001 Marked 0.0005 Marked the solvent, was recrystallized fromn a small amonut of hexane
N3 0.0025 Marked (13.5 g, 69¢7), mip 63-64°.
x6 0.025 Voderate Procedure F. Diethyl [(4-Cyclopropylmethoxy-3-tetradecyl-
87 0.05 Tnsignificant oxyanilino)methylenelmalonate‘---—;\ solution of 13.5 g (0.033
<N 0.00125 Varked _mole) of 2-(-yCl()})rop)'}methoxy-5-nil1'<)phe11yltetradecyl ether
<0 025 Moderato i 100 ml of anhydrous EtOH was h;fdrogeng,led al 3 atmospheres
o0 ()'0;_) 'I“;i nifi . in the presence of 0.5 g of Pt(l.. The solution was reflixed with
' e sgniteant 7.1 g (0.033 nwole) of diethyl ethoxymethylenemalonate for 5 hr.
o1 0.04 Moderate The catalyst was filtered off and the solveut distilled in vacuo.
02 0.05 slight The product (18.0 g, 100Y%), mp 56-57°, was essentially pure by
Hs (1.005 Marked attalysis and nmr.
04 0.0005 Marked Procedure G. Cyclization of Substituted Dialkyl Anilino-
93 0.0005 Marked methylenemalonates.—-In general the componnds were dissolved
ot 0.006 Varkel 0.001 Varked in 6-10 parts of Dowtherm A und refluxed for periods of 6 to 20
o7 0.A Tusignificant 111'111. Beneficial effects ave obtained by remtoving formed If]t:OI'l
X 0.07 lniiéniﬁcam .\\'1th. a slream of _\ In most cases the p.r0d1.1ct‘s were qbtamed
W’ ) ’0.)_ , i in high purity. 'They were geuerally quite 1115()111blg i niost
i ). = nsiguificant solveuts and may frequently be recrystallized from boiling DMF,
L0 0.025 Tusiguificant Example.- ~A solution of 18.0 g of diethyl [(4-cyclopropyl-
101 0.01 Insignificant nietlioxy-3-tetradecyloxyanilino yniethylenej malonate in 110 ml
102 .01 Insignificant. of Dowthernt A was refluxed at ca. 253° for 8 min.  The reaction
1033 0.5 Insignificant 0.01 Insignificant lmixtnre was cooled to room temperatire and dilnted with a
104 0.025 Insignificant large vol of peutane. The filtered solid was washed thoroughly
105 0.025 Insignificant with pentane and dried at 80-100 in vacwo. The product (10.0 g,

the mixture was diluted with an equal vol of ice-water and stirred
overnighr.  Two such ruus were combined and the product then
was extracted with several portions of CHyCl.. The extract was
waslied with HaO and dried. Removal of the solvent gave a
vellow oil. Trituration with pentane followed by solution in
-PrOH and earveful dilution with pentane (with chilling and
seratehing) gave 144 g of a white solid, mp 68°. 'The struceture
was coutitmed hy analysis and e,

Procedure D. 2-Cyclopropylmethoxy-5-nitrophenol.-—-A solu-
tion of 40 g of 2-cyclopropylmethoxy-5-nitrophenyl benzoate,
160 ml of 95397 EtOH, and 11.5 g of NaOH (pulverized pelle1s)

60¢7%), mp 237--238° was essentially pure by analysis and nmr.

Procedure H. p-Acetamidophenyl Butyrate.—A solution of 60
g of p-hydroxyacetauilide aud 44 g of PrCOCI in 200 ml of pyri-
dine was allowed to stand for 3 Iir at room temperatiure. A crys-
talline praduet separated out during the reaction period. The
mixture was diluted (H.t)), aud the precipitate was filtered and
washied thoronghly with 11,00 until the odor of pyridine had
disappeared. Recrystallization from -PrOH gave 65.3 g (74.3¢7)
of produet, mp 144.5-146°,

Procedure 1. 3-Butyryl-4-hydroxyacetanilide.---A miixture of
53.3 g of p-acetamnidopheny! butyrate and 79 g of anhydrous
AICL was heated carefully to 175° (bath temnperature) with
vecasional hand stirring. A slow evolution of HCI took place.
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After 0.5 hr the mass was ground in a mortar and reheated as
before for 2.5 hr, The cooled solid was added to a mixture of
ice and 2 N H.80, and stirred until crystalline. The product was
filtered off, washed freely with H,O, and then dissolved in 5%
NaOH, The filtered solution was acidified with AcOH, The
washed and dried product was recrystallized from CsHs to give
42.3 g of material, mp 100.5-102°. A second crop (2.6 g) had
mp 99.5-99.8°.

