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AbMtct-Sixty-nine compounds, mostly purine derivatives and closely related substances, were tested for 
promotion of growth and regulation of organ formation in the tobacco bioassay to determine mlationships 
between chemical structure and cyt~kinin activity. Forty-three substances were synthesized in this study, and 
13 of these were reported for the tit time. NQlkyhulenines (I) varied in activity over a wide concentration 
range depending on the lensth of the alkyl chain. Starting with adenine, detectable at 3200 pM, activity 
increased with the chain length to an optimum for dpentylaminopurine detectable at cu. 0401 PM, and then 
decrtascd to reach a barely detectable level for 6decylaminopurine. The result of the incorporation of polar 
groups in the side chain was not necessarily reduction in activity. One hydroxyl group, as in xeatin (Id), 
improved the activity of 6-(y,ydimethylallylamino)ptuine (Ib) if it affected it at all; two hydroxyl groups, as 
in 6-(2,3-dihydroxy-3-methylbutylamino)purine strongly reduced activity. Comparisons of 64soamyL 
aminopurine with 6+,y&nethylallylamino)purine and of other closely related pairs of compounds showed 
that a double bond in the side chain greatly increased cytokinin activity. Adenine derivatives with cyclic 
substituents in the N$osition (benxyl-(Ic), cyclohexyl-, etc.) showed the same general range of activity, 
potentiation by unsaturation, and variation in activity with substituent size, etc. as did the alkyl derivatives. 
Heteroatoms in or on the substituent groups decreased activity (in the case of N or Cl) or had little etfect (S for 
0 in furfuryl). Of the mono-substituted adenines only the N6-derivatives definitely possemed cytokinin activity. 
The l-(III), 3-(H), or g-substituted adenines probably are inactive but could be activated by conversion to the 
N6-isomers. Except for slight activity in tests of high concentrations, which could be ascribed to contaminants, 
7-substituted adenines were completely inactive. ModiCcation in the adenine moiety lowered the cytokinin 
activity, often by 95 per cent or more. Substitution of N for the 8-C atom in kinetin and in 6-benxylamino- 
purine or S for the 6-amine N atom in 6-(y,~thylallylamino)purine did not eliminate but drastically 
reduced activity in the tobacco bioassay. Elimination ofthe 6-amine group without substituting another group 
completely removed activity; thus, the purine derivativq 1-benxylpurine and 1-(~,ydimethylallyl)purine, 
were inactive in tests where the l-adenine derivatives could be activated to give a positive response. Addition 
of a second substituent on the l- or 3position of N6-substituted adenines drastically reduced or eliminated 
cytokinin activity. It is suggested that the l-position and possibly also the 3position must be free. A second 
substituent in the NC, 7-, or Pposition of N6aubstituted adenine derivatives lowered but did not eliminate 
activity. Also, the disubstituted 1-adenine derivatives, 1,9dibenxyladenine and 1,7_dibenxyladenine were 
active, presumably after rearrangement to the corresponding NQubstituted isomers. 
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INTRODUCTION 

FOLLOWING the isolation and identification of kinetin (Ia) r a large number of chemically 
related substances &ve been synthesized and/or tested for cytokinin activity by various 

proc&res. This is a report of collaborative work between the laboratories of N. J. Leonard, 
Department of Chemistry and Chemical Engineering, University of Illinois and F. Skoog, 
Department of Botany, University of Wisconsin, to determine relationships between the 
chemical structure of cytokinins and their biological activity as measured by the promotion 
of growth and regulation of organ formation in tobacco callus cultures. The early work at the 
University of Wisconsin, summarized by Strong,2 indicated that cytokinin activity in the 
tobacco test is limited to 6-substituted purines. This was confirmed in general by Okumura and 
co-workers, who utilized the expansion of radish leaf discs to test a large number of purine 
derivatives and related substances. s*4 Assays based on the capacity to induce ge~nation of 
lettuce seed, as in reports by Skinner and Shive,5 have indicated less stringent structural 
requirements of the biologically active molecules, and the results obtained are not entirely in 
agreement with those of the above growth tests. However, it would appear that the seed 
germination test has such marked dependence on conditions 6s7 (high sensitivity to tempera- 
ture, light and chemical agents other than ~tok~ns) that positive results obtained by this 
method perhaps may be considered only as preliminary evidence of cytolcinin activity. The 
response of the radish leaf test also is highly dependent on light conditions and on the age of 
the leaves. Furthermore, both these tests are based on rn~s~~en~ of cell expansion regard- 
less of whether or not the increase in size is accompanied by cell division. Growth responses, 
therefore, are elicited also by agents which are not cytokinins. 

Olwnura and Kuraishi found a si~fi~nt response to k&tin at O-1 PM and optimal 
activity at about 10 ,uM. In the tobacco assay a barely detectable growth increase ordinarily 
is obtainable with 5 x 1r4-5 x 10m3 PM and maximum tissue yields with 0.1 ,uM of kinetin; 
i.e. with reference to con~ntration, the tobacco callus test as now used is about 100 times more 
sensitive than the radish leaf disc assay. For the above reasons a number of substances with 
known Cytokinin activity as well as new synthetic substances were used in comparative tests of 
struct~e/activi~ r~a~onshi~ in the tobacco bioassay. This study almost exclusively deals 
with cytokinin activity of adenine derivatives as affected by the nature and location of the 
substituent groups. 

RESULTS AND DISCUSSION 

Chemistry of Test Substances 

In addition to a number of known compounds which were made for this investi~tion, 
several new 6-substituted-aminopurines (I) have been prepared by the general method of 
reaction of the appropriate amine with 6-chloropurine or with 6&loro-9-(2-tetrahydro- 
py~yl)purine (IV)* followed by an acid hydrolysis step. Compounds obtained thereby 

1 C. 0. Mm, F. SICOOG, F. S. OK-, M. H. VONSAI.TZA~~ F. M. STRONG, J. Am. C&em. Sot. 78,137s 
(1956). 

2 F. M. Smonnrt, IO Top&s ia Mkrobial Chemistry, pp. 98-l 57. Wiley, Now York (I 958). 
3 F. S. OKUIWRA, N. l&mm, H. Imx, M. MASUMURA and S. Kumsm, Bull. Chem. Sot. Jupan32,886 (1959). 
; g K$pm, Sci. Paper Cdl. Gen. E&c., &iv. Tokyo 9,67 (1959). 

. xmmx and W. Smvq Pkmt Physiol. 34,1(1959). 
6 A: H. HABER, Physiol. Phtarum 12,456 (1959). 
7 A. H. HABER and H. J. L~IPPOLD, Physiol. Phntarum 13,298 (1960). 
* R. K. ROBINS, E. F. GODEFBOI, E. C. TAYLOR, L. R Lswu and A. JAC-, J. Am. Chem. Sot. 83,274 

(1961). 
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include : 6-(cyclopropylmethylamino)purine, 6-(a,adimethylallylamino)purine, 6-famesyl- 
aminopurine, 6geranylaminopurine, and methyl-S-(purin-6-yl~n~~oxy-~~~~- 
furanoside (Ie),g a close analog of kinetin (Ia). 6-(~,r_Dimethylallyl~no)-9-~~~b~ 
furanosylpurine lo* r1 was synthesized to compare the biological activity of 6-(y,y-dimethyl- 
~ly~no)p~e (Ib) with that of its g-~~f~oside. 

RNH 

Several compounds lacking ~~su~~tion at the 6-position were prepared in order to 
delineate further the importotnce of the ~n~su~titution at this position. 9~Z-Te~ydr~ 
P~~yl)p~~ (V) was first prepared by the catalytic hydrogenation of the known 6-&loro- 
9-(2-tetrahydropyranyl)purine (IV) * using palladium on charcoal in the presence of magnes- 
ium oxide. Alkylation of this intermediate with y,ydimethylallyl bromide and with benxyl 
bromide occurmd at the l-Position in each case (e.g. VI), and following acid hydrolysis 
I-(y,r_dimethylallyl)purine (VII) and I-benxylpurine (VIII) were obtained. The U.V. spectra 
were similar to those reported for l-methyl- and l-ethylpurine of established structure. In 
the case of the l-Alpine prepared via the alkylation of 9~~~y~~~~yl~~ne, 
the structure assigned was confirmed by positive comparison with the product of Raney 
nickel desulfurixation of I-benxyl&hiopurine (IX),la This comparison validated the 
structural assignment of l-(~,~~me~y~yl~~~ obtained in the parallel alkylation 
reaction. A variant of ~substi~~on and a close analog of ~(~~~~e~y~y~no~p~ne, 
namely 6-(~,~di~~yl~yl~o)p~ne (X), was obtained by S-~kylati~ of propane 
with l-chloro-3-methyl-2-butene according to the general procedure of Johnston, Holum, and 
Montgomery.‘3 

Representative compounds substituted on both 1- and N6-positions were prepared for the 
first time: 6-benxylamino-l-methylpurine (?CII) and l-benzyl-6methylaminopurine, the 
latter as the hydrobromide (XIV). The route to the former was based upon treatment of 
6~~l~io-l-me~ylp~ne (XI)14 with benxylamine, while the latter was obtained via 
reaction of 6rop~yl)p~ne (XIII) with benxyl bromide. The 

9 N. J. LEZONAIW and K. L. CARRAWAY, J. HetemYdk ckem. 3,485 (1966). 
*ON. J. how, Lecture at Fairleigh-J3ickinson University, Madison, NJ., oCt@bZl, 1363; see I&m. 

