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Abstract-Some S-amino substituted 7chloro-imidazo[ 1,2_c]pyrimidina and 7chloro&methyIthio-imidaxo[ 1.2- 
clpyrimidincs were synthesized for further information on the rok of the purine ring in cytokinin structure/activity 
relationships. Their cytokinin-like activity was examined using four different teats: expansion of cucumber etiolated 
cotykdons; formation of chlorophyll in etiolatcd cotykdons of cucumber; preservation of chlorophyll breakdown in 
scctJons of barky leaves; inhibition of root growth in intact wheat seedlings. Compounds with the imidaxopyrimidinc 
ring were generally less active than those with the purinc ring. with the exception of the pentenylamino derivatives, 
which showed an activity comparable with that of the control, kinetin. 
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INTRODUCTIWS 

The cytokinms and the other cytokinin-like compounds 
promote many diRerent processes such as se-cd gcrmi- 
nation [l-3], expansion of cotyledons and leaves [4, S], 
growth of lateral branches [6]. the retardation of chloro- 
phyll degradation [7] and induction of chlorophyll 
synthesis [S]. AI low concentration they induce cell 
division in excised tissues [9. IO]. Skoog eJ al. [ 1 I] have 
reported that the intact purine ring is necessary for 
cytokintn activity. and Matsubara [ 121 confirmed that 
any modification of this structure results in a decrease in 
cytokinin activity. An exception to this ruk sams IO be l- 
dcazapurinc derivatives, because they show a high cyto- 
kinin actwity 113, 141. When N is in the bridgehead 
position, dcazapurine irtivity Increases [IS]. S’- 
Substituted adenincs wJth 4 7 mrbon atoms m the sJdc 
chain tend to be highly active. The introduction of a 
double bond, an aromatic rmg or a heteroatom in the side 
chain further modifies the ;tctivity. previously we reported 
[ 161 that some imidazol l.2-alpyrimidine derivatives arc 
abk to retard thechlorophyll degradation in barley kavcs, 
and that halogcnation of the imidazopyrimidine ring 
increases the activity of the compound and modifies the 
influence of the lateral chain. Therefore. we synthcstzcd 
some 7chloro_imidazo[ 1,2_c]pyrimidine and some 7- 
chloro-g-mcthylthio-imJdazo[ 1.2-c]pyrimidmc com- 
pounds (Scheme 1) in order to test their cytokinin activity 
and to see if this was modified by the presence of a 
thyomcthyl group or lateral chains. The 7chloro-8- 
mcthylthio-imidazo[ 1.2-c]pyrimidme compounds were 
synthcsixed in analogy with 2-methylthiozcatin, which 
was obtained from sRNA of plants [ 17. 181 and bacteria 
[ 191. The alkylamino groups were introduad at the 5 
position in analogy with the more active cytokinins 
[ I I. 121. The activity of these compounds was assayed in 
four spc&c tests for cytokrnins: expansion of cucumber 

etiolatcd cotykdons [20]. induction of chlorophyll for- 
mation in etJolaIcd cucumber colykdons [lo], preserv- 
ation of chlorophyll breakdown in barley kaf sections [9] 
and inhibition of root growth in intact wheat seedlings 
[21]. Kinetin (6furfurylaminopurinc) was used as a 
control. 

RESSULTS AND DISCUSSIDZ 

Expansion oj eriolated cotyledons 

The activity of imidazo[ 1,2_c]pyrimidincs (Table I) are 
ckarly less active than kinetin, also their isopcntenyl 
derivatives (3, g), which show a slightly stronger effect, are 
still 57 and 64”, less achve than kmetin. 

Induction oj chlorophyll jormation 

In this case (Table 1) imidazopynmidincs are generally 
more active, either when the free amino group is present m 
rhe 5-positJon, or when it is partially replaced by an 
alkylaminc (2, 3.7.8) or arylalkylamine cham (5). Here 
too the isopcntenyl derivatives (3, I)) are more effective. 
though always kss effective than kinetin. On the contrary, 
furfutyl compounds (4.9) show the opposite activity. 
inhibiting chlorophyll synthesis. 