Procedure J. 3-Butyi-4-hydroxyacetanilide.—A solution of
45.8 g of 3-butyryl-4-hydroxyacetanilide in 500 ml of AcOH was
hydrogenated at 35.15 kg/cm? in the presence of 15 g of 109,
Pd~C. The catalyst was filtered off and the solvent removed
in vacuo. The colorless oil was triturated repeatedly with hexane
and crystallization was induced by chilling the hexane suspension
in a Dry Ice bath with scratching (37.5 g), mp 83-85°. Anal.
(CiHiyNOy) C, H, N.

Procedure K. 3-Butyl-4-cyclopropylmethoxyacetanilide.—A
solution of 37.5 g of 3-butyl-4-hydroxyacetanilide in 100 ml of
DMF was added over 0.5 hr to a suspension of 8.2 g of NaH
(56.99% oil dispersion) in 100 ml of DMF (under N;) with stir-
ring. Temperature was controlled by an ice bath. After 1 hr
at room temperature 43.0 g of cyclopropyimethyl bromide was
added over 20 min. The reaction was exothermic to 50°; stirring
was continued for 5 hr at 753°, The cooled mixture was filtered
and the solvent removed in vacuo on a rotary evaporator. Petro-
leum naphtha was added and crystallization induced by chilling in
a Dry Ice bath and scratching (54.0 g), mp 65-67°.

Procedure L. 1,2-Bis(cyclopropyimethoxy)benzene. a.—To
a solution of 11.0 g of catechol in 380 ml of DMF there was
added, with stirring under N;, 11.3 g of commercial NaOMe.
The solution was stirred for 1 hr at 40-45°; 32.8 g of cyclopropyl-
methyl bromide (859, by gipc) was then added over 0.5 hr. The
mixture was stirred for 16 hr at room temperature and then for
3 hr at 75°. The pH was adjusted to ca. 5 after dilution with
H:0 and the product taken up with several portions of CH;Cl,.
The combined extract was washed with 1097, NaOH and once
with H:O. The solvent was removed and the product distilled,
bp 162° (13 mm) (14.9 g, 68.3%,).

b.—To a suspension of 8.6 g of NaH (567, oil dispersion) in
200 mi of DMF a solution of 11.0 g of catechol in 180 ml of DMF
was added at 10°. The mixture was stirred for 2.5 hr at room
temperature; 32.8 g of cyclopropyimethyl bromide (849, by
glpe) was then added over 45 min. Stirring was continued for
18 hr at room temperature. The solution was cooled with the
cautious addition of 100 ml of H:O. After further dilution with
1 1. of H:O the product was extracted with 4 portions of CH,Cls.
The extract was washed with 109, NaOH and H,O. The dried
extract was stripped of solvent and the residue distilled, bp 160~
164° (13 mm) (16.5 g, 75.6%,).

Procedure M. 1,2-Bis(eyclopropyimethoxy)-4-nitrobenzene.
a.—A solution of 12.0 g of NaOH in 30 ml of H,O was added to
a solution of 20.5 g of 4-nitrocatechol in 40 ml of 959, EtOH with
stirring under N,. After 15 min the solution was diluted with a
large vol of Me;CO. The salt was filtered under N, washed with
Me,CO, and dried in a vacium desiccator. A 39.2-g quantity
of the salt thus obtained was dissolved in 900 ml of DMSO and
warmed to 50-35° under N.. A 46.4-g quantity of cyclopropyl-
methyl bromide (859, by gipc) was added dropwise with stirring,
After 6 hr at 60° the mixture was poured into ice~water. The
solid was filtered off and recrystallized from ~PrOH (16.5 g),
mp 78.5-79.5.

b.—Vigorously stirred, 1:1 aqueous HNO; (60 ml) was main-
tained at room temperature while 11.6 g of 1,2-bis(cyclopropyl-
methoxy)benzene was added portionwise over 0.25 hr. After
2.5 hr the heterogeneous mixture was poured over cracked ice.
The product was extracted with 3 portions of CH,Cl,, and the
extract was washed with H;O until the washings were neutral.
The dried extract was evaporated to dryness and the residue
recrystallized from -PrOH (9.0 g, 64.49;) mp 80-82°. The
substance was identical with that derived under a by ir and nmr
analyses.