Mon& cm@ Kee. GoBldI, 11 (Itis). 
1% N. J. Lxxwm~, S. A~~~ R. N. X~PPXY, K. L. -WAY, W. A. H. Gr==, A. szwBygowsIuL* 

H. Q. H.&m and F. Srcooo, PNX. Nfzri Aad. Sci., U.S 56.709 (1965). 
12 J. A. lvlohi~~o~g~ Y and H. J. THOMAS, 3.Ot.g. Ghem. Z&2304 (1963). 
13 T. P. JOEINSTON, L. B. HOLUM and J. A. MB Y, J. AM. Chem. Sot. SO, 6265 (1951 D. 

_ -- ._ w* n_--- I m___ I*#___ mm nnn,,ncc)\ 
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structures of these products were cor&rmed by the close correspondence of their ultraviolet 
absorption spectra with those reported for other l,N%isubstituted adenines.ll* l5 A 3,N6- 
disubstituted model was also made, namely ~~~yla~no-3-metbylp~~ne, by the methyla- 
tion of ~~~la~nop~ine. 

kine derivatives and related ~rnpo~ds listed in Table t were tested. Fo~y-~~ of 
these were prepared for this study. Other sources as specified in Table 1 are gratefully ack- 
kuowledged. Most substances were tested in five-fold concentration steps in the range from 
@00016 to 125 PM. Higher or lower inanitions were tested whenever necessary. Unless 
s~fi~y sWed, all reported data are from one of two or more experiments with consistent 
results. For accurate comparisons of activities, pairs or groups of substances were assayed in 
the sam experiment. A basal medium control (0 or BC) and kinetin control (KC) or a 
pRViOUS& tested cytokinin of comparable activity were included as standards in each experi- 
ment. The activities of test subsets [relative to kinetin (KE)] were estimated dugout 
the ranges of concentration required to induce from barely detectable to maximum increases 
in fresh aud dry weight yields. Activities of compared substances were consistently in the 
same order in repeat ex~~ents, but the con~n~tions needed for miuimum detectable 
growth and optimal activities (~~~ yields) might vary by 1 or 2 dilution steps from one 
experiment to the next. Also the total yield of callus obtained with a given concentra- 
tion varied with the history of the stock tissue and other factors. In general, two-fold differen- 
ces in activity of suites could be distin~is~ in tests in which five-fold ~ution 
steps were used. No attempt has been made, therefore, to establish specific activity 
constants. 

Generalgrowth responses. A total of 51 compounds including those activated by heating 
(Table 1) gave positive tests for cytokiuin activity. Although the minimum concentration 
required for barely detectable growth promo~on varied between extremes of 5 x IO-” and 
200 PM for different substances, and some of the weakly active ones failed to produce 
“expected maximum” yields of tissue in any concentration, the growth responses of tobacco 
callus followed at least su~~ci~ly a axon pattern @pi&d by that of kiuetin (Ia) in Fig. 1. 
In many tests the sensitivity was somewhat less, but in general the lowest concentrations 
(5 x 10”4- 5 x 1w3 FM KE) produced a sparse growth of translucent, watery tissue. Con- 
unctions from 5 x IO-3 to 5 x lb2 FM KB gave sorn~~t more growth, with patches of 
white compact tissue dis~but~ throu& the mass of large loose ceils. Occasionally such 
patches occurred in lower concentrations including the basal controls. From these patches 
roots formed occasionally. With ca, 0.1 PM KE maximum fresh weight yields of granular 
white parenchyma were obtained. Higher concentrations gave masses (sometimes folding 
layers) of Pancho of less total volume, and with l-5 FM KE round knobs and eventually 
at shallow discs of firm, white parenchyma were formed. In old cultures areas within these 
knobs or discs might form shoots. Concentrations greater than lOpM KE in most cases were 
strongly inhibitor_ The abow: stages are characteristic of cultures supplied with the standard 
con~nt~~on of 2 mg/l34ndoleacetic acid (IAA) in RM-1965. Lower leveis of IAA would 
have hastened the onset of shoot formation, and higher levels, depending also on other factors, 
would have retarded or enti~~y poverty it. High levels of kinetin, on the other hand, wodi 
have prevented the fo~tiou of roots. These i~ibito~ effects on total yield and on root 

13 T. P. Jommm, A.L.FimsandJ.A.Mo- RY, J. Org. Chm. 27,973 (1962). 
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T-1. LIST~FTESTCHEMICALSANDTHEIRCYT~KININA- 

Compound 

Concentration &M) 
I \ 

Range tested Required for 
I I 

Detectable Maximum 
Min. Max. response yield 

AdtXlk 
3Allyladeninef 
6-Allylaminopurine* 
Benxothiaxolyl-2-oxyaatic acid** 
l-Benxyladenine (IIIc)* 

2-BenxyladenmeJ 
3-Benxyladenine (UC)* 
6-~lamino-8~p”rineZapurim* 
6-Benxvlamino-1-methvlourine (XII)* 
6-Bem&mino-3-meth$uine~ ’ 

1 64 
10-r 12.5 

8x10-4 62.5 
1.6 x 10-r 25 
1.6 x 10-4 25 

4Xkllxylaminolxlrine (Ic)* 6-4 x 10-4 12.5 
I-Benxyl-6-benxylaminopurine* 8x10-4 25 

3-Benxyl-6-benxylaminopurine* 8x10-4 25 
7-Benxyl-6-benxylaminopurine* 8x10-’ 25 

9-Benxyl-6-benxylammopurine* 
I-Benxyl&nethylaminopurine . HBr (XIV)* 
6-N-Benxyh&hylaminopurine* 
l-Benxylpurille (VIII)* 
6-Butylaminopurinet 
6-(5-Chlorofurfurylamino)purinet 
6Cyclohexylaminopurine~ 
6-(Cyclopropyhnethylamino)purine* 
6-Decylaminopurine~ 
1,7-Dibenxyladenii* 

1-6x 10-4 25 
4x 10-3 62.5 

1.6 x 10-4 25 

1.6 x 10-4 25 
1-6x 10-4 12.5 

4x10-3 62.5 
8x10-4 12.5 

1-6x 10-4 125 
4x 10-3 25 

1,9-Dibenxyladenine perchlorate* 1.6 x 10-4 25 

6-(2,3-Dihydroxy-3methylbutylamino)purine* 
l+,y-Dimethylallyl)adenine (IIIb)* 
3-(y,y-Dimethylallyl)adenine (IIb)* 
7_(y,y-Dimethylallyl)adenine* 
9-(y,yDimethylallyl)adenine* 

1.6 x 10-4 12.5 
1x10-3 100 
2x10-1 25 

10-t 62.5 

y,+imethylallyl alcohol* 
7, y-Dimethylallylamine . HCl* 

Di_(y,y-dimethylallyl)amine.HCl* 
Tri_(y,ydimethylallyl)amine. HCl+ 

6-(a,a-Dimethvlallvlaminolourine* 
6-(y,yDimeth;lall;lainoj;lurine (Ib)* 

4x lo-2 
2x 10-l 
2x 10-i 
2 x 10-t 

1.6x lo-4 
1 x lo-4 

2’: 
25 
25 
12.5 
60 

6-(y,~Dimethylallylammo)-9-fi-o-ribo- 
furanosylpurine’ 

3-(y,y-Dimethylallyl)-7-methyhulenine 
perchiorate+ 

N-(y,yDimethylallyl)phthalimide* 1.6x lo-4 100 
l-(~,~Dimethylallyl)purine (‘WI)* 

inactive 
4 x IO-3 12.5 

6-(y,y-Dimethyiallylthio)purine (?Q* 
inactive 

6.4 x 10-4 25 0.1 2.5 

lb1 
1.6 x 10-4 

8x10-4 
8x10-4 

800 
12.5 
25 
12.5 
25 

1-6x lo-4 12.5 

2 x 10-Z 12.5 

200 03 

inactive 
0.05 5 

inactive 
0004~ 0.1. 
01-1.0’ 2.5’ 

inactive 
o-1’ co 
0.02 0.5 

12.5 
0.1-03’ lG 
0.1’ co 
00008 007 
0.58 12.5’ 

> 0*5r 12.5’ 
12.5 25 
002-O. la 
O-5’ ,;:: 

01 0.5-2.5 
12.5 03 
002 2.5 

inactive 
0.004 0*1-0*5 
o-02 
0.5 l!.55 

2::25 2.0 
to 

g: 
Goa 
00 

0 l-0.5. 2.5” 
2.5’ 0Df 
0.1 2*5(?) 
00002~ O02-0.5d 
05-1.0’ 2.5’ 

5 (trace) ,-&.a 
2~5~ 
2.5-12-5’ $ 

inactive 
inactive 
inactive 
inactive 

oGl4-OO2 05 
oXQ1 002 

(0000030*0008) 
o-01 0.5 

inactive. 
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TAmE 1.---cont/m~/ 

Compound 

1175 

Concentration O,M) 

Range tested Required for 

Detectable Maximum 
Min. Max. response yield 

6,6-Dimethyl-l,3,4,5a,9-penmaza.Sa,6,7,8- 
tetrahydro-3H.benz[e] "mdene* 

6-Ethylaminoporinet 2× 10 -2 62,5 
6-Farnesy!~mlnopurine* 4 × 10 -s 25 
3-Furfuryladenine (Ha)* i × 10- a I00 