Preserration 01 chlorophyll breakdown 

lmidazopynmidina which are not thiorncthylatcd in 
the 8position (compounds 1.5) have about the same 
clfect as kinetin. while pcntcnyl and isopcntcnyl dcrivat- 
ivcs (2.3) are more effective by I32 and 264 “/, rcspactively 
(Tabk I). On the contrary. furfuryl derivatives (4.9) 
activate chlorophyll breakdown. Generally we noted a 
negativeeffect of the thiomethyl group in the g-position of 
the imidaxopyrimidme ring (6 8). 

25 



26 

t x=H. x=N& 6 X - SCH,. R - NH* 

2 x = H‘ ft - NHfCtillJHfCH,), 7 X - SCH,. W - .VH(CH,~C)I(CH,), 
3 X - fi, R - NHCH&H=C(CH,), 8 X - SCH,; R 8 WCti,CH=C~CH,), 

4 X = H. R = NHCHa 9 X = SCtl,. R = ?;HCH, 

The inhibiting activity of irni~o~y~rnidin~ on root 
growth (Tabk I) is ckarfy stronger than that of kinetin. 
except for furfuryl derivatives (4.9) which induce root 
growth. 

On the whok. our findingsagree with published data on 
the correhtron between chemical structure and cytokinin 
activity [Il. 12.221. For all compounds tested. the 
dose-&&t relationship is linear: the effect ddcrcascs as 
doses decrease. Briefly the imidazo[ 1.2-rJpyrimidine ring 
generally inactivates the cytokinin-like cffcst, except for 
inhibiting root growth in intact wheat sc&fings. Since at 
the end of the treatment the root tip generally bacomcs 
brown, it seems likely that the compounds are toxic to 
roots. The relationship between the presence of a Lateral 
chain and activity is worth noting. In our case. the 
unsaturated alkylamine residues seem the best, in fact 
i~~ntenyldcrivativ~ (3.8) were by far the most active in 
all our tests, as they reached and in some cases exceeded 
kinetin activity (inhibition of root growth, preservation of 
chlorophyll breakdown). As to aminofurfuryf derivatives 
(4.9). in three out of four tests they showed the opposite 
activity when compared to similar compounds. In this 
case an antlcytokinin action couM be hypothesized. 
Finally, the ~-methylthio group (69) has an inhibitory 
effect analogous to that of natural compounds; in fact X- 
SMc-imidazopyrimidtnrs are always kss active than the 
corresponding non-substitutedcompounds with thesame 
laterat chain. 

The various reactions were checked by TLC on silica gel 
Went CfICI,-E&H. 9:l or 98.2). Mps were determined in 

open capillary tubes and art uncorr. Only the most sign&ant 
peaksoftheIR (KBrjspcctra arereponed.The’H NMRspectrn 
were recorded wing CHCI, and DNSO-c& as solvents and 
tttramcthylsitane (TMS) as tnternal standard. The xpoctra of the 
compounds were cot&tent with the assigned structure in all 
cases. ‘l%c results of ekmental analyxis (C. H. N) were within 
2 0.3 of the thcortticol values. 

f6_Dlchloro_4-(LZdict~x~~th~ilomtno_5-~th~lthiop~runi- 
ii& Ia) and 4,6dichloro_2-(T2diethoxy~r~~l~~S- 

