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Abs&act-Zeatin, a cytokinm isolated from Zru muys kernels. has been shown IO be 6-(4-hydroxy-3- 
mcthylbut-rr4nr-Zlnyl~inopurinc. 

SUBSTANCE which induce cell division in certain excised plant tissues in the presence 
of exogenously supplied auxin arc now termed cytokinins’ and not kinin as originally 
proposed.a A number of synthetic 6-substituted purines, l-substituted adcnincs and 
urea derivatives belong to this group of growth stimulants. Plant extracts are known 
to contain highly active cytokinins. The first of these compounds to be isolated in a 
state of purity has been termed zeatin.‘0*2-1 mg being obtained crystalline from about 
60 kg of sweet corn (Zeo mu_ys) kernels. l As a stimulant of cell division in plant tissue 
cultures, zeatin is markedly more effective than any of the known synthetic cyto- 
kinins.‘*” About 3 mg of xeatin were available for determination of structure. Evidence 
to establish the identity of zeatin is now presented. A brief preliminary account of this 
work has been published.’ 

On paper chromatograms, zeatin gave colour reactions (reagents of Reguera and 
Asimov,’ red spot; silver nitrate-formic acid,E yellow spot) consistent with it being a 
purine. Pyrimidines do not give these reactions. An attempt was first made to degrade 
zeatin to some known purine derivative. Hydrolysis with IN HCI at 100” yielded 
two products separable by paper chromatography but neither could be identified with 
the amounts available. Treatment with 0*2N KOH at 100” did not appear to degrade 
zeatin. Oxidation with nitric acid, permanganate or manganese dioxide, however, 
yielded adenine which was identified by UV spectra, chromatographic behaviour and 
conversion to hypoxanthine. The mass spectrum of zeatin* showed a peak (m/e 135) 
attributable to the adenine ion and one of m/e 108 which is prominent in the mass 
spectra of adenine and certain adenine derivatives.@ A mol. wt of 219 (cf adenine 135) 
was indicated by the mass spectrum while that calculated from the absorption 

1 Part II: D. S. Letham. P/tyfoclum&rry in pras. 
* F. Skoog, F. M. Strong and C. 0. Miller, S&KC 148,532 (1965). 
8 C. 0. Miller, F. Skoog. F. S. Okumura. M. H. Von Salti and F. M. Strong, 1. Amer. Chm. Sot. 

78, 1375 (1956). 
* D. S. Letham. Li/c Sclenccs 2, 569 (IW3). 
’ D. S. Letham. unpublished rcaultr. 
* D. S. Letham, J. S. Shannon and I. R. McDonald, Proc. Chem. Sot. 230 (1964). 
’ R. M. Reguera and I. Asimov. 1. Amer. Chem. Sot. 72, 5781 (1950). 
’ D. S. Letham. J. Chromurq. 20. I84 (l%5). 
’ J. S. Shannon and D. S. bfham. New Z&ond J. Scl.. in press. 
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spectrum of xeatin picrate (assumed to be a monopicrate) was 239. The discrepancy 
was probably due to hydration of the picrate which was recrystallized from water. 
The above observations established that zeatin was a substituted adenine, the sub- 
stituent group or groups being eliminated by oxidation. 

The location of the substitution was determined by consideration of the pK, values, 
the PMR spectrum and the bathochromic shift accompanying oxidation of zeatin 
with xanthine oxidase. A study of the absorption spectrum of zeatin over the pH 
range 2-12 detected two ionizations, the pK,, values being 4.4 and 9.8 (in water, 20”. 
ionic strength@]). Since these values differ markedly fromthose of I- and 3-substituted 
adenines,lO*ll the adenine moiety of zeatin was probably not substituted at positions 
1 or 3. The pK,, of 9.8, attributable to dissociation of the imidazole -NH- group, 
indicated that positions 7 and 9 were unsubstituted. The pK,, of 4.4, attributable to 
protonation of the exocyclic nitrogen, could be given by 6(mono- and di-substituted 
amino) purines and by 2- or 8-substituted adenines. In the aromatic region, the PMR 
spectrum of zeatin picrate (Table 1) was closely similar to the spectra of bhcxyl- 
and 6-(2-hydroxyethyl)aminopurine suggesting that the zeatin picrate spectrum was 
consistent with an adeninc structure unsubstituted at C, and C,. The assignment of the 
high field peak T 2.12 to the C, proton and the low field peak I 2.04 to the C, proton 
follows from the reported PMR spectrum of purine.” Oxidation of zeatin with 
xanthine oxidax, an enzyme which hydroxylates adenine at positions 2 and 8, dis- 
placed the absorption maximum to longer wavelengths by 37.5 rnp (Fig. 1). The 
displacements to longer wavelengths observed under identical conditions with known 
adenine derivatives were as follows: 6-methylaminopurine, 38 rnp; 2-methyladenine, 