6-Furfurylamino-8-azapurine*§ (Azaklnetln) i × I0 -e 25 
6-Furfm~laminopurtne (kinetin) (Ia) I x IO'-S 50 
2 - N - F ~ l a m i n o p m ~ e ~  I 64 
6 . F u r f t ~ l ~ -  ~a>-n~ bofu_ranosylpurinet 8 x I0 -4 12.5 
6-N-Fuffurylmethylaminop~ 1.6 x 10 -4 12.5 
6-[2-(2-Furyl)ethylamlno]porinett 1-6 x I0 -4 12,5 
6.Gemnylaminopurine* 1,6 x 10- 4 25 

GibberePAc Acid 2 × 10- 2 200 
6-Heptylaminopudnet 1 *6 × 10 -4 25 
6-Hexylaminopurinet 6 ~ 10-s 25 
6.(trans-r.Hydxoxs~ethy1,~,,nethylallylamino). I × 10-6 25 

purine (Zeafu~ Id)* 
~I.ndol¢~=~tic ~d 200 
6-Isoamylaminopur:met 6 x I0 -6 12"5 
2-m-M~o~benzyl~enine~ 1 64 
1 -Methyla~afine* 4 x 10 -~ 62"5 
6.Methylaminoporine 2 x 10-* 200 
Methyl ~purln-6*yl)amlno-~-v- 6 × 10-4 12.5 

1"6 x 10-4 50 inactive 

ribofuranoside (Ie)* 
6.Pentylaminoporinet 
6~-Phenoxyethylamino~urinet 
6-Phenylaminopm'ine~ 
3-Phytyladenine* 
6-Propylamlnoporinet 
(~[2-1~dd~t~)~mino)pun~t 
6.(2-Tnenylamino)purinet 

0"5 12-5 
0.004~1 2-5 

I0~ I00 ~ 
inactlve f 

0"1 2 
@001 0.1 

inactive 
0.001 0.1 
@5 2-5 
0.O2 @5 
0.1-0-5" 2.5" 
2,5 f 12.5 f 

inactive 
@I 2-5 
0"02 0-3 

0 . 0 0 0 0 3 ~  O-004-0.5 

* Autoclaved in medium 15 minat 120 °. 
t Filtersterilized and added to cooling medium. 
* Synthesized for this study, 

inactive 
0.004 0.1 

inactive 
inactive 

100 oo 
@I 5 

1,6× 10 -~ 25 0.0008 @1 
1.6x 10 -4 12,5 @02 @5 

4 x 10-3 62.5 0 ~  @5 
1.6 x I0-* 12.5 inactive 
1-6 x 10 ~ 25 @02 5 
1.6x 10 -4 12-5 002 0-5 
1,6 × 10 -4 12.5 @004 @1 

** Kindly furnished by Dr. J. van Overbeek, SheIl Development Co., Modesto, California. 
? Kindly furnished by Professor F. M. Strong, Department of Biochemistry, University of Wisconsin, 

f t ~  sources specified in reference 2. 
?t  Kindly furnished by the Upjohn Co,, Kalamazoo, Michigan. 

Kindly furnished by Dr. E S, Okumura, Tanabe Sedaku Co. Ltd., Osaka, Japan. 
§ Kindly furnished by Professor F. C. Steward, Corner University, Ithaca, New York, 

format ion were exerted by high but  non-tox/c kJnetin concentrations which, in fact, were 
optimal  for  long survival o f  the cultures. 

6-Alkylamino_~rines. Effects o f  chain length o f  N6-alkyladenines on the type o f  growth 
and yield o f  tissue in the tobacco bioassay are illustrated in Figs. 2 and 3. 6-Pentylamino- 
put/he, with a detectable growth promot ing effect starting below 1 × 10 -3 ~ / I ,  was about  as 
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active as kinetin. The others had lower specific activities, decreasing as a function of shorter 
or longer chain length . The yield/concentration curves in Fig. 3 show that all the derivatives 
from C&IS- to C&L q- inclusive, gave about the same maximum yield of tissue as did kinetin, 
provided they &resupplied in high enough concentrations. The tested substances with 
shorter side chains, regardless of concentration, never gave the expected maximum yields ; nor 
did 6-decylaminopurine. Low solubility of the latter prevented its being tested in concentra- 
tions higher than 25 JJ,M_ Possibly the con~ntmtions of weak com~~ds which would be 
required for “maximum yield” would exceed the tolerance of the tobacco tissue to purines in 
general. The more active ~~yl~nopuri~s in high concentrations also were about as 
effective as kinetin in promoting bud formation in tobacco callus cultures (Fig. 4), but none 

approached the capacity of 6-(y,y-dimethylallylamino)purine (Ib) in this respect. 

FIG. 3. EFFECXV of: CONCENTEATION OF ~A~~NOP~N~ ON FRESH WEIGHT nam OP ~IMXO 
CALLus. 

Expt. 116, Jan. M-Feb. 18, 1965. LabeIsasin Fig. 2. 

As to the requirement of a substituent in the N6-position for cytokinin activity, i.e. 
whether adenine itself is active, numerous tests have been done in our laboratory and else- 
where with different assay methods over the past 10 years. Opinions have differed, but our 
recent tobacco assays showed definite and increasing activity in the range from 200 to 800 t;M. 
Our negative results obtained earlier were with lower concentrations. Adenine heated with 
furfuryl alcohol is reported to form kinetin in ~itro,*~ and we have confirmed the presence of 
cytokinin activity in such heated mixtures. The nature of the reaction is being studied because 
similar heat treatment of equimolar mixtures of adenine and either a,a-dimethylallyl alcohol, 
~,~-dime~ylallyl alcohol or benzyl alcohol produced less of the corresponding N%ub- 
stituted adenine even though the expected products would be biologically more active than 
kinetin and thus detectable at lower concentrations. *I, I7 Possibly adenine also gives rise to 
active products on heating in nutrient media. Its activity in promoting bud formation appeared 

16 R. H. HALL and R. S. DB ROPP, J. Am. Chem. Sot. 77,640O (1955). 
I7 N. J. LEONARD, S. ACHMATO~ICZ, R. N. LOEPPKY, K. L. CARRAWAY, R. B. BRADBL~Y, W. A. H. GRIMM, 

A. SZWEYKO~EXA and F. SKOOG, (In preparation). 
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to be greater in autoclaved than in titer sterilized media. Is Rut in recent attempts to separate 
out an active product by chro~to~aphy of heated adenine solutions, no activity was found 
at J?f values other than that of adenine itself. ~n~n~tio~ & 200 FM were required for 
detection of activity in these experiments. No maximum yields approaching those obtained 
with kinetin were obtained with any concentration or treatment of adenine. The possibility 
still remains that the apparent activity of adenine is due to N%ubstituted derivatives formed 
within the tobacco tissue with high exogenous adenine supplies. 

~Me~y~nopu~ne has been reported to have cytokinin activity in certain test systems.19 
In the present tests a 100 FM concentration was active by itself, but markedly depressed the 
response to optimal levels of more active cytokinins (see also 20). Lower concentrations were 
inactive in this and earlier studies .*O 6-Methylaminopurine is a well known constituent 
of RNA and has been isolated from many sources. It may be relatively more active in test 
systems other than tobacco cultures, so that its role as a naturally occuring cytokinin should 
not be ~de~ti~~. 

In general, therefore, it can be said that NWkyl derivatives of adenine exhibit a wide range 
of cytokinin activity which clearly is dependent on the length of the alkyl group. The in&enee 
of chain length apparently relates to physical properties facilitating uptake or access to reactive 
sites in the cells, because it follows the usual pattern of change found for biological activities, 
in~u~g toxicity, of other ~~l~u~~tu~ series of subs~n~.*l 
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FlOa 5. bFIXJENCE OF DOUIILB BOND ON CYTOKININ ACX-MTY AS ILLIYS’IBA~ BY YELD OF TQBAWO 

CALLUS OBTAiNm WmH qy,y-D ~~0)~ (6-y,yRM~ AND 6+smMYL- 

OPT (HAAP). 

Expt. 54, June 17-July 22,1964. 

*B C. 0. MILK, and others in this laboratory, unpublished. 
19 C. 0. MILUR, Ann. Rev. Phmt Physiol. 12,395 (l%l). 
2~ D. KLXblBT, G. TWES and P. SICOO& Proc. Nat1 Acad. Sci. U.S. 56,52 (1966). 
21 S. E. ALLEN and F. SKOOQ, Plant Physiol. 26,611(1951). 
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Although all tested N6-adenine derivatives with 4-7 C atoms in the side chain tended to be 
highly active, fder details of the specific structure of the substituents markedly affected 
their relative potencies. 6-Isoamylaminopurine and 6-n-pentylaminopurine both had nearly 
the same activity as kinetin, i.e. detectable around 10B3 PM and producing maximum yields 
starting at about 0.1 ,uM. 

The introduction of a doubfe bond in the chain greatly increased the cytokinin activity. 
Thus, 6-(r,pt-dime~y~lyl~~o)p~~e (Ib) was cff. 10 times more active than either 
6.isoamyl~nopurine (Fig. 5) or kin&in (Fig. 6). 

LOG10 CONC’N CPM) 

m. 6. EPPecrs OF 6-(y,yDMETWALL YLAMNO)PURINE (6-y,y-DMAAP), 6BW~YLAMNOP~RINE 

(&&%P) AND KENBTEN ONYIELDOF ToBAcco CALLUS 

Expt. 52, June 11-July 16,1P64. 