m.erh~khtopynidine (b$. 5-Methylt~uo-24,dtrichlorop~unidinc 
(5.75 g) 123) was dissolved in EtOH (250 ml), 2-aminoPcctal- 
dchyde diethyl aatal (8 ml) wax added and the soln strrred at 
room temp. for 2 hr, then evaporated The ratdue was suspended 
in Hz0 and exhaustively extracted with CHCI,. The CHCI,. 
previously dried on NatSO.. wax removed by evaporation and 
the crude isomenc mixture (7.68; 93”;) was &ted, with 
CHCI, CCL (I :2)on a neutral Al,O, chromstographiccofumn 
(Merck, Brockmann activity HI; 650 gh Two fractions were 
collected in thn order: 4.9 g of Qaminoderivate (a), 2.0 p of the 
isomer (b). Both these compounds were r~tallized from 
petrol The s~ructurea of (a) and (b) were proved by an un- 
equivccal synthesis (Scbetne 2), since 4,6dichioro-2cthyiamino- 
5.~hytth~~ynm~ine (24) reacted with 2-ammoaceukkhydc 
diethyl anal in boiling EtOH. to give (t). i&ntial with the 
compound prepared. m the same conditions. from (a) and 
cthyiamine. Analytical da& (a) crystallized from petrol, mp 
72 73” (found C, 40.63; H, 5.24; N, 12.98: C,,H,,CIIN,OIS 
requirea:C,40.49;H.J.2%N, 12.88%); IRvEcn’ ‘: 3280, IS8O; 
‘HNMR (CDCI,): 61.22 (6H. r, WI), 2.28 (3H, s, SMek4.54 
i 1 H, t. CHCH>NH& 6.72 (IH, br I. NH1 tbj crysMb.d from 
petrol mp 8-Y (found: C. 40.21; H. S.lt; N. 12.62; 
C,,H,-QNJO$ requires: C. 40.49; H, 5.25; N. 12.83:,& 
IRvzcm-‘: 3280, 1560; ‘HNMR (CM;I,): 61.22 (6X, f, 
aceal). 2 32 (3H.s.SNcL4.52 IIH. r.CHCH,NH), %72flH,hrf. 
NH I. 



Synthesis of 7chbro-Imidazo(I.2~Jpyrirnidinex 

Tsbk 1. ElTccIs of khloro-i~l.2-cJpyrimidiaes (1-S) and l<hbro-&We-imid[l.2- 
c]pyrimldincx (6-9) on the expanxion of cIi&Icd colykdonx, rnduction of chlorophyll formxtion. 
pwcrvotion of chlorophyll hrakdown rnd inhibition of rca growth. The ruultx are cxprcxxcd xx a 

perccntlgc of the conlrol (phoxphxIe bulTer alone) + xt. by the formula (TX/C) x lo0 
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Compound 
Dow (m&r conanIraIion) 

Ix10 l Ix10 ’ I X lo-’ I X 10” 