8mCc; 8-methyladenine, 0 rnp; 6-(thydroxyethyl)aminopurine, 38 rnp. Under 
similar conditions, displacements recorded for adenine,” 6-furfurylaminopurinel’ 
and 2,6diaminopurine16 arc 45 rnp, 36 m,u and 11.5 rnp respectively. A bathochromic 
shift of the magnitude observed with zeatin appears to be given only when positions 
2 and 8 are unsubstitutcd. The absence of a substituent at these positions in zeatin 
was thus established and zcatin was therefore substituted in the &amino group only. 
Additional evidence for this mode of substitution was provided by the mass spectrum 
of zeatin.’ This showed ions at m/e 148, 135 and 119 which are characteristic of 
6-alkylaminopurines. 

Since 6dialkylaminopurines appear resistant to attack by xanthine oxidase,‘“.” 
the 6amino group of zeatin was probably monosubstituted. The UV absorption 
spectra of zeatin supported this conclusion. The spectra of zcatin in three solvents 
were almost indistinguishable from those of certain 6-(monosubstituted amino)purines 
but were divergent from those of 6(disubstitutcd amino)purines (Table 2). The 
numbers of exchangeable hydrogcns in zeatin and its fragment ions’ were also 
consistent with zeatin being a &(monosubstituted amino)purine. 

I@ P. Brook= and P. D. Lawley. /. Chum. Sot. 539 (1960). 
” B. C. Pal. Bioclvmlsrry 1, 558 (1962). 
I9 M. P. Schweizer. S. I. Chart. G. K. Helmkarnp and P. 0. P. Tr’o. /. Amer. Chrm. Sot. 86.6% (1964). 
‘a H. Klcnow. Biochrm. /. SO. 404 (1952). 
I’ F. Bcrgmann and H. Kwietny. Biochim. Biophys. Acra 28, 100 (1958). 
I@ J. B. Wyngaardcn. 1. Eiol. Chtm. W. 453 (1957). 
Ia T. R. Hcndenon. C. G. Skinner and R. E. Fakin. PIanf Physiol. 37, 5S2 (1962). 

I’ F. Bergmann, H. Kwielny. G. Levin and H. Engclbcrg. Biochim. Biophys. Acra 37,433 (1960). 
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The structure of the substituent was determined mainly from the mass and PMR 
spectra. Deuterium exchange in the mass spectromete? indicated that the zeatin 
molecule contained three active hydrogens. Two must be assigned to the amino- 
purioyl moiety“ and one to the substituent. The presence in the mass spectrum of 
zeati$ of both an M-31 peak (01/e 188 (l!W)) and a metastable peak at m/e 188*/219 

established the presence of a -CH,OH group which accounted for the exchangeable 
hydrogen of the substituent. The intense M-17 peak (m/e 202 (204)). the base peak 
of the spectrum, strongly suggested that the hydroxymethyl group was attached to 
an unsaturated carbon in the substituent which being of mass 85 possessed the empirical 
formula C,H,O. The PMR spectrum of zeatin picrate (Table 1) indicated an allylic 
methyl group not coupled with adjacent protons, two methylene groups rcveaied as an 
asymmetric doublet and a single olefinic proton revealed as a multiplet. The chemical 
shifts of the methylene protons indicated that the methylene groups were attached to 
0 or N atoms and were probably allylic. The above findings are consistent with the 
cis and fruns isomers of only two structures (I and II). 

I II 

The mass spectrum of zeatin showed a strong peak at m/e 160 (162) which was also 
present in the spectrum of &(3-methylbut-2-enyl)aminopurine and which was attri- 
buted to structure IILe 

Of structures I and II, I is much more likely to yield this ion. Mass spectral evidence, 
therefore, favoured structure I. Oxidation of zeatin with permanganate yielded three 
UV-absorbing products-N-(purin-6-yl)glycine, adenine andan unidentifiedcompound 
(probably a 1,2-glycol, but not a ketone). I on oxidation would readily yield N-(purin- 
6-yl)glycine but II would be expected to give instead a methyl ketone. Oxidative 
degradation, therefore, also favoured structure I which was assigned to zeatin. 

