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and mixed infections. Thus, maximum anticoccidial 
activity was attained for the 2,4-lutidinium and P-picol- 

( H ( H ( H  CH -CH,CH inium derivatives (9, Scheme I ;  R = 2,4-I\Ieo., and 
r o 3 r i  0 0 0 6  4 1048 +0028.4 2-Me). The corresponding 2-cyclobutylmethyl homo- 

logs showed a much lesser anticoccidial effect. The 
2-cyclopropyl compounds however, mere effective in 
this infection, though less so than for 9. Enlarging the 
ring size to 2-cyclopentyl and 2-cyclohexyl homologs 
causes a considerable decrease in activity. 

- 
For evaluation of coccidiostatic activity, the cumula- 

tive mortality on the 8th day after infection was de- 
termined in control and treated birds. An SOY0 pro- 
tection was considered a marked coccidiostatic effect. 
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B.-The efficacy tests against mixed coccidial in- 
fections were carried out in battery cages. 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 
before the test. Ten birds, 5 males and 3 females, were 
randomly selected for each group. The treatments 
were replicated 2 ,  3, or 4 times. 

Feed and HzO were available to the chicks ad zlbitum. 
The medicated feed was offered starting 2 days before 
infection and it was the only feed throughout the trial 
period. The coccidia inoculum was prepared by mixing 
a calculated number of sporulated oocysts from pure 
cultures of E. acewuliva, E .  ?iecatiis ,  and E.  terzella. 
The inoculum was administered into the crop to each 
individual chick with an automatic pipetting syringe 
equilqwd with a S o .  7 venous cannula. The criteria 
for n~c~:t~urenicnt of niiticoccidial activity were weight 
gain, feed converiiori, hurvival, fecal dropping score, 

Biological Results.-The relative ariticoccidial ac- 
tivities of compounds tested in this series is (from Table 
111) : 25 > 24 > 29 > 28 > 26, 27, in both E.  tetiella 

:tt1tl oocyht output. 

Experimental Section 
Melting points and boiling points are uncorrected. 
Cyclopropylacetonitri1e.-Prepared by the method of Friedman 

and Schechter,2a wit,h minor changes, as shown below. Von 
Braun and collaboratorszb utilize cyclopropylmethylbromide and 
KC?: in aqueous EtOH. 
,4 solution of 103.8 g of NaCN in 800 ml of DlISO was warmed 

to .55-60" and treated with 253 g of bromomethylcyclopropane3 
(vigorous stirring) over 1.25 hr. Periodic cooling with HZ0 was 
required. The reaction was maintained at 70" for 2.5 hr. It was 
then cooled, poured into H20, and extracted with five portions 
of Et20 (1300 ml). The extract, was washed once with 100 ml of 
ice-cold 6 S HC1 and once with 100 ml of H?O. The dried extract 
was stipped of solvent and the product distilled, bp 148-150" 

The following procedures are typical of those employed in the 
synthetic work, arid were used throughout with minor modifica- 
tions. 

Ethyl Cyclopropylacetimidate Hydrochloride.--A solution of 
358.1 g of cyclopropylacetonitrile in 218 g of anhydrous EtOH 
at 0" was treated with 167 g of dry HC1. Theroretical uptake 
took place diiring 2 hr. The homogeneous solution was diluted 
with 200 ml of  anhydrous Et& and refrigerated at  -20" for 18 

(116.5 g). Anal. (C6H;X) C, H, S. 

(2) [a) L. Fr iedman and  H. Scliecliter, J .  Ory. Chem.,  26, 8ii (lY60); 

(3) J. S. Meek a n d  J. JV. Rowe, J .  Amer .  Chem. Sac., 17 ,  6675 (lY55). 
(11) J. Y .  n r a u n ,  31. Iiulm, and  S. Siddiqui, Ber. .  59B, 1081 (1926). 
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iiig and addition of 
was filtered, washed 

4.3 g. nip 84" dec). A second 
crop separated on  the further additi Et& (132.0 g? mp X4" 
tlec). The combiiied crops were re llized from anhydroiia 
l < t O I I ~  Et2(); I I U  change i n  me IY~lll~rrti. X[J impluve- 

iiidiraieti a high order of piirit>-, ho\\-ever. 
Cyclopropylacetamide ,HCI.~--d soliiliuii o f  276 :: of et 1 1 ~ 1  

c~yc~Iopropglacetai~iidate~~~C1 iii  220 nil of ailhydrous El011 \\;I* 

Illell1 I'C'Slllted O I I  flllthel' l'C' 1Iiz:ttioil. Ariiilysis I)y 11111i' 

chilled t o  cu. - 5 "  iii UI I  ice-salt bath, aiid treated, n.ith stirring, 
with 165 ml of saturated ethanolic S H s  (saturated at' 0") added 
rapidlv. The solliewhat exothermic reaction was cooled rapidly. 
itrid stirred at. ice-bath temperatiire for 3 hr. Slightly txisic: 
conditiolis were mltiiitaiiied by addition of small qiiaritities of 
rthaiicilic- SITn. The w l i i t  ion \vas concentrated in W L C I L O  to w. 
oire-ttiii,d vtrl. ('hillii~g :tiid mxtchiiig gave a n i w  of white c 
t : i h ,  E t 2 0  w:~a :&led c.:trefully with sw-irling slid fruther chi1 

[JIWdUd wac filtered, washed with EtzO, aiid vwtiimi dried 
Itecrystallizatioii from i-PrOH-- -1 g, Wr;,  nip 123.3-~126°~. 
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TABLE 111 
NH i+ 