Cucumber cotykdon expandon 
K ‘397.5 +40.1 l 226.5 25.3 f 

(11 l 32.6 f 3.5 l 18.1~2.3 

(2) l 73.9 2 9.6 8.2 + 0.9 

(3) l 172.4* 15.3 l 133.2 f I 1.8 

(4) l 26.0 f 2.1 7.7 2 I.9 

(5) l 2S.l 2 2.4 16.4 + I.3 

(6) l 232+ I.9 9.9 + 1.1 

(7) l a9329.6 l 29.6 f 3.6 
(8) l 143.6 f 12.3 ‘29.4 f 2.8 

(9) ’ 25.8 + 3. I l 19.6 2 2.3 

Chlorophyll forrnxIlon in cucumber co~ykdonx 
K l 100.6 2 9.9 l 70.6+ 8.1 

(l) l 23.9 2 3.0 IS.8 f 2.0 

(2) l 6l.l f 5.3 l 27.02 3.1 

(3) l 75.2 f 8.0 l 67. I f 5.9 

(4) ‘-16.3~2.1 - 13.1 2 I.9 

(5) l 39.6 2 4.2 l 33.5 2 3.1 

(6) l 16.6 f 1.9 10.3 f I.1 

(7) ‘46.9 2 4.7 l 27.0 f 2 8 

(9 ‘66.8 2 5.4 g57.0 2 4 7 

(9) l -21.1 22.3 l - 17.4 f 1.9 

PrcscrvaIion of chlorochvll brakdown . _ 
K l 42.l f 4.7 

(l) *JO.1 2 4.1 

(2) l 55.5 + 5.9 

(3) *Ill.1 29.9 

(4) l - 31.4 f 3.6 

(5) l 20.8 2 I.9 

(6) IS.4 2 I.3 
(7) l 44.9 f 4.6 

(8) l 41.3 f 3.9 

(9) l - 24.4 f 2.0 

InhibiIion of roo1 growIh 

K l - 29.2 + 2.6 

(1) l - 37.6 2 3.1 

(2) l - 55.1 f 4.3 

(3) l - 55.6 f 6.1 

(4) l +38.02 I.6 

(5) l -47.1 + 3.1 

(6) l -51.223.1 

(7) l - 53.3 2 2.9 

(8) l - 53.3 2 3.7 

(9) l +41.02 3.1 

041.9 * 4.3 

13.1 f 2.0 

l 21.0* 2.1 

l 64.7 7.0 f 

l - 23.4 f: 2.7 

5.0 2 0.6 

14.5 + I.3 

l 33.8 f 3.1 

040.2 f 4.0 

l - 14.3 + 1.2 

l 34.5 f 3.2 

3. I f 0.4 

I I.7 f I.2 

l 31.8 + 3.6 

l -21.22 I.9 

3.6. f 0.2 

13.3 f 0.9 

l 26.4 f 2.5 

IS.8 + I.7 

- 11.9~0.9 

l - + 28.7 2.6 l - 25.3 2 1.9 

l - 2 11.6 I.4 - 12.9+0.8 
l - 2 29.3 I.0 l - 16.3 f 0.3 
l - 2 48.0 2.7 l - 45.0 f 2.5 

+ 17.2 2 I.1 +9.2 f 1.0 

l -31.1 22.1 - 18.4 +- I.1 
l -23.4f I.5 - 3.3 to.1 
l - 2 35.9 1.9 *-X).2* 1.9 

- 16.2 f 1.2 - 15.2 f 1.4 
+ 5.6 2 0.3 + 2. I + 0.2 

l 78.0 * 6.3 

l5.6i I4 

6.2 + 0.8 

27.3 f 3.1 

2.4 2 0.4 

10.2 + I.1 

5.6 f 0. I 
l 18.2 f I.9 

l 23.l f 2.6 

l 18.1 f 1.9 

l 20.6 f 2.7 

5.3 f 0.6 

l 17.6 f 2.3 

040.1 2 3.9 

-8.220.5 

l 20.4 2 1.9 

7.5 + 0.5 

10.2 * 0.9 

l 37.l 2 3.8 

- II.1 20.7 

0.0 f 0.0 
IO.1 + I.3 

0.9+0.1 

O.l+O.l 

1.620.2 

0.2 + 0.03 

4.3 2 0.3 

13.2 + 0.9 

2.1 f0.l 

13.9 2 1.1 

l 19.4 f 1.9 

1.8 + 0.2 

IS.82 I.1 

l 32.6 f 2.8 

- 3.4 + 0. I 

7.0 f 0.6 

4.9 f 0.3 

4.8 2 0.3 

l 20.0+ I.7 

-2.620.1 

12.4 + I 3 

2.0+0.1 

9.8 + 0.6 

l 24.8 2 1.9 

- IO.1 f 0.7 

1.6?0.1 

3.7~0.1 

l 16.2kl.l 

13.6 ?; I.4 

0.0 + 0.0 

- 12.4% I.5 

-3.4+0.1 

- 5.6 f 0. I 

’ - 44.7 f: 2.4 

+ 7.2 f 0.9 
- 1.8 + 0.5 

0.0~0.1 

l -24.42 I.3 

- 13.0 f 0.5 

+ 0.9 f 0. I 

6-Chloro-4-(L2-dirrhoxyrihyl)lrmho-2-erhy~-5-~rh~- 

fhropyrkldine (CL Crysullizzd from parok, mp 9S95” (found: C, 

46.n; H. 6.91; N. 16.74: C,,Ha,CIN.O~S requires C.46.62; H, 
6.92; N. 16.73 y& IR vs cm ‘: 3290.1600 ‘H NMR (DMSO- 
d,k b1.l (9H. I. ace~alq clhyl). 2.18 (3H. s, SMe). 4.70 (IH. r. 