The e~n~~nt of activity by Mattson was also observed in comparative tests of 
other pairs of substances. ~Phenyla~nopu~ne was much more active than 6-cyclohexyl- 
aminopurine (Fig. 7). The unsaturated long chain compounds, 6farnesylaminopurine and 
6-geranylaminopurine were both more active than 6-decylaminopurine (Fig. 7). Unexpected- 
ly, 6-farnesylaminopurine was consistently more active than 6geranylaminopurine in these 
tests. In direct comparisons of 6-propyl- and 6-allylaminopurine no consistent difference 
between the two was found. Possibly the low activity conferred by the short chain obviates any 
significant influence of unsaturation. 

The importance of structural features other than unsaturation is strikingly demonstrated 
by the fact that shifting the methyl groups from the y-carbon atom to the a-carbon atom of the 
ally1 chain greatly reduced activity. (see Fig. 18). 

The N6-is~~noid adenines are of special interest because of their natural 
occunence *O* 22-26 and extreme potency. 

22 J. H. RWOZIN SKA, J. P. HEUXSON and F. SKOOG, PhysioL PIantarua 17,165 (1964). 
a3 J. P. HELGESQN and N. J. LEONARD, Pm. Nat1 Acad. Sci., U.S. 56,60 (1966). 
a4 H. G. ZACHAU, D. DOUG and H. -MANN, Angew. Chem. 78,392 (1%6). 
25 R. H. HALL, M. J. ROBINS, L. STASIUK and R. THEDFOIID, J. h. chm. Sot. S&2614 (1966). 
26 D. S. LETHAM and C. 0. Mmm, Plmt Cell Physiol. 6,355 (1965). 
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The superiority of Ib over l’a in promoting organ-formation as well as growth in tobacco 
cultures is evident from comparisons of their e&&s in combinations with IAA in Fig. 8. 
Both substances promoted growth and bud formation, but by virtue of its much lower 
“toxicity” at high concentrations as well as its higher potency Ib was eno~o~ly more 
effective in promo~g development. 

It should be noted that b&h concentrations of kinetin (Ia) and especially of G(y,y- 
~rne~y~~yla~no) purine (Ib) permitted growth and development also in callus cultures not 
supplied with auxin. 

The relative activities of highly active cytokinins vary with the test system. Thus in tests of 
chlorophyll retention in leaf discs, 64enzylaminopurine (Ic) was most active and was followed 
in order by Ia, Ib and Id.271 28 

Comparisons of the activities of Ib and Id in the tobacco bioassay showed both compounds 
to be active down to 5 x KY5 PM in the most sensitive tests, but on the average Id was the 
more active. This is in agreement with reports z6* 29 of a minimum detectable concentration of 
10-lo-lO-ll M for zeatin in soybean bioassays. But ~(~,~rn~y~y~o)p~ne was 
reported as no more active than kinetin in this bioassay. The effects of serial #n~~tions of 
these two ~~1~ occurring cytokinins on appearance and yield of tobacco cultures may be 
compared in Fig. 9. In this assay the response to Ib was less tban optimal (as compared with 
Fig. 1). 

Ring substituted purine derivatives. 6Benzylaminopurine (Tc) was the most active ring- 
substituted cytolcinin which has been tested. Its average minimum detectable concentration 
from 16 experiments was 8 x 1W4 PM, and the concentration required for maximum yield 

27 H. Q. I-&em and F. S~ooa, Proc. Nut1Act-d Sci. U.S. 51,76 (1963). 
28 J. VAN OVBRBBHK, Private communic4i~ion. 
29 c. 0. -, pkmt ph;ysiol., s&. 40 WMvm (196% 
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was 0.07 PM. The corresponding average values for kinetin from 18 experiments were 
1.7 x 1W3 and O-1 PM respectively. In all tests in which direct comparisons were made (as in 
Fig. 6) its activity was between that of 6-(y,y-dimethylallylamino)purine and kinetin. 
6-(2?yridylmethylamino)purine, which differs from 6-benzylaminopurine merely in the 
exchange of a nitrogen atom for a carbon in the ring, had less than one tenth the activity 
of the latter (Fig. 10). Kinetin and 6-(2-thenylamino)purine, in which the oxygen atom 
in furfuryl is replaced by sulfur were about equally active (Fig. 10). 

Either removal of the methylene group attaching the ring to the N6-position or lengthening 
the bridge decreased the activity. Thus 6-phenylaminopurine and 6-@-phenoxyethylamino)- 
purine were less active than kinetin and therefore no more than a fifth as active as 6-benzyl- 
aminopurine. The depressive effect of lengthening the bridge also is illustrated by 6-[2-(2- 
furyl)ethylamino]purine, which was one fifth as active as kinetin (Fig. 11). 

FIG. 11. EFFECTS OF 6-(2-Fuuymmy~o)pmme (dFuEAP), 6-N-FCJRFVRYLMETWLAMINO- 
PURINE (6-ME-6-FuAP) AND KINETIN ON YIELD OF TOBACCO CALLUS. 

Expt. 59, July 2-Aug. 6,1964. 

6-(Cyclopropylmethylamino)purine and 6_cyclohexylaminopurine, the two tested sub- 
stances with saturated rings, were both less active than the above ring-substituted compounds. 
The only tested substance with a halogenated ring, 6-(5_chlorofurfurylamino)purine, was 
much less active than the unsubstituted kinetin control. Evidence from extensive tests with the 
radish leaf disc assay suggests that chlorine in the ortko-position in the 6-benzylamino series 
increases biological activity, in the me&-position it has little effect, and in the para-position 
it is highly inhibitory. Other substituents (-OH, -OCH3, -N02, -S03H, -NHJ all 
lowered the cytokinin activity. 4 Introduction of the highly polar deoxyribose ring in the 
6-position (as in Ie) gave an active cytokinin, with a detectable effect starting between 0.02 and 
0.1 PM and a broad maximum in the 2.5-25 PM range (Fig. 12). 

6-(2,3-Dihydroxy-3-methylbutylamino)purine was active starting at about O-1 PM in spite 
of its polar groups. The fact that these substances with two hydroxyl groups are at all active 
is unexpected in view of earlier evidence that 6-benzoyl-, 6-furoyl-, and 6_succinylamino- 



Cytokitfins: structure/activity relationships 1181 

purine were inactive, which led to the notion that the mere presence of a polar group in the 
side chain would eliminate cytokinin activity. 2 The extreme potency of zeatin also argues 
against this broad interpretation (see Fig. 9). 

Effect of modifying the adenine moiety, Not only the N6-substituent but aIso the Na-atom 
itself influences cytokinl- activity of adenine derivatives. This is shown by the ca. 100-fold 
decrease in activity resulting from the rePiacement ofN6with s sulfur atom as in (X) (Fig. 13). 
The removal of  the NH. ~roun m~ in l -~nzvl~uri~ ~nd I-(-~ ~.dlm~t-hvl.llvll~tJr,~ .1;.,;._ 
ated cytokinin activity; perhaps in this case by preventing the formation of'a 6-substituted 
derivative. 

The effect of  eliminating the NHz group from 6.substituted adenines, i.e. attach/ng 
the alkyl group directly to the 6-position of  purine has not been tested with substituents of 
appropriate size for cytokinin activity. It has been tried with 6-methyipurine, which was 
inactive, 
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P~G. ~3, ~ oF 6~?,~~YLrmo)l~pJ~m 6K?,pDMATP) ~ 6K?,~D~H~ 
A~X~t~O)~.m~m O~ ~ OF TOB~ CALLUS. 

Expt. 97, Nov. 17-D¢c. 22,1964. 

Substitution of a nitrogen atom for the 8-carbon atom in the p~ine ring of klnetin yields 
8-azakinctin, which has been claimed to be more active than kinetin in the carrot tissue 
bioassay. 3° The quoted optimal concentrations are 0-1-1"0 mg/L Tests of a sample kindly 
furnished by Professor Steward showed that in the tobacco assay these concentrations were 
supraoptimal for kinetin but not for the 8-azakinetin. Further comparative tests of 8-aza- 
kinetin and 6-benzylamino-8-azapurine, prepared by methods ~1 which preclude the presence 
of tn~  purine derivatives, showed that these substances possess cytokinin activity. However, 
they were only about 5 per cent as active as the corresponding true purine derivatives (Figs. 
14 and 15). The reason for the difference in quantitative results obtained with the two tissues 
has not been determkcd. As is shown in Fig~ 15, the aza-derivatives gave higher yields than 

F, C. SaxwAm~ with E. M. S ~ ,  L K. Pom,Am~, M ~  O. M A ~  and L MaT~, In Synthes/s efMo/e- 
calm'and Cellular Structure, 19th Growth SympoMum (Edited by D o R ~  Rx,'DNIcK), pp. 193-246. Ronakl 
Press, New York (1961). 

~1 R, Wmss, R. K. Romm and C. W, NO~LL, jr. O~. Cher¢ 25, 765 (1960). 
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the adenines in the tobacco test in the high range of concentrations referred to by Steward as 
optimal for carrot tissue. Perhaps, therefore, the claim for higher specigc activity of axa- 
kinetin requires further documentation. it is of interest that the exchange of the 8-C and 7-N 
atoms in kinetin to give ~f~~lp~l~3,~~p~~~ne completely eliminates cytokinin 
activity.2 ~~o~i~lyl-2-oxy~ti~ acid, another eon-Poe compo~d reported to have 
strong ~netinalike activity in carrot tissue,3o was completely without cytokinin activity in 
the tobacco bioassay (Fig. 16) and also in the radish leaf disc tented 

Recent reports on py~~~ne ~rivatives,32 and extmsive c~~~~tiv~ tests of urea 
derivatives in various test systems inning the tobacco bioassay 33 surest that suede 
other than pnrine d~va~ves may be active in a similar manner as kinetin. 