The rr~ form of I was synthesized*@ by an unambiguous route. Chromatography, 
spectroscopy, mixed m.ps, biological activity and chemical degradation established 

l m/c values in brackers derived from the spectrum of (NNO-D,) ratin. 

I’ D. B. Dunn and J. D. Smith, Biochem. J. 68,627 (19S8). 
**CL Shaw and D. V. Wilson, Proc. Chem. SM. 231 (1964). 

a1 
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. 

FIO. 1. UV spectra of zealin (A) and the product formed by oxidation of z.atin with 
xanthine oxidase (B). Solvent: DOW phosphate buffer (pH 8.0). 

TABII 1. PMRWUCIRA O? PIalATF3 OF ZUllN AND OF q4lwDnoxY-3 -Ul-WYlU-2-t?h~)~~ 

&(4-Hydroxy-3-methylbut-rrue2enyl~ 
Zeatin picrate aminopurinc piaatC 

Qumicalshih Splitting No. of ChaGcal shif* Splitting No. of 

(7 valu& pattern protons Assignments (7 values) pattern protons 

I 
841 Singlet 3 ECCH, 850 Singkt 3 

hymmad 4 I-C-CH&/N 
6.26’ 

doubkt 6.20’ I 

Asuymmctrical 4 
doubkt 

6.17 
698 I 
4.58 Multipkt 

2.12 Singkt 

2.04 Singlet 

1.67 Singlet 

2*76,242. 1.30 - 

1 --CH,-CH-C 4.65’ Multipkt 1 

1 Purine G 2.24 Singlet 1 

1 Purinc C, 2.16 Singlet 1 

2 PiCMteH 190 Singlet 2 
- Pyridine 2.94, 2.48 - - 

l Solvent: D.0X.D.N (ca. 20: 1 v/v). In this solvent hydroxyl and amino protonswould exchange and were 
thus not detected. 

‘ThaChLX&XlShiftdifTtrCrXXd bctvecn tbesc npcctra is attributdd to difkultics in establishing an accurate 
calibration under the cxtranc ampli6cationa m for the z&in picrate qectnm~ Additional preparationa 
of the synthetic product gave chankal m identical to these values. 

‘Thb qmm&cal doubkt WM aimplificd by a spin decoupling technique (-93 c/s) to a single peak with a 

cchanid shin of T 6.24. It is suggested that the original doubkt was a mcthyknc single G=CCH,OH (T 6.26). 
I 
MC 

and a mcthyknc doubkt N-CH,--CH=C (I 6.23. J ca. 4 c/s). The compkmntary decoupling signal (+93 
c/s) simplitkd the T 4.65 multiplet to a char siagkt with minor methyl coupling. 
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TMLZ 2. SPKTML CXAuA~cs or 2sAlIN AND qwNo- AND Dl-v 

_)_ 

Compound 
@lN HCI O,lN NaOH 95% EtOH 

LIO L.. a m1n R =.X a arl” 

tutin 
6-Mefhylaminopurine 

6-Hexylaminopurioe 

b(EMethyIbut-2lnyi)n~~ne 

6-(2-Hydroxyethyl)aminopurine 

dDimethyl.aminopurinc 

6_(N-methyl-N-~penfylamino)purineb 

6_Dipropylaminopurine( 

6.Bis(2-hydroxyethyl)aminopurine 

273.5 234 218 275 26’ 
267 232 273 239 

270.5 233 ( 218 275 240 

273 233.5 ( ‘218 275 24’ 

272.5 234 ( 217 274 24o 
2n 236 281 245 

278 237 ( g 246 

277.5 235.5 ( 222 2(14 246.5 

283 238 z; 245 

269 230 

269 229 

269 2.30 

268 229 

277 234 

278.5 234 

277.5 234 

o The values for dmethylamioopurioc and 6-dimethylaminopurinc a~ those giwn by Dunn and 
Smith.” The xunainder of the da!a has not previously baa raordai. 

b 6(N-methyl-N-butylamino)purioe exhibited identical characteristics. 
l The chuactaistics for 6dipropyIaminopurioc, ddii.sopentyiaminopurine and Gdihexyl- 

aminopurinc were almost identical @eatat differen- I.5 mr). 