Procedure N. Diethyl 3,4-Bis(cyclopropylmethoxy )anilino-
methylenemalonate.—A solution of 13.2 g of 1,2-bis(cyclopropyl-
enemethoxy )-4-nitrobenzene in 120 mil of anhydrous EtOH was
hydrogenated at 2 atm with 1.0 g of PtO,. Theoretical uptake
occurred within a short time. The mixture was combined with
11.5 g of diethyl ethoxymethylenemalonate and refluxed under
Nz for 3 hr. The catalyst was removed by filtration; the residue
remaining on distillation of the solvent was dissolved in a small
amount of pentane and chilled. Scratchingeffected crystallization

Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5 877

of the product (15.7 g), mp 66.5-67.5°. A second crop was
obtained (2.4 g), mp 66-67°. Both crops were analytically pure,

Procedure P. Cyclopropylmethyl 4-Nitro-3-trifluoromethyi-
phenyl Ether.—A solution of 20.0 g of 3-trifluoromethyl-4-
nitrophenol in 100 mi of DMF was added slowly with stirring
at 5~10° to a suspension of 4.3 g of NaH (569, oil dispersion) in
100 mi of DMF under N;. The mixture was stirred for 2 hr at
ice bath temperature and 5 hr at room temperature, and was
followed by the addition of 15.3 g of cyclopropylmethyl bromide
(919, by glpc) over 10 min. Stirring was continued for 18 hr at
room temperature and then for 6 hr at 70-80°. The solvent was
removed as far as possible in vacuo. Addition of H,O gave a
crystalline material. The product was extracted twice with
CH.Cl,, and the extract was washed once with 5%, Na,CO; and
once with H;O. The dried extract was stripped of solvent to give
a mass of slightly oily crystals. Sublimation ¢n vacuo yielded
15.7 g of product, mp 46-48°. The structure was verified by
nmr.

Procedure Q. Diethyl 4-Cyclopropyimethoxy-2-trifluoro-
methylanilinomethylenemalonate.—The product of procedure P
was dissolved in 100 ml of anhydrous EtOH and hydrogenated
at 3 atm in the presence of 0.8 g of PtO,. Theoretical uptake
occurred within 10 min. The resuitant mixture was refluxed
with 13.0 g of diethyl ethoxymethylenemalonate for 3 hr. The
catalyst was filtered off and the filtrate concentrated as far as
possible in vacuo. The material which crystallized on cooling
was broken up and triturated with cold pentane. The product
obtained on drying (22.0 g), mp 35-38° was essentially pure by
analysis and nmr.

Procedure R. Ethyl 6-Cyclopropyimethoxy-8-trifluoromethyl-
4-hydroxyquinoline-3-carboxylate.—Cyclization of the above
material was accomplished by refluxing in 220 ml of Dowtherm A
for 20 min, The cooled mixture was diluted with pentane. The
substance thus obtained was recrystallized from -PrOH (Norit)
to give 8.4 g, mp 195-196°,

Procedure S. 4’-Amino-2'-cyclopropyimethoxybutyrophenone.
—A solution of 7.2 g of 4-acetamido-2-cyclopropylmethoxy-
butyrophenone and 75 ml of Claisen’s alkali was refluxed with
stirring for 1.5 hr. It was diluted with 125 ml of H,O and ex-
tracted with 3 portions of CH,Cl;. The extract was washed once
with H;O and dried (MgS0,). An off-white solid was obtained
(5.0 g) which was purified by sublimation (4.8 g), mp 85.5-88°
(Table I). In other cases the crude amino compound was nsed
without further purification.

Procedure T. 4-(Diethyimalonyimethyleneamino)-2-cyclo-
propylmethoxybutyrophenone.—The product of procedure S was
combined with 4.45 g of diethyl ethoxymethylenemalonate and
35 ml of anhvdrous EtOH and refluxed for 3 hr. The solvent
was removed at the aspirator to give a light yellow, viscous oil
which crystallized on cooling and scratching, mp 62.5-65° (8.0 g).