~n~~~c~ of #~ep~~~?~~~ ofthe ~s~~~~~~. ~onosu~ti~~d adenine de~va~ves with an 
a&y1 or aryl group in other than the N6-position exhibited apparent cytokinin activity to 
varying degrees depending on the position on the purine ring and also depending on the test 
procedure. 

EYarlier reports indicate apparent qtokinin activity of I-benzyl-and l-(y,~dime~yl~yl~ 
s~~titu~d adenines.27 l’n recent tests of ~goro~ly pur~~p~~tio~s by pans which 
anile exposure to heat, only the highest inflations were active. In the example 
shownin Fig. 17, the alter-ste~li~ sample of l-~~~de~ne was active only in the O+-124 
$44 range, whereas the sample which was autoclaved in the mutest medium came close to the 
activity of the N%somer. Less than 1 per cent l-+N6 conversion would account for the 
observed activity of the heated sample. Similarly~ l-~~,~d~ethyl~lyl~ade~ne can be 
activated by heat. In a typical experiment (Fig. 18) the autoclaved sample was almost ai 
active as its &isomer and considerably more active than ~~a,a~ime~yl~yl~no~p~~e. 
These results strongly suggest that a cyclixation causing inversion of the side chain was not 
involved in the activation process. Indeed, it has been shown that the major activation process 

=o.N. KULAYEVA,E. A. (h%Wmw, L. A. KWXEMCQ N. E. -VA, I, P. VOROBYOVA, E. A.. %%FOVA 
and M. B. K_LYACEiKO, USSR Ad. ScL Mos. l&902 f1965). 

33 M. I. BRUCE, J. A. Zwm and N. P. KERDRD, &if Sc#. 4* cuit(1965). 



involves ring-opened intermediates resulting in an exchange of the N atoms in the I- and 
N’$ositions.rl 

3~~,~rne~y~yl~d~e has been reported to possess cytokinin activity,34 but in our 
recent tests of it and also of 3&y&, 3-furfuryl-s 3-phytyI-, 3benzyl-, and 3~~,~e~y~~yl~ 
adenine, all these 3-substituted adenines were inactive as such. However, they may be con- 
verted to corresponding NQsomers all of which, except for 64lylaminopurine and 6phytyl- 
aminopmine, would possess high cytokinin activity. The results obtained with heated 3-fur- 
~~de~e (Fig. 19) indicate that the yield of active N6-product was lower than from the 
1 +N6 conversion. 

Fro. 17. &FECE9 OP AUTOCLAVBD AND FILTBJb- BIOASSAY SAMPUS OF l-nENzYLADENnw 
AIw6--moNm c3RowmwT~~cALLus. 

Expt. 83, Sep. ZP-Nov. 3,1%4. 

9-Substituted adeniues also are activated by conversion on heating, but as shown by results 
of comparative tests of I- and 9-(y,y-dimethyIallyl)adenines (Fig. 20), the 9derivative is 
activated much less readily. 

The first samples of 7benzyladenine and 7-(~,~rne~y~yl~de~e, when tested in the 
0.2-125 PM range, were both definitely active starting at 1 l O PM. A second, highly purified 
sample of 7-(~,r_dimethylallyl)adenine gave only a trace of activity at 25 PM. Autoclaving 
the medium after addition of the chemical did not increase the activity. Furthermore, the 
or&inal 7-(~,~y~~yl~~~ne preparation after thin layer c~~to~phy in EL 
CHC19: CHsOH (9: 1) solvent system gave much less activity at the Rf corresponding to 
7-&+dimethylallyl)adenine than the starting material, and also gave evidence of a highly 
active substance at the &corresponding to ~(y,~~~yi~y~o)p~e in this system. 

34 G. BJMU~XIX%~ and R. &WARE& Physid. E%mtutwm 16,630 (1963). 
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In a chromatogram of a mixture of 4 parts 6(~,~dimethylallylamino)purine added to 100 
parts 7-(y,y-dimethylallyl)adenine in which the two substances appeared as two distinct UV 
absorbing spots > 3 cm apart, enough 6-isomer was retained with the 7-isomer to increase the 
cytokinin activity above that of the original 7-isomer preparation. Enough disomer also 
had spread to be detectable by bioassays in other parts of the chromatogram. 

The 2-substituted derivatives, 2benzyladenine and 2-m-methoxybenzyladenine35 were 
inactive in the l-64 PM range. Also 2-(2-finfurylamino)purine 35 was inactive, but of course 
this compound lacks an NHs-group in the &position. 8-(y,y-dimethylallyl)adenine (up to I.0 
PM) also has been reported to be inactive.34 

- 

FIG. 18. EFFECTS OF ~-(~,~DI~THYLALLYLAMINO)PURINE, I+,~DIMETHYLALLYL)ADENINE AND 
~-(CZ,WDIMEWYLALLY=) PURINE ON YIELD OF TOBACCO CALLUS. 

Test samples autoclaved with tbe nutrient medium. Expt. 43, May S-June 12,1964. 

On the whole, tests of monosubstituted derivatives point to the conclusion that only 
N%ubstituents confer cytokinin activity on a&nine and that other derivatives with apparent 
activity are converted to the N%somers. The ease of this conversion decreases in the order: 
1>3>9. 

The tests of 7-substituted adenines suggest that the observed activity was due to contamina- 
tion with traces of theN6-isomers which are difficult to remove completely by chromatography. 
They indicate that the 7-substituted adenines themselves are inactive, in agreement with an 
earlier report,34 and furthermore, that they are not readily convertible to active products by 
heating. This behavior is in agreement with expectations from the postulated N6-isomer 

35 Kindly furnished by F. S. Okumura. 
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Fia. 1% &FE!2 OF AUT0CL.A YED AN13 FILTER SIBRILIZED TlST SAb4PLES OF 3-~~Y~~ ON 
GROWTH OP ‘IDRACW CALLUS. 

B.C.=Basd control; K.C.=Kinetin control. Expt. V-l, May 2S-July 5 1965. 



1186 FOLKS S~ooo et al. 

formation by rupture and reclosure of the purine ring l7 which pathway would exclude the 
7-substituted adenines as possible sources of N6-substituted adenines. Degradative removal 
of 7-substituents followed by N-substitution to produce trace amounts of cytokinins would of 
course be possible, expecially in heated, concentrated preparations. Although 2- and 8-sub- 
stituted adenines apparently are inactive, further investigation is required to determine 
whether high concentrations may be active or whether these substances are subject to activa- 
tion by chemical conversion. 

Relative activities of disubstituted adenines. In each of 10 tested cases, the addition of a 
second substituent to a highly active 6-substituted adenine reduced its activity. The degree of 
this reduction varied with the position and nature of the substituent. 

The addition of a methyl group in the N6-position of kinetin or 6benzylaminopurine 
caused at least a lOO-fold loss in activity. Results for N-methylated 6-furfurylamino- and 
6benzylaminopurine are included in Figs. 11 and 21, respectively. N6,7-Dibenzyladenine and 

LOG0 CONC’N CPM) 
FIG. 21. EFFECTS OF 6-BENZYLAMWOPURINE (6-PAP), 6-BENZ~ AMINO-I -METH~L~URINE (1 -ME-~- 

BAP AND 6-N-BENZYLWTHY LA&fINOPURINE (6-ME-6-BAP) ON YIELD OF TOBACCO CALLUS. 
Expt. 109, Dec. 24, E&l-Jan. 28,1%X 

N6,9dibenxyladenine, when autoclaved with the nutrient medium, were active starting at 
O-02-0.1 PM, and reached optimal activity at O-5 PM. When they were not exposed to heat in 
the testing, only higher concentrations were active. The corresponding l-substituted isomers, 
1,7-dibenzyladenine and 1,9-dibenzyladenine were almost as active as the N6,7- and N6,9- 
isomers, respectively, when they were autoclaved in the testing, but when they were filter 
sterilized only high concentrations had appreciable activity. 

In general, results obtained in tests of disubstituted adenines were much more variable 
than those of N6-monosubstituted adenines. They suggest that even if the disubstituted 
adenines are active as such, increased activity often results from activation in the testing 
process, presumably from removal of substituents in other than the N6-position. In the case 
of disubstituted adenines with a substituent in the l- but not in the N6-position, conversion to 
the N6-isomer is probably a prerequisite for biological activity, and increased activation 
might result from loss of the other substituent. The numerical data for disubstituted com- 
pounds given in Table 1, therefore, merely indicate the presence and relative order of activities 
of these substances under the test conditions. 
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The effect of substitution in the l-position has been further tested with 6-benxylamino 
purines. A l-methyl group practically removed cytokinin activity (see Fig. 21). A I-benzyl 
group was somewhat less depressive. The difference in effectiveness between the two may be 
explained by easier removal of the I-benzyl group and the assumption that both l-substituted 
derivatives are themselves inactive. This interpretation is supported by the complete removal 
of activity from the extremely active 6-(y,r-dime~y~yl~nolpurine when its y-carbon 
atom was bound to the l-position, thus forming the t&cyclic compound 6,6dimethyl- 
1,3,4,5a,9-pentaaza-5a,6,7,8-tetrahydro-3H-benz[e]indene. On the basis of the above 
reasoning I-benxyl-6-methylaminopurine (XIV, as the base) would require both the 1+N6 
rearrangement and loss of the methyl group to become active. As expected, this compound 
had practically no cytokinin activity. In our tests with tobacco callus the 9-ribosides of 
kinetin and ~(~,~~thyl~yl~no~~ne (see Fig. 12 for the latter) were 2-5 times less 
active than their respective free bases. The apparent “growth vigor” (texture) of callus grown 
in the presence of high riboside concentrations was striking. A related substance, 6benzyl- 
amino-9-(2-tetrahydropyranyl)purine, reported to be exceptionally potent in promoting 
chlorophyll retention and keeping quality in plant ti~sues,~~ was almost as active as 6&enzyl- 
a~nop~ne itself in promoting growth of tobacco callus. The high ~i~ty~y be due to the 
lability of the 9-substituent. 