TABLE 3. SPWTWU CHAMCIXRUIYU O? DEGRADATION PRODUCT3 OF ZUTP4 

Compounds 
O.lN HCI 0.1 N NaOH 95 % EtOH 

A mu 1 m1a a m.* a ml0 a IDm a mlm 

Oxidation productc : 
0x1 
0x2 
ox 3b 
0x4 
0x5 

Acid hydrolysis products : 
R, 059 (sobent I) 
R, 044 (solvent 1) 

Adecline 
N+urin_6_yl)glycine~ 

262.5 229 269 237 
262.5 229 269 237 
273.5 234 274 240 
273 233 274 241 
262.5 229 269 237 

269 235 274 242 
277.5 237 279 246 
262.5 229 269 237 
273.5 234 274 iA 

261 -a 

260-5 - 
- - 

267 228 
261 225 

270.5 243 
- - 

261 225 
- 

a A dash indicates value not detamined. 

b GY - 272.5 rnp. 
c j&8&*? = 273 mlr. 
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that the synthetic product and zeatin were identical. Zeatin was therefore 6-(4- 
hydroxy-3-methylbut-frm-Z-enyl)aminopurine. Zeatin has since been synthesized by 
a different methodm which confirms the structure assigned above. 

EXPERIMENTAL 

Mefhods. All m.ps arc corrected. When only small samples were available, a Kollcr apparatus 
was used and the v&a obscrvcd are termed “micro” mps. The hot stage was heated IO about 15” 
below the m.p. before the sampk was inserted. PK. values were determined spccIrophoIomctrically.~i 
An ultramicro adaption of the method of Cunningham cr al.- was used to determine spcctrophoto- 
metrically the mol. WI of -tin; E for the picratc ion was determined with a pure preparation of 
adcnine picrate using the. same spcctrophotomcter. A Mcttler UM 7 balance was used for all 
ultramicro weighings. For paper chromatography, Whatman No. 1 paper used. 

IJV spectra: a &&man model DU instrument fitted with a photomultiplier attachment; PMR 
spectra: in D,OC,D,N sols (ca. 20: I v/v) with a Varian D. P. 60 instrument. Bccausc of the small 
sample of zealin picratc (ca. 2 mg) it was ncassary to modify the usual techniques. Commercial 
microcells wcrc not successful, but solvent volumes wcrc considerably rcductd when a IS-mm close 
fitting glass slug was placed in a normal sample tube. Total sample height was restricted IO 22 mm. 
Spectra were calibrated by a +284 c/s side band from the antral HOD peak and by external TMS. 
Chemical shifts were calculated in tau values. The determination of mass spectra is described in 
the following paper.’ 

6-(Substitutcd omino)purines wed/or spcc~ol comparison with xcatin 

New compounds prepared by condensing 6-chloropurinc with the appropriate amine in boiling 
butan-l-01 were: 

~(N-mrrh~l-IV-iroptnry/amlco)pwine. m.p. l93’(Found*: C. 60.27; H, 7.78; N, 32.14. C,,H,,N, 
required: C. 60.25; H. 7.81; N. 3194%) 

6-(N-mcrhyl-N-burylomino)pwiru, m.p. 17$1755” (Found: C, 58.82; H. 7.41; N, 34.03. 
C,,H,,N, required: C, 58.51; H. 7.37; N, 34.12%.) Roth compounds were rcaystallized from 
aqueous EIOH. 

6-Dipropylaminopurine (Found: C, 6031; H. 7.87; N. 31.75. UC. for C,,H,,N,: C, 60.25; 
H, 7.81; N. 3194%) was also prepared in the above way, but the m.p. (163.5-l64.Y) differed from 
the III.~ value (143-144’). 6-Dihcxylaminopurinc was the gift of Dr C. G. Skinner, University of 
Texas. All other compounds were prepared by published methods (observed mps in agreement 
with lit. values) or were purchased and rccrystalli~d if impure. 

Oxidofion of rcarin 

(a) With nitric acid. Zealin (about 60 pg) was dissolved in HNO, (d z 1.42; 0.5 ml) and kept 
at 40” for 30 hr. Evaporation of the acid at 40” yielded a residue which was chromarographcd on 
paper using as solvent butan-I-ol-water-AcOH (12:5:3; solvent I). The UV printing tcchniqu@ 
dctsrcd four components with R, values (listed in order of decreasing spot intensity) of 0~16.0~41. 
0.67 and 0%. The component of R, 0.41 (termed OX I) was elutcd with 95 “/$ FtOH and rcchromato- 
graphed in solvent I IO free it from small amounts of an impurity. The spectral characteris1ics 
(Tabk 3) of purifti OX I were in agreement with those of adeaine. I1 was indistinguishable from 
adenine when chromarographcd on paper using four solvents. 