CHCHINHA 6.90 (IH. br f. NH), 7.20 (IH. br r. NH). 

5.1-Dlchloro-8-merhy/~h~oim~dazo[ 1.2~c]pyrimldlnr (4) 

@&me 2). A mixture of (8) (20 8) and oonc. H,SO, (I 2 ml) wax 

bated II 6Y for 2 hr. The raulIing xoln wxx cookd rod poural 

on ia (35 6). ~hcn tra14 110 5”. pntb 307.4. NIOH. IO pH 
5+. The x&d yu removed by fihration, dried rad cxluuxtivdy 

cx~rac~al with b01 CHCl,-EIOH (9:2). Tbc product obtwd 
(1.2s)pnrrurpcodod~POCI,(12ml)~rbe~turrbcrcedr1 

IOf for 48 hr. The exam POCl, wu removed by cvapon~ion II 
rad.prro.lodcbcraidurpourad~to~(l5I);lbcrurpcacion 
wax braved, II &5”, wi1h3Ox 4. tiOH. to pH 6, chcn mpidly 

cxlrrted wil Et,O-petrol Tbc ~Avent wax cvqontod and 
0.8 8 (60’/3 of the compound (4) were obrriaed Cryxullixed 
from EtxO-pctrol mp 118-120” (found: C. 36.17; H, L35; N. 
18.16; C,H,ClaN,S rquirexz C, 35.91; H. 215; N, ll.W~& IR 
I(&#-_- I. I58O.‘H NMR (DMSOd,tb2.42(3H.r.SMe~7.75 

kl.85 & d. u). 
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Scheme 2. 

S-Ammo-7-chloroimdozd I,2c]pyrimduus (I- 5). A soln of 
5,7dichbroim~du~l3_c]pyrunidine [25] (0.01 mok) in ErOH 
was added. 81 room temp.. IO the suitable amme (0.02s mok). To 
prepare I drhloropyrimidme was drractly treated wcth excess 
cont. NH.OH; I-amino-3-methyl-2-butene was prepared by the 
method of Dcsvages and Olomuchi [26]. the olber amines were 
commerctally availabk. The reecuon mixture was evaporatal IO 
dryness and the residue suspended in HzO. The solid than 
separated was removed by filtration and roxystallized. YICW 
65 85%. The slructurcs of 1-5 were assigned in anabgy with 
some compounds previously studied [2S]. 

5-Amrno-7~hloroimdol~ 1.2c]pyrtmidtne (1 J crystallized 
from DMF HzO. mp > 320‘ (found: C. 43.06; H, 3.27; N. 32.90: 
C,H,CIN, requires: C. 42.74; H. 2.98; N, 33.23?& tRrE:cm ‘: 
3330.3170.1600.‘HNMR(DMS0d,):66.92.7.500nd7.92(3H. 
s, ar), 8.02 (2H. br s, NH& 7ihk~A-~prnrytcmi~&@l13- 
c3p@midaZ (2) crysulliaad from &OH-H#. mp I73 I74 
(found: C. 55.43; H. 627; N. 23.67; C,,H,,ClN, rquinx C. 
55.34: H, 6.33; N 23.47”/,~ IRvzan-‘: 3230, 1630. lS8Q 
‘H NMR (DMwt XI.93 (6H. d, Lpmpyl), 6.82 (I H. s. ar) 7.47 
and 7.98 (2H. d. arl 8.02 (IH, br r. NHk 7_chlao-S-ipmr-2- 
mylvnino)imdaz~ 1.2c]pyfimidiru (3) crys~lltzed from 
EtOH-H,O, mp 198 199” (found: C. 5S.W; H. 5.50. N. 23.44; 
C,,H,,ClN, rquirea: C. 55.81; H, 5.53; N. 23.67%); 
IRvzcm ‘: 3220. 1620. lSlU& ‘HNMR (DMSOd,) 61.70 