Substitution of a methyl or benxyl group in the 3-position of 6benzylaminopurine also 
drastically reduced, or perhaps removed, cytokinin activity. 3(y,y-Dimetbylallyl)-7-methyl- 
adenine, as expected, was completely inactive. 

We conclude from the above tests of adenine derivatives and closely related substances 
that high cytokinin activity is limited to N6-~nosu~titu~ compounds. The 9-ribosyl 
substituent, however, still allowed for relatively high activity. Whether or not adenine deriva- 
tives with substituents in other than the w-position may be active as such, high potency is only 
obtained by rearrangement to the N%somers. Additional substitution on the purine ring of 
N6-substituted derivatives lowered the activity in all tested cases, Active substances which are 
not adenine derivatives, such as ~(~,~~rne~y~yl~o~~~ and the 8-amderivatives of 
k&tin and ~~~op~e, are exceptions which tend to emphasize rather than mini- 
mixe the stringent structural requirements for activity. Essentially an adenine moiety seems 
to be required but the detailed structure, size, shape, composition, saturation, and charge of 
the substituent groups strongly influence activity. 

ortam urea derivatives seem to be exceptions to this rule.j3 Although these undoubtedly 
promote growth in the same bioassay systems as do adenine derivatives, it still remains to be 
determined whether they function as such in the same or in related growth controlling 
mechanisms. 

In any case the cytokinins are a broad generic group which includes some of the most 
active known biochemicals. Their natural occurrence in RNA,24* 251 37 and recent localization 
immediately adjacent to the anticodon in serine tRNA’e I and II suggests a specific role in the 
control of amino acid incorporation in macromolecular syntheses. The exact manner in 
which cytol<inin molecules may function in this process, either as free bases or as #~tit~ts 
of RNA, is a new field open for systematic investigation with interesting prospects of increased 
mdmm&lg ofcytokinin action. Hopefully, some new light also may be shed on the general 
problem of hormonal regulation of growth and development. 

36 J. VAN ~)WRBUX, Pm. Plant Sci. Sym~., P. 37. camdan, New J-Y (1962). 
3’ F. smxm, D. J. -9 J. D. CEIFRA~ A. C. HAMPEE, and R. M. Boix, Sc&mce lS4, 1354 

(1966). ‘ . 



1188 FOLKE S~ooo et al. 

EXPERIMENTAL 

Synthesis of Test Sabstances 

syntheses of the following compounds have been reported elsewhere: 

~lly~opurine,3, 4* 38 ~,~~thy~y~~e hy~~~o~de,s~~ r2 
l-~nzy~~~ne,ll, 39 ~(~,~ime~y~~yl~o)p~i~,39* 53* s5 
l-~~yl~~~~nopu~e,~ N~y,~~ethy~lyl)ph~limide,sl 
3-benzyl-6-benzylaminopurine,40~4t 1 -methylademne,s4 
6-benzylaminopurine,~s-4~ 6-methylaminopurine,S4 
7-benzyl-6benzylaminopurine,40 6-N-benzyimethylaminopurine,~ 
9-benzyl-6-benzylaminopurine,4~~ 4s 7-methyltriacanthine perchlorate (3-(y,y-di- 
1,7dibenzyladenine,40 methylallyl)-7-methyladenine perchlorate),s” 
1 ,9-dibenzyladenine,4 3-phytyladenine,“’ 
6-dibenzylaminopurine,47 6-(y,~dimethylallyhunino)-9-g-D-r&o- 
I-(~,$imethylaliyl)adenine~t ‘39 furanosylpurine,lt 
7-(~,@methylallyl)adenine,4s~ 49 6,6dimethyl-5a,6,7,8-tetrahydro-l,3,4,5a,9- 
9-(y,y-dimethylallyl)adenine,4*~ 49 pentaaza-3H-benz[e]indene,11 
y,~imethylallyl alcohol,50 6-furfurylamino-8-arapurine (azakinetin)31 

~(cyc~opropyI~t~y~~)p~~e ~Z,~C~~)2C~C~~). ~lo~~ylmethyl~~, obtained from the 
commercially available ~~~~ori~, was purified by ~st~ation, b.p. 83-84”, e 1.4298, NMR t values 
(CC14, TMS) 9.71 and 9-15 (5 ring protons); 7-52 (doublet, J= 6 c/s, 2 exocyclic protons); 859 (NH2 protons). 
A solution of 4-2 g in 50 ml of n-butanol was added to 3-O g of 6-chloropurine and heated under refhxx for 4 hr. 
The solution was evaporated to dryness in vacua Ieaving a slightly yellowish solid which was triturated with 
water, collected on a filter, washed with water, and dried. The crude product (3.51 g, 96 % yield) was mcrystal- 
lized from So% aqueous ethanol as colorless prisms, m.p. 231-233”, which gave a single spot in two paper 
.br .aiil ,~..~~r&& systems; h$$rr 268 nm (E 17,600), hmin 228 (1,900); AEz 268 (17,800), A,,,,” 231 (2,000); 

L.5 ‘;; 
l-l(:ll 271 (16,700), Amln 

&) 
233.5 (2,600); A”& (O*lN NaOH) 274 (17,400), 281 (13,7OO)(sh), Am,,, 

Ani Cal&. for CsHrrNs: C, 57.12; H, 5.86; N, 37.02. Found: C, 57.41; H, 5.91; N. 36.88. 
Thepicrute crystallized as yellow needles, m.p. 240-242” dec., from 70% aqueous ethanol. 
AnaZ. Calcd. for CrJH14Ns0r: C, 43.06; H, 3.37; N, 26.79. Found: C, 42.95; H, 3.30; N, 2666. 
The Zzy&&rforide separated as colourless shafts from absolute ethanol, m.p. 225-227” dec. ; NMR T values 

@,O,externalTMS): 1*2Oand l-15 (2purineH’s); 6.07 @-I, doublet, 5=8, cis, N~H~);8.38(lH,multipI~) 
and P-09 (4H, multiple& cyclopropyi protons). 

Anal. C&d. for c9Hr2ClNs: C, 47.89; H, 5.36; N, 31.04. Found: C, 48.13; H, 5.39; N, 30.74. 
1 ,~-Di~~y~~~~ne Pere~~orate. The salt was prepared from 1 ,9~~~~d~ine4a and perchloric acid 

in ethanol and was recrystallized from the same solvent, m.p. 180-181”. 
Anal. Calcd. for CrsHrsCIN504: C, 54.87; H, 4.36; N, 16.85. Found: C!, 5455; H, 4.27; N, 1677. 
Di- and tri-(y,y-dimethykdlyI)amime hyakochkwides. To Il.3 g (0.13 mole) of y,y_dimethylallylammest~ $2 

38 H. E. SKIPPER, J. A. MONTGOMERY, J. R. THOMSON and F. M. SCHABEL, Ja_, Cancer Res. 19,425 (1959). 
39 N. J. LEON- and T. FUJII, Proc. NatI. Acad. Sci. U.S. 51.73 (1964). 
40 N. J. LEONARD, K. L. CARRAWAY and J. P. HELGESON, 1. Heterocyclic Chem. 2,291(1965). 
41 J. A. MONTHLY and H. J. THOMAS, J. Heterocyclic Chem. 1,115 (1964). 
“1J.W.DfiYandB.E.Csia ISIENSBN, J. Org. Chem. 21, 177 (1956). 
43 C. G. SKINNER and W. SHIVE, J. Am. Chem. Sot. 77,6692 (1955). 
M M. W. BULLOCK, J. J. HAND and E. L. R. SDXSTAD, f. Am. Chem. Sot. 78,3693 (1956). 
45 M. W. BULLXK and J. J. HAND, .?. Ol;p. Gem. 22,568 (1957). 
46 VON H. G~LDNER and E. cA&Q’ENS, J. P&t. Cfzem. 12,242 (1961). 
47 0. M. BLACKBURN and A. W. J O?iNSoN, J. Gem. Sue. 4347 (1960). 
45 R. DFZNAYER, A. CA& and R. GOUTAREL, Compt. Rend. 253,2994 (1Wl). 
49 N. J. -ARD and J. A. DE~RUP, J. Am. Chem. Sot. 84,2148 (1962). 
50 J. KNIGIXI-S and E. S. WAIOHT, J, Ckem. Sot. 2830 (1955). 
51 J. H. S~~~AUJILE, Ph.D. Thmis, University of Illinois (1962). 
s2 D. !SEMENOV, C.-H. SHIH and W. G. YOVNO, J. Am. Chem. Sot. 80.5472 (1958). 
53 A. CAM& Doctor of Natural Sciences Thesis, University of Paris (1962). 
s4 J. W. J~NIZX and R. K. RQBINS, J. Am. Chem. Sot. 85,193 (1963). 
Ss S. M. IIEcIIT, J. P. HBLOBSON and T. FUJII, In Synthetic Procedures tn Nucleic Acid Chemistry, Ina, 

New York (In press). 
56 N. J. LEONARD and T. Fvm,J. Am. Chent. Sec. @5,3719 (1963). 
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was added dropwise 5.96 g (@04 mole) of y,y-dimethylallyl bromide .57*58 When the addition was complete 
the mixture was heated at 95-100” with stirring for 4 hr. The cooled mixture was nmked basic @&OH) and 
exQ@ed with ether. The dried ethereal extracts were evaporated under a Vigmux column and then fraction- 
~IY~~~~v~e~~. Thefraction (2.52 g) boihngat91-92°(15mm),x$~ 14623, ~~~33OOcm-r (N-H), 1675 
(WI was mainly di_(y,ydimethylallyl)amine and that (0.93 g) boiling at 130-133” (14 mm), nf: l-4752 
z#,mX 1675 cm-r (C==C), was mainly tri-(y,y-dimethylallyl)amine. 