(b) With muq~~sa dioxide. Manganese dioxide (B.D.11. technical grade) was thoroughly 
washed with boiling water and dried at 75’. Dried oxide (IO mg) was addd IO an aqueous soln 
of zcatin (about 150 rg in 0.5 ml). The suspension was heated under rcflux for 6 hr. acidihod with 
AcOH and antrifugcd. The clarified soln was evaporated and the residue chromatographed on 

l Analyses by A. Ikmhardt, Mulheim. Germany. 

m T. Cebalo and D. S. Letham. Nufure. Iand. in press. 
‘t D. Shugar and J. J. Fox, Biochfm. Biophys. Arfo 9, 199 (1952). 
” K. G. Cunningham, W. Dawson and F. S. Spring, /. Chum. Sot. 2305 (1951). 
a C. G. Skinner, W. Shive, R. G. Ham, D. C. Fitzgerald and R. E. Eakin. 1. Amer. Glum. Sot. 78. 

5097 (1956). 
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paper using solvent 1. UV printingY rcvcakd two components (R, vahtcs @54 and OftS) which 
gave spots of approximately qua) intensity and a third component (RI Q7SJ which appcarcd as a 
much fainter spot. UV spectra (Table 3) and paper chromatography using mtal solvents indicated 
that the component of R, 0.54 (ted OX 2) was a&nine. The conversion of OX 2 into hypoxanthine 
by the proadurc next dcscribcd confirm& this identification. 

To a soln of OX 2 in 2N A&H (about 2Opg in 0.1 ml). 0.25M NaNO, (0.04 ml) was added. 
After the resulting soln had been kept at SS” for I5 min. a further @04 ml of NaNO, soln was added 
and the mixture was then kept at 5s’ for I hr and at 40’ ovcmight. To free the reaction product from 
AcONa, the ruuhiog soln was cvaporatcd on a 5 x IS mm arca at the boItom of a sheet of Whatman 
allulosc phosphate paper (P20. previously converted to acid form) which was then irrigated with 
O.lN AcOH. The resulting chromatogtam pOuesscd two UV-absorbing zones-one (faint) near 
the origin due to a little unrcactcd OX 2 and one of higher R, which was &ted with IN NH,OH at 
room temp. Paper chromatography using scvctal solvents indicated that this compound was 
hypoxanthinc. 

(c) With porasnitm permqptarc. Zeatin (100 fig) was stir& with 0.3 ml KMnO, soln (2 g/l ; 
pH 7) at room tcmp for 8 min. Excess pcrmanganatc was then dcstroycd by adding a slight cxccas 
of a dilute soln of crotyl alcohol. The mixture was cvaporatcd onto a 5 x IS mm arca on a sheet of 
chromatography paper and subjcctcd to two-dimensional chromatography using butan-2-one 
saturated with water (solvent 2) followed by solvent I. Three UV-absorbing oxidation products 
which gave spots of approximately equal intensity wcrc detected on the resulting chromatogram. 
Thcsc were dcsignatcd OX 3, OX 4 and OX 5 and gave R, values of 0.01, @ I3 and 0.28 rcspcctivcly 
in solvent 2 and 0.53. 046 and 060 rcspcctivcly in solvent 1. 

UV spcctra (Table 3) and paper chromatography using scvcral solvents indicated that OX 5 
was adcnine. Paper clatrophorcsis showed that at pH 7 OX 3 was negatively charged. Rceausc of 
thu and since other evidence established that zcatin was a 6-(hydroxyalkcnyl)aminopurinc. OX 3 
was probably an N_(purin-6-yl)monoamino acid. OX 3 could bc distinguishcd from 2-(purin-6- 
ylamino)propionic acid and from 3-(purin-6ylamino)propionic acid (both prcparcd according to 
Ward er oLy) by paper chromatography with solvent I. N-(purin-6yl)glycinc and OX 3. howcvcr, 
were indistinguishable when compared chromatographically on paper using scvcral solvents. 
klcctrophomts at pH 7 and UV Spectroscopy (Table 3) confirmcd that thev two compounds wcrc 
identical. 