(6H. s. propenyl). 6.80 (IH. s, ar), 7.40 and 7.95 (2H. d. ar), 8.1s 
(I H. br I, NH); 7<hlor+S-jur_fwylaminoimkfazcf I,2c]pynmidinc 

(4)aystallizd from EtOH-H,O, mp 182 183’ (found: C, 53.32: 
H, 3.Ko; N. 22.60; C,,H,CIN,O rquira: C. 53.12; H. 3.64; N. 
22.53 %); IR vg; cm -‘: 3230. 1620. ISSO. ‘H NMR (DMSOI.): 
64.70(2H,d.CH1).6.9S( IH.s,ar),6.45.7.5S.7.65.and8.05(SH.d. 
or), 8.70 (IH. br r. NH); S-bcnrylanu~7-rh~~~~l.2- 
clpynmduw (5) crys~llixd from EIOH-H,O. mp 18%184- 
(round: C, 60.45; H. 4.35; N. 21.35. C,,H,,CIN, requires: C. 
60.35; H. 4.28; N. 21.65%); IRvgicm ‘. 3220, 1630, 1590. 
‘H NMR (DMSO-I,,): 64.70 (2H. d, CH1t, 6.86 ad 7.30 (6H. s. 
arl 7.38 and 7.90 (2H. d. ar). 8.53 (IH. br f. NH). 

S-ammo-7-chloro- 8-wrhylrhio~midox4 1.2 -c]pyrlmidtnes 

(6 9). These compounds were otxained from 5,7drhbr*8- 
merhylthioimidnzo[ 1.2-clpyrimdme (d), by the method reported 
for compounds 1-5. The strucWre ti@ lo compouA.5 
6 9. m anabgy wllh rhar of some imidazo[ 1,2_c]pyrimidine 
derivatives previously studKd (253. was atsa confirmed by an 
unequivocal synthesis of 7chbro-S~hytamino-&nethyl- 
thloimidazo[ 1.2-c]pyrimidtne (c) (Scheme 2). 

5-Am~7-chbro-8-mcthylt~~~~~ I.2~]pynmdtne (6) 

cryslnllk.cd from bmz.a+hgrom.mp 175-176. (found: C. 38.89. 
H. 3.52; N. 25.87: CIH.CIN,S rquires C. 39.16; H. 3.28; N, 
26.lO”/;k IRr~cm-‘: 3240. 3140. 1590. 154% ‘HNMR 
(DMSOd,k 62.50 (3H. I. SMe). 7.55 and 7.87 (2H. d. ark 8 IO 
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(2H. br s. NH* k l-chloro-S-~.~nrhylom~no-8-nurhylrhio- 

imufaz~I.2~lpyrvnrdiru (7) crystallued from bautatligroia. 
mp 185 181’ (found: C, 50.36; H. 5.91; N. 19.19; C,,H,,ClN,S 
rqulrcs C. 5O.a H. 6.0101; N. 19.6l’:k IRvEan ‘: 3240, 1614 
‘H NMR (DMSO&t m.85 (6H. d, i.popyi). Z45 (3H. s, SMc), 
7.42 and 1.92 (2H. d. ar), 8.05 (IH. br I. NHk l-chloro-5-(,.vr-2- 

tnyl~ulo~8-nurhylIh~i~~~ 1.2c]pynmidint (8) crystallized 
from benzene bgroin. mp I41 l4y (found: C. SO.%; H. 5.31; N, 

19.56. C,IH,,CIN.S requires: C. SO.% H. 5.34; N. l9.8l’/.k 
IR vKBr rml cm ‘: 3200. 1620. ‘H NMR (DMSO-d,)z 61.10 (6H. 5. 
propenyl), 2 41 (3H. s. SMe), 1.40 and 1.95 (2H. d. ar). 8.20 (IH. 
br I. NH), l-chloro-S-jor~ury/orm~8-nurhy/rhrourudoro- 