Di+w-dimethWW)amine hyakhforide was formed from the secondary amine fraction and HFl in 
ether-ethanol and was recrystallixed from the same+solvHznt as leatlets, mp. 202-204 dec. (preheated at enher 

100” or 180*), ~$2’ 2809-2700, 2430 cm-1 (N<H CI-), 1676 (C=C), 1575 &l-I& single spot on 

paper cbro~t~. 
Anal. Calcd. for C&H&lN: C, 6330; H, l&63; N, 7.38. Found: C, 63.45; H, l&61; N, 759. 
?Wy,y-dimethykW@mize hydrocidorkkwas obtained from thetertiary- fractioninasimilarmanner, 

m.p. 211-212” dec. (bath preheated at either 100” or l&o”), vrrmx N”loi 2465 cm-t (N-H Cl-); 1677 (c-c); single 
spot on paper chromatogram. 

Anal. Galcd. for CtsHssCIN: C, 69.87; H, lQ95; N, 5.43. Found: C, 69.70; H, 10.98; N, 5.52. 
qa,a-D~~th~~~~~)pu~~ (Z,Z&=Gi+CH-C(CH3)2-). A mixture of 1 g (3.7 m/mole) of 6- 

~o~g~-~~l)~ne*~~62g of ~~i~~yl~lylamine~~~~wrtsheatodunder~uxwith 
stirring for 24 hr. in a nitrogen atmosphere. It was poured into 5 ml of ethyl acetate and cooled overnight at 
- 15”. The solid which separated (048 g, m.p. 230’) was identified as cc+dimethylallylamine hydrochloride. 
The tiltrate was concentrated in Nr, and further cooling produced a solid, which was recrystalhxed from 
ether to give 068 g of 6-a,c+dimethylallylamino-9-tetrahydropyranylpurine, m.p. 121’. The hydrolysis of the 
blocking groupwas accomplished by stirring this compound in 25 ml of ethanol and 2.5 ml of NHCl for 4 hr. 
The pH of the solution was adjusted to 7.5 with 4N NaGH, and the solvent was removed in vacuum. The 
solid was digested with absolute ethanol, the ethanol solution was filtered, and the t&rate was evaporated to 
dryness. Recrystallization from ethyl acetate atforded pure qa,a~~~~~no)pu~, m.p. 197”, 
XH& @H 1) 275 nm (E 16,200), &,,in 234 (2,400); AZ2 (pH 7) 269 (16,700), &, 230 (2,100); X%g (pH 12) 283 
(sh), 275 (16,400), &,,I, 240 (3,309); NMR r values (DMSG-&, TMS): 8.38 (6H, two CHr groups), in 
OH, _/H(A) 

, (A)==365, (R)=487, (X)=5*10(3H, JAB= 17.8, J,=l.O, JAx= 1@8 c/s, ARXpattern), 
@PI’ ’ 
1.86 (lH, puke proton), 1.46 (NLH), 1.72 (lH, purine proton). 

Ai&. Calcd. for CleHtJNs: C, 59.09; H, 6.45; N, 3446. Found: C, 58.88; H, 644; N, 3388. 
9-(2-Tetra~~p~~a~y~~i~(~. A~xtu~of~5gofS%~lC,~5gofM~~d~~of~%~~~ 

ethanol was stirred for several minutes at 25” in Hz (1 at.), and a soIution of 1 g (42 mmole) of 6-chloro-9-(2- 
tetrahydropyranyl)purine * (IV) in 5 ml ofethanol was added. After 10 min the theoretical amount of hydrogen 
had been absorbed. The catalyst was removed by tihration and washed with ethanol. The combined fhtrates 
were a&tsted to pH 8 with dil NagOr and were taken to dryness on a rotary evaporator. The residue was 
digested with 50 ml of ethyl acetate and filtered. The Skate was evaporated to dryness in Ns and taken up in 
3O%~ine~. ~~~t~g~luti~~~~togi~O*7Og(82~~of9~-~o~yl~~ 
(V), m.p. 62-63”. The m.p. of a mixture ofthis product with the starting material, m.p. 67-69”. was depressed 
to 42-58”. Thin-layer chromatography showed a single snot, and the NMR speotrum was consistent with the 
structure assigned, with the purine ring protons appearing at 7 values (CC4, TMS) l-72,122 and 1.00; hH,‘,O, 
@H 1) 260 nm (s 6,359) I\ze (pH 13) 261 (8,000). 

A&. Calcd. for Cl$It2N,0: C, 58.81; H, 5.92; N, 27.44. Found: C, 5859; II, 590; N, 27.19. 
l-(y,y-DimethyIaUyl)purine ( WZ). A mixture of 2.04 g (@Ol mole) of 9-@-te~yran~l)pti~ or), 

25 ml of dry diithylformamide and 30 g (@02 mole) of y,+knethylallyl bromide was heated at 80“ for 4 hr 
with stirring and then poured into 250 ml of ether. The ether was decanted from the brown residue 0. A 
solution ofthe residue in 50 ml of water was heated at 100” for 2 hr (PH l), treated with chamoal, and filtered. 
The filtrate was brought to pH 7.5 with dil NaOH and extracted with CHCl3. The extracts were dried, partially 
evaporated, and ether was added. Puritication of the solid (600 mg) was effected by recrystallixation from 
toluene, sublimation, and recrystallixation from ethyl acetate as colourless needles, m.p. 149’; AH&?! (PH 1) 
270 mu (c 7,500)s &l1o 237. hEa, (PH 7) 276 (7,450), Ad,, 247; A%s (PH 11) 276 (7,450), &,,i,, 247; NMR 7 
~alucs (CDU,, TMS) 8*12’(6H, singlet, CHs-C-CHs), 501 (2H, doublet, C&--N), 4.55 (H-I, multiplek 
CH=), 1.42 (2H) and l-30 (1H). 

A&. aed. for CtaHtaN4: C, 63.38; II, 643; N, 29*80. Found: C, 6364; H,6*78; N, 29.58. 
l-~~~~i~ (VZZZ). This compound was obtained by bettxylatiion of ~~~~~~~ cv) 

s’ H. L. Snro~, AD. IUw, JR. and H. SCHINZ, Helv. Ckm. Acta 29,1133 (1946). 
58 W. KUHN and H. SCHINZ. He/v. Ckim. Acta 3!i,u)o8 (195% 
$9 G. F. mgm and R S. mNzI?L, J. Am. Chem. SOL 82,4w8 (1960). 
60 G. F. f and E. G. w, J. Am. Chem. Sot. 7% 1653 (1953). 
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with benxyl bromide followed by hydrolysis in the same manner as described above. Purification was effected 
by recrystallixation from ethyl acetate as light yellowish needles, m.p. 212-213”; AH,‘,“. (pH 1) 268 nm, (pH 7) 
276 (pH 11) 276 and corresponding hgg 238,247 and 247, similar to the spectra of l-methyl- and l-ethyl- 
p&e;14 NMR 7 values (CD& TMS) 4.53 (2H, N-CH& 2.71 (SH, phenyl protons), l-55, l-42, i-35 
(purine protons). 

A&. &ld. for Cr2H10N4: C, 68.63; H, 4.80; N, 26.68. Found: C, 68.38; H, 4.61; N, 26.52. 
This mmpound was iden&aJ with an authentic specimen made via the d~~f~i~tion of I-benxyl-6- 

thiopurine (IX)’ 2 with W-2 Raney nickel in refiuxing ethanol. The conversion was essentialfy complete in 8 hr. 
The catalyst and solvent were removed, and the residue was recrystalhxed from ethyl acetate, needles, m.P. 
210-21 lo, undepressed whenmixedwiththesamplepmpared viabenzylation Of 9_(2_tetrahYdropyranu)lpurine. 
This comparison validates the structure of l-(y,y-dimethylallyI)purine prepared by the latter route alox~. 

6-(~,~Dimethyiulty~thio)pur~ (X). To a stirred suspension of I.0 g (6.6 mmoles) of 6-thiopurine and 0.9 g 
(6.6 mmoles) KzCOs in 5 mlof dimethylformam ide was addedO*9 g (8.6 mmoles)of l-chloro-3-methyl-2-butene 
(Eastman Practical Grade), and stirring was continued at 25” for 45 min. 13 The resulting clear solution was 
poured into 50 ml of water, brought to pH 5 with 2N HCI, and filtered. The solid (0.82 g, 57 “/,, was recrystal- 
lized from ethylacetate as colourless, flutfyneedles, m.p. 1655-167’; h- 95s EtoH291 nm(r20,400), 215(14,400), 
h,,, 245 (4,000); hgz atoB (O*lNHCl)292 (18,500), 215 (13,300), hmin 245 (3,900); A?$$ E*ori 01NNaOHh 
2925 (17,800) &,a, 252 (5,400); NMR r values @MSO-d6, TMS) 8.26 and 8.24 (6H, CHs-C-CHr), 5.93 
(2H, doublet, J=8 c/s, 0&-S), 454 (lH, trrplet, J=8c/s, CH=), 1.49 and 1*24(2H, singlets, purine protons), 
-33 to-3.8 flH, broad, NH). 