N O .  n 

24 4/ 
2;  4/ 

9/ 
27 0- 

30 0- 
31 G- 

26 

28 A, 
29 A 

a Structural verification by nmr. 
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EtzO and drying a t  60' (0.1 mm) gave analytically pure material. 
4-Amino-2-eyclopropyI-5-pyrimidinecarbonitrile.-~ solution 

of 136.6 g of cyclopropylacetamidine .HC1 in 500 ml of anhydrous 
EtOH was added a t  OD, during 0.5 hr to a solution of 23.8 g of 
Na in 1 1. of anhydrous EtOH under Nz. After 0.25 hr the solu- 
tion was filtered through a bed of Filter Cel (prewashed with 
anhydrous EtOH) contained on a sintered glass funnel. The 
resulting solution was added during 1.25 hr to a solution of 124 g 
of ethoxymethylenemalononitrile in 1 1. of anhydrous EtOH. 
The initial reaction temperature of 15" was lowered to 0" after 
5-10y0 of the amidine base had been added. After 6 hr a t  0' 
the product was filtered, washed with cold EtOH, and vacuum 
dried (140.0 g, mp 182.5-182.8'). The product was analytically 
pure as isolated. 
4-Amino-5-trminomethyl-2-cyclopropylmethylpyrimidine .2HC1. 

-A solution of 17.4 g of 4-amino-5-cyano-2-cyclopropylmethyl- 
pyrimidine, 40 ml of liq NHI and 275 ml of MeOH was hydro- 
genated at  2.8 kg/cm2 in the presence of 1 tsp of Davison Sponge 
Xi catalyst (prewashed with anhydrous EtOH). The combined 
filtrate and washings, after filtering off the speiit catalyst, were 
evaporated to dryness to give a light yellow solid (22.0 g). This 
material was dissolved in anhydrous EtOH and acidified t o  congo 
red paper with ethanolic HC1. The product which separated on 

Mp, oc 

225.5-226.5 

253.2-253.5 dec 

249-251 dec 

258-260 

227-228 dec 

228-230 dec 

215-220 

218-220 

Empirical 
formula 

CijHzoClzNc 

Analyses 

C, H, N 

C, H, K 

a 
a 

a 

U 

chilling was filtered and washed with GPrOH and EtzO (11.3 g, 
mp 233.5234'). 

A second crop was obtained to give 2.7 g of material, mp 
232.5-233', on recrystallization as described above. 

4-Amino-2-cyclopropylmethyl-5-pyrimidinemethanol~ H*O.-A 
solution of 10.2 g of SaX02 in 450 ml of H 2 0  was added to a 
solution of 33.7 g of 4-amino-5-aminomethy1-2-cyclopropyl- 
methylpyrimidine'2HCl during 1 hr a t  52". Heating was con- 
tinued for 5 hr. The reaction mixture was allowed to stand 
overnight a t  room temperature. The solution was treated with 
Sorite and filtered with the aid of Filter Cel. The filtrate was 
concentrated a t  the aspirator. The solution was chilled and 
adjusted to  pH 8 with saturated aqueous Na2CO3. The solution 
was extracted with 3 portions of n-BuOH. A light yellow solid 
remained on removal of the solvent from the dried extract (19.6 g, 
mp 131.5-137'). Purification by recrystallization from i-PrOH 
gave material of mp 140-141" after drying in vucuo a t  60'; 
this corresponds to the monohydrate. 

Procedure A. 1 - [ (4-Amino-2-cyclopropylmethyl-5-pyrimidyl)- 
methyl] -2-pieolinium Chloride Hydrochloride.-A solution of 
18.5 g of 4amino-2-cyclopropylmethyl-5-pyrimidylmethanol in 
100 ml of 2-picoline was treated with 19.9 g of TsC1, added in 
small portions with chilling. The resultant homogeneous solution 
was maintained at -15" for 5 days. A white crystalline mass 
formed during the first 24 hr. The reaction mixture was diluted 
with a large volume of E t 2 0  and stirred. The supernatant was 
discarded and the residue was triturated repeatedly with Et20 
to elute as much of the excess picoline as possible. Final tritura- 
tion with i-PrOH gave a mass of white crystals which was filtered, 
washed with i-PrOH, and dried (29.8 g, mp 173-179'). 

This material was dissolved in 250 ml of H20 and 5 ml of 0.006 
-A7 HC1. The solution was passed through Amberlite IRA400 
(Cl-). The column was washed finally with 500 ml of H10. 
Combined eluate and wadhings were concentrated in oacuo to a 
small volume and finally distilled with i-PrOH to remove as 
much HsO as possible. The light yellow residue was recrystal- 
lized from LIeOHi-PrOH (1: 1) to give material of mp 225.5- 
226.5' (dec 251') (13.9 g). 

Procedure B. 1- [ (4-Amino-2-cyclopropylmethyl-5-pyrimidyl)- 
methyl] -2,4-lutidinium Chloride Hydrochloride.-A solution of 
73.0 g of 4-amino-2-cyclopropylmethyl-5-pyrimidylmethanol in 
385 ml of freshly distilled 2,4lutidine (bp 155-157') was treated 
portionwise with 78.5 g of freshly ground TsC1. The homo- 
geneous reaction was held a t  -20" for 6 days n i th  occasional 
swirling. A white solid crystallized from the mixture on addition 
of EtCOMe and scratching (78.6 g, mp 222-226', dec 250') 
(A).  Recrystallization from anhydrous EtOH-EtCOMe gave 
material, mp 250-350.5" (dec 253"). 

The reaction filtrate was concentrated to a small volume to 
remove excess lutidine. The residue was dissolved in 2-PrOH and 
reprecipitated with EtOAc to further remove exes  lutidine. 