[ 1,2c]p~~md~ (9) crystallued from bcrventhgrom. 
mp 248 2SI’ (found: C. 48.19. H. 3.82; N. 18.12; CIzH, ,ClN.S 
rcqulrcs.C.48.89; H. 3 16;N. l9.007& IR rE:cm-‘: 3060, 1560; 
‘H NMR (DMSOd,) 62.42 (3H. I. SMe). 4.50 (2H. d. CH1). 
6.M.1.50.1.55and8.05(5H.d,sr).8.15(1H,brr,NH);1-ch/oro-S- 
trh!/unio-X-murhy/~hw~~az~ 1,2c]pyrimufiet (c) crystallirod 
from bcnzcnc. mp 21 I-213’ (found: C. 44.21; H. 4.11; N. 22 85; 
C*H,,CIN.S rquucs: C. 44.53; H. 4.56; N. 23.089b); 
IR,.kycm ‘. 3230. 1620. ‘H NMR (DMSO-I,): 61.23 (3H. I. 
ethyll 2.48 (3H. I. SMc). 1.51 and 795 (2H. d. ar18.15 (IH. br I. 

NH). 
Cucumhpr corJ/cdon expansion. Cucumber seals (Cucwus 

sarirus L.) were soaked for 4 hr in tap water, and germmated on 

moist filter paper in darkness at 28’ for CS days. In these 
conditions compktcly expanded cotykdons were excised in dim 
green hght and floated in Petri duha containing 6.1 mM Na K 
phosphate butTer pH 6.1. Group of IO cotykdons were waghed 
and floated with the adaxial face down m 3cm Petri dishes 
contaming 3 ml of test soln. Incubation was in dark- at 28” for 
20 hr After mcubation each group was rc-we+al [20]. 

Chlorophyll jormarwn III cucumber cotyledons. Groups of IO 
cotykdons. obtained as dcscnbed above, were floated m 3cm 
Petri dishes contaming 3 ml of test soln and incubated at 25” m 
the dark for 11 hr. then moved to light (3200 lux) at 25’ for 3 hr. 
At the end of the treatment, the chlorophyll from IO weighed 
cotyledons was extracted with 80 y0 EtOH; chlorophyll retention 
was expressed by mcasurmg the optml density of the extracts at 
665 and 643 nm [IO]. 

Prrwrrarion ojchlorophyll brca&donn. Barky seedr (Hordeum 

co/gore L.) were soaked for 8 hr in running tap water and grown 
in compost at 2U under continuous hght for I3 days. At tha t~mc 
the first leaf was fully expanded and the second had just begun to 
appear. Plants were sckctcd for uniformity. and a piece of each 
kaf was cut between the 3rd and 4th cm from the tip of the blade. 
The scct~ons were aged for 24 hr by floacmg them on distilled 
water at 25 m darkness. After this penod they were blotted and 
transfenal to scrcwcap vu& containing I ml of test soln and 250 
units of pcnic~lltn G. Four sections were floated in each vrsl, and 
each fraction was tatcd in duplicate or tripbcate samples. After 
48 hr of incubation at 25 m the dark, the sectIons of each vutl 
wcrc extracted with 803; EtOH and chlorophyll retention was 
dctammal as described above [9]. 

/Abuton oj roof gror?h. Wheat (Triricum cu/gcrrr L) grams 
were soaked m HIO for about I8 hr. sown on filter paper 
moistened with Hz0 and incubated in the dark for 48 hr at 22”. 
Plants with a central root 0.5 cm long were sckcted and, m groups 
of 10. pun on a grid with the root Immersed in the dilTmnt solns. 
After 18-20 hr at 22” in the dark. the Length of the cuttral root 
was meosurcd. All expcnmcnts were done in triplicate and 

reputed three times [2l]. The results were expressed as a 
pcrantage of the control (6.1 mM phosphate buffer pH 5.9) 
_+re. by the formuh (7-C/C)x 100. The differ- between 
each mean and the control @bosphte b&r alone) was signifi- 
cant at I 7!e (.) 0T 5”/: (Student’s f tat). The tested compounds 
were dissolved in 6.1 mM Na-K phosphate buffer. pH 5.9. at 
various conczntrattons. 
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