OX 4 gave a ncgativc 2.4dinitrophcnylhydrazine test a for aldchydc and ketone groups, but 
rcactcd positively to a pcriodatc-bcnzidinc spray” which dctccts compounds oxidiscd by pcriodatc. 

Oxidorion of a&nitte dericatlves with xankine oxi&c 

The catalasc used to prcvcnl inactivation of the xanthinc oxidasc by H,O, was purchased from 
Sigma Chemical Co. (St. Louis) as a dry powder (3.000 PM units per mg). Xanthinc oxidasc. also 
obtained from this soura. was supplied as a suspension in 60% (N&)&O, (8/1M units per ml). 
One volume was diluted with 9 volumes of distilled water to give the xanthinc oxidasc soln u.. below. 

The adcninc dcrivativc (about 30 rg) was dissolved in phosphate buffer (3.2 ml; 0.05 hi; pH 8.0) 
in a silica absorption ccl1 and the UV absorption spectrum determined with phosphate buffer (3.2 ml) 
in the rcfcrcncc all. Catalasc soln (I mglml; 0.2 ml) and xanthinc oxidasc soln (@2 ml) wcrc then 
ad&d to both cells which wcrc kept at 23” for 12-16 hr. The absorption mrum of the 
oxidation product was then determined. 

Acid hydrolyks of rearin 

A soln of SO rg of uratin in IN HCI (0.3 ml) was heated under rcflux for 35 hr and then cvaporatcd 
to dryness in a vacuum dcsiazaior containing NaOH pclkts and cont. H&D,. Paper chromatography 
of the t&due using solvent I rcvcakd three UV-absorbing components with R, value, (listed in 
order of dccrcasi ng spot intensity) of O,S9. 0.84 and 0.76. The latter u)lllponcnt was not prcscnt in 
sulhcicnt amount for exact spectral charactcrizotion but spectral data for the otha two arc given 
in Table 3. 

*’ R. Markham and J. D. Smtth. B&hem. J. 45, 294 (1949). 
OJ D. N. Ward, 1. Wade. E. F. Wafborg and T. S. Chdcnc. /. Org. Gem. 26, 5000 (I%l). 
y E. Stahl, l’Mdayer Chromalogrophy p. 490. Academic Prus. New York (1965). 
” J. A. Cifonclli and F. Smith, Anulyf. C&m. 26, 1132 (1954). 
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Synthetic 6-(4-hydroxy-3-methylbut-rr~-2cnyl)aminopurine (franr-I) crystaIli~~I from water” 
muysU&d from EtOH to remove impurities revealed by mass rpectrometry. This 

$kd clusters ofthick needles with micro m.p. 208-2W.c.f. reatin 209-210”; mixed m.p. 20%209”. 
Micro m.ps for xeatin picratc, rranr-I picrate and a mixture of the two were 188-190”. 189-191. and 
188-190” vively. Addition of a saturated EtOH soln of 3-iodo-$4,6trinitrophnol (synthesii 
according to Hodgson and MoorP) to aqueous solns (pH 2) of reatin and from-I followed by 
recrysWiration of the washed ppts from water yielded the 3-iodA!,4.6-rrinirropkmolufes of zutin 
and WUJU-I as needles. The two derivatives had UK same miao m-p. (20>206’) unaltered by 
admixture. (Found for derivative of rronr-I: I, 2240. C,,HI,ON,C,H,OINJ required: I, 22.10%) 

Zeatin picrate and IroN- picrate gave identical PMR spectra in deuteropyridine-D,O and 
identical UV spectra in 9S% EtOH. The UV spectra of zeatin and franr-I (solvenu @IN HCI, 
O.lN NaOH and 95% EtOH) were superimposable and the map spectra were in agreement. Z&in 
and frunr-I could not be distinguished by paper chromatography in six solvents or by TLC on 
Merck aluminium oxide G using 5 solvents. Both yielded the same products when degraded with 
1N HCI at 100”. HNO, at room temp and dilute permanganate at room temp. 

Zeatin picrate and front-I picrate showed identical activity in the carrot phloem ax~y for 
cytokinins.’ At conantrations of 20, 2. 0.2 and OQ2&1, zeatin picntc induced increments in 
explant weight of 31.8. 255, 17.2 and 7.6 mg mpectively. while front-I piuatc caused increments of 
28.0.26.7, 16.6 and 6.4 mg respectively. Differences between the two sets of values are not ignilkant. 

” H. H. Hodgxm and F. H. Moore, 1. Gem. Sot. 630 (1927). 