Procedure U. Ethyl 6-Butyryl-7-cyciopropylmethoxy-4-hy-
droxyquinoline-3-carboxylate.—The foregoing material (8.0 g)
was cyclized by refluxing in 80 ml of Dowtherm A for 6 min.
The product, which separated on cooling and dilution with hexane,
was filtered, washed successively with DMF and ether, and then
dried, mp 298.5-299° dec.

Procedure V. Ethyl 6,7-Bis(cyciopropyimethoxy )-4-hydroxy-
quinoline-2-carboxylate. —A solution of 19.4 g of 1,2-bis(cyclo~-
propylmethoxy )-4-nitroenzene in 200 mil of anhydrous EtOH
was hydrogenated at 3 atm in the presence of 0.8 g of PtO,.
The resuitant mixture was refluxed for 3 hr with 15.5 g of diethyl
oxalacetate. The solvent was removed leaving 33.6 g of oily
residue. This substance was combined with 340 ml of Dowtherm
A and refluxed for 10 min. A precipitate formed on pouring the
cooled solution into a large vol of hexane. The gum which re-
mained was freed from Dowtherm A by repeated solution in
CsHs and precipitation with hexane. The crystalline material
which formed was recrystallized ouce from Me,CO and twice
from ¢-PrOH, (7.0 g) mp 162-163°.

Procedure W. Typical Procedure for Alkylation of Substituted
Nitrophenols.—A solution of 26.1 g (0.15 mole) of 2-chloro-4-
nitrophenol in 50 mi of DMF was added to a suspension of 6.5 g
(0.15 mole) of NaH (55.79, oil dispersion) in 75 ml of DMF with
stirring under dry N,. The reaction was mildly exothermiic.
Stirring was continued for 4 hr at room temperature. Following
the addition of 32.0 g (0.2 mole) of cyclopropyimethyl bromide
(85% by glpc) the mixture was stirred for 5 hr at 75°. The alkyla-
tion was initially exothermic. The suspension was filtered and
the solvent removed in vacuo on a rotary evaporator. H,O was
added and the product extracted with CH:;Cl., The dried, H.O-
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washed exiract was concentrated aud chilled in an ice bath nntil
crystallization ocemrred.  'The low melting solid was dissolved i
A0 mil of +-PrOH aud chilled in a Dry Ice bath with the addition
of a small amount of hexaue to give 27.0 g of 2-chilaro-l-cyvelo-
propylniethoxy-4-nitrobenzene, mp 43--47°.

Procedure X. Claisen Rearrangement of oi-Allyloxy Acet-
amide.—The m-allvloxy acetamide wax rearranged in PhiNMe.
according 1a the procedure deseribed by Arnolbd, «f a/.* There wasx
obtained 34.7 g of mixed ixcmmers, mp 133-140°, from 3%.6 g of
starting ether, Neparation was accomplished as follows.

The phenolic mixture was dissolved 1 243 ml of 1 .V NaOH
and fractionally precipitated (7 fracionsi by addition of 0.3
N HSS0, in inerentents to complete nemralization.  The first 3
fractions of mp 1A7-163° were combined and recrystallized from
H20 to give 10.5 g of 3-hydroxy-4-allvlacetanilide, mp 165-166°.
Structural verification was made by umr determination (DNMS(

The las1 2 fractious of mp 135-149° were fouud 1o be a mixture
of the above material with 2-allyvl-5-hydroxyaceranilide,  Puriti-
cationn was accomplished hy 3 fractional reprecipirations and
final recrystallization from agueons MeOH, mip 146-147°.

Procedure Y. 2-Cyclopropylmethoxy-5-nitrophenyl 2-Meth-
allyl Ether.-—A =olntion of 068.0 ¢ of 2-cycloprapylimethoxy-3-
uitropheuyl henzoate in 500 ml of 95 I$tOH wax mixed with 23
g of 509 NaOH and refluxed for 2 hr. The ~olution was dilated
with 300 ml of H.) and disiilted /o vacio to remove ItOTIL

MiuzzoNt, of .

The residue was diliited with a farther 500 ml of Hy) and chilled
in an ice bath,  Aecidification with 60 ml of concentrated HCH
produced a vellow eryvstalline prodact, which was extracted with
A00 ml of CH.CL. The extract was =<iirred overnight with 500
mi of 1000 NaHC Oy The »wganic layver was waszhed with 2000 1l
of Hat) and then evaporated to dryuess nnder reduced pressnre
$31.0 ). The residne was dissolved i 100 mi of DMF. To this
wix added 200 ml of Celly, 0.9 2 of Nal, and 8.7 2 of NaOH,
The solntion was reflnxed and HaQ) was removed s formed.
The =chition wix combined with 20 g of wethatlyl chloride and
refluxed for 3 . After dilntion with 2000l of H.0, Coli was
removed g rarg. The ervstalline <olid was tiltered and washed
with 110, Reerystallization from IO gave 730 g of eyelo-
propylmethyl-2anethallyi-4-nitrocaterhol, mp 87-90°.

6,7-Bis(cyclopropyimethoxy )-4-hydroxy-3-quinolinecarboxhy -
drazide. - A unxture of 3.0 g of cthyvl 6.7-bizcevelopropyl-
methoxy j-hydroxy-3-quinolinecarboxylate, 3.5 g of NoIy- H,0
W9, and 50 ml of anhvdrons FiOH was lleated {or 12 hrom
[50° in o xealed tuhe. The vellow product v1LO gi was fillered.
iy 265--267° e, and fonnd 1o he essemially prre.
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The euhanced anticoceidial actvity of 1-[(4-umino-2-cyclopropylmethyl-5-pyrimidylmethyl] picolinimn and

Intidinium salts ix show.

Comparisons are made with other 2-cycloalkyl- and 2-cycloalkylniethyl derivatives.

The structure of the 2 substituent in the types investigated was found to be critical.

In an excellent discussion of thiamine antagonists
Rogers! outlined the parameters required of this class of
antimetabolites as anticoceidial agents.  The data show
that certain variations are possible in the 2 or 5 posi-
tions for retention of activity. Alteration of the 4-
amino group, however, leads to a loss of biologieal ac-
tivity.,  Optimum anticoeeidial activity was obtained

in 1.
*NH, A
N JTCH:—X@ 2017
R/LT\O' R’

! = T, Pr, C.F.
1= 2-3e, 9,40(Mod, 4-Me, 2-Me-5-I
1

The importance of the 2 substituent in determining
the degree of anticoeeidial aetivity iz demonstrated in
the current literature.  Thus, the Et derivative is less
active than the #-Pr derivative, whieh in turn is more
effective than the n-Bu or <-Bu derivatives. 2-Cyelo-
alkyl moieties, however, have not been investigated,
although ot the basis of bond leugth alone eyelopropyl-
methyl approximates rather closely the length of n-
Pr (Chart 1). Consequently. substances bearing this
substituent were prepared ax <howu in Seheme 1.

1) L. Y. Rogers, Ann. N. ¥. Acad. Sci., 98, 412 (1962).

'[he 2 substituent was further varied to include eyclo-
propyl. evelobutylmethyl, and evelopentyl as a further
test of the range of activity possible with these types of
substituents.

The synthetic sequence employed conventional reae-
tions, and geuerally proceeded as expected. In one
departure from the procedure outlined in Scheme I,
4-amino-2-cyelobut vlmethyl-5-cyvanopyrimidine was hiy-
drogenolyzed directly to the S-earbinol (Scheme 1I).

Biological Test Methods. A.--One-day old Leg-
horn chicks (Shamroek FFarms, North Brunswick, N..J.
08902) were kept in eleetric brooders for 7 days
They were then divided into appropriate experimental
and control groups comprising 5-10 birds and placed
into eages heated with light bulbs. The 8-day old chicks
were inoculated into their erop with approximately
2 X 10 sporulated oocysts of Erdmeria tenella by incu-
batiot.  One day prior to infeetion, the regular starter
feed was replaced by medicated diet, consisting of feed
with the drug incorporated by mixing in a rotating V-
shiaped mechanical mixer. Compounds were tested
initially at 0.0597, dors level in the feed. In case of
coceidiostatic activity, the dose level wis reduced in
subsequent experiments ta determine the minimal con-
eentration  exhibiting  anticoceidial  efficacy.  Death
from  coceidiosix amang unmedieated  control  birds
started approximately 4 days after infeetion and by the
xth day, 909, or more were dead.