Ad. Cal& for C10H12N4S; C, 5452; H, 5.49; N, 25.43. Found: C, 54.43; H, 5.49; N, 25.45. 
a~T.R.=(CH~)2C=Cn(tU2)2C(C~~~~(C~~)*C(C~3~C~C~-).Asolution 

of 2.9 g (12 mmoles) of ~hlo~~~-~r~~~l~~ (IV) and 5.8 g (26 mmoles) of f~y~~e61 
in 20 ml of dioxane was stirred overnight at 25” under Nr. The dioxane was removed in vacw and the residue 
was dissolved in ether and extracted with water. The ethereal solution was dried and evaporated. The resulting 
oilwasdissolvedinmethanolandthe solutionwas brought topH I with 2NHCl. After stirring thesolutionfor 
3 hr, it was neutralized with Dowex-1 (Hq), filtered, and evaporated to about 20 ml. Addition of water to 
incipient cloudii followed by cooling caused the precipitation of a brown solid which formed a gum on 
filtration. Recrystallization of the gum from aqueous methanol and then from ethyl acetate yielded 0.67 g (16 %) 
of solid which was homogeneous by TLC (1: 1 ethyl acetate N: methanol). Two further recrystallixations from 
aqueousmethanol gavemicrocrystab, np. 118-126”; Azg EU)H 27Om(r 19,100), A,,,230f2,200); hza xloH 
(0.1 N HCI) 280 (18,200), hmln 237.5 (3,950); A’&% BtoH (0.1 NNaOH) 2765 (19,600), 285 (14,500), h,,, 243 
(5,250); NMR =r values (CDCl>, TMS) cl-83 (12H, CHr’s), 7*7-&l (8H, C!H;s), 53-5.8 (2H, CH,-N), 
43-5-1 (3H, multipiet, CH=), 3.134 (lH, multiplet, 6-NH), 199 and 154 (2H, singlets, puke protons), 
-33 to -2-2 (lH, multiplet, g-NH). 

Allai. Calcd. for C20HsgNs: C, 70.75; H, 8.61; N, 20.63. Found: c, 7059; H, 864; N, 2060. 
~Gff~y~~~~ (Z.R. = (C~~2C=Cu(ca2)2C. The compound was prepared 

from geranylamine61 and ~~oro-9~~~y~p~l) purine (IV) as described above for 6-farnesyl- 
amhtopurine. Recrystalli~tion from aqueous methanol yielded bhmt needles, m.p. 147-151” (reported3 
146-148”), yield 660/; r: 
;\m,,, 237 (3,750); A$ ’ ‘_*_ 

E ‘ur 269 mn (E 20,900), &,, 229 (1,900); k9&% BtoH (O-1 N HCl) 2795 (f9.100), 
p k I N NaOH) 276 (22,800), 2835 (sh) (16,800), &,,a, 2425 (5,400); NMR r values 

(CDClr, TMS) 8.40, 8-32 and 8.25 (3H each, singlets, CHs), 7-7-8.0 (4H, multiple& CHrCH~), 563 (2H, 
multiplet, CHs-N), 44-5-3 (2H, multiplet, CH=), 3-0-3-3 (IS, multiple& 6-NH), 1.87 and I.43 (2H, 
singlets, purine protons), -3.7 to -41 (IH, broad, 9-NH). 

Ad. Calcd. for CtsHsrNs: C, 66.38; H, 7.80; N, 25.81. Found: C, 6657; H, 7.78; N, 25.77. 
6-Benzytamino-l-methylgurine (XZZ, one tautotneric form shown). A solution of l-3 g (5.1 mmoles) of 6- 

benxylthio-lmethylpurine (Xl),14 25 ml ofbenxylamine, and 100 ml of abs. ethanol was stirred for 9 hr at 35”. 
The solvent was removed under vacuum, and the residual syrup was pouted into 600 ml of ether. The precipi- 
tate was recrystallixed from absolute ethanol as colorless microcrystals, m.p. 254-255”, yield 060 g (49 “4; 
#Ia&: BfoH 280 mn (f 14,900), 229 (20,100), &m 249 (4,900); h, SW0 aton (0.1 N HCl) 265,269 (dual) (14,700), 
&,,,,, 234 (3,800); llgz4 HtoH (@ 1 N NaOH) 274,278 (dual) (18,700); h* 244 (6,400); NMR 7 values (DMSO- 
d& TMS) 6-33 (3H. singlet, C&, 4.53 (2H, singlet, CHa), 2.65 (S+H, muhiplet, phenyl protons), 2-15 and l-85 
(1H each, singlets, purine protons). 

Anal. Cakd. for C1sHr3Nr: C, 6525; H, 548; N, 29.27. Found: C, 6553; H, 5.35; N, 29-51. 
6~~yt~~~3-~t~y~~ine. A solution of 1-O g (4.4 mmoles) of 6&nxylaminopurine,42-4 O-4 ml of 

methyl iodide, and 25 ml of anhydrou~ dimethylformamide was stirred at 35” for 48 hr. The solvent was re- 
moved on a rotary evaporator using an oil pump. The gummy residue was heated with 5 ml of ethanol, and 
1.45 g of solid was collected on cooling. The solid was taken up in ethanol, and 4NNaOH was added to pH 9. 
Water (3Oml) was then added, and the ethanol was partially removed. After cooling 0.83 g (78 “/@ of colorless 
needles was collected and recrystallized again from water, m.p. 203-204”; X2& a* H 291 mn (E 17,500). 218 

61 The amine was generously donated by Hothnann-La Roche, Inc., through the courtesy of Drs. John Lee 
and W. E. Scorr. 
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(19,000). Xd,, 248 (3,700); A’&: “OH (0.1 NHCI) 286 (23,500), &, 242 (4,100); ~~~ BtoH (0.1 NNaOH) 291 
(18,300). &al* 248 (4,900). 

Ad Calcd. for C&sNs: C, 65.25; H, 548; N, 29.27. Found: C, 6553; H, 5.61; N, 2954. 
I-Benzylknethykwninopurine Hydrobromide (XIV). A solution of 4.0 g (164 mmoles) of 6methylamino- 

9-(2-tetrahydropyranyllpurine (XIII),* 2.2 ml. of benxyl bromide, 50 ml of 2,6_lutidine, and 50 ml of acetoni- 
trile was heated at 75” for 12 hr. The solvents were removed in vucuo and the residue was taken up in ethanol, 
partially evaporated, and cooled. The recovered starting material was removed by tiltration, and the filtrate 
was evaporated to dryness in vacua. This residue was dissolved in water, and the aqueous solution was extracted 
with ethyl acetate. The water layer was concentrated under vacuum, cooled and filtered. The filtrate was 
evaporated in vucuo. The resulting residue was triturated several times with benzene to yield cu. 65 mg (O-12 “%) 
of white solid, m.p. 215-218”; NMR T values @MSO-& TMS) 646 (3H, singlet, CHs), 4.25 (2H, singlet, 
CH2), 2.63 (5H, singlet, phenyl protons), 1.4 and 1.1 (1H each, singlets, purine protons). 

Qualitative;u.v. data were obtained on the sample recovered from the NMR run after neutralization; 
AEgH 278 mu I\mln 251; efi’ mog 263, &,,, 240; h:e B*oH 271,279 (shoulder), &,,i, 246. These maxima and 
minima are clearly similar to those reported for other 1,N~disubstituted adenines.~ 

Anal. C&d. for CisHi&Ns: C, 48.76; H, 441; N, 21.56. Found: C, 48.88; H, 4.67; N. 1994. (Incon- 
sistent, low values for nitrogen were obtained, whereas all other properties were satisfactory). 

Methyl 5-Deoxy-5_(puri~f~~s~ (Ze). This kinetin analog has been synthesimd 
bythereactionofdchloro-9-(2-tet~yd~pymnyl~~~withmethyl5-amino-5d~-2,3-O-isopropylidcnc 
B-D_ribofuranosidetogivemethyl 5aeOxy-~3-O-isopro~lidenez-[9-(2-tetrahy 
/3-D-ribofuranoside, followed by t reatment with methanol and HC1.62 

6-(y,rDsmethy~l~l~i~~9-~-~i~f~sy~ribo/r. The vrimental wxcdure was Ratterned after 
the method which Jones and Robinss4 used to make the corresponding methyl-derivative. A mixture of 5.34 g 
(O-02 mole) of adenosine, 5.96 g (0.04 mole) of y,ydhnethyiallyl bromide and 80 ml. of dimethyla&amide was 
stirred at 20’ for 27 hr., followed by evaporation and treatment with ether. The crude salt (50% yield) was 
separated by decant&ion and dissolved in 100 ml of 045 N NaOH. After heating at -95” for 75 min, the 
mixture was cooled with ice-water. the DH of the mixture was adjusted to 7.5 with 10% HCi. and the oil which 
had separated was extracted with ethyl-acetate. The ethyl acetate solution was dried-&d evaporated in vucuo, 
leaving a reddish brown oil which solid&d when triturated with cc. 30 ml of absolute ether. After four re- 
crystallixations from absolute ethanol, the product was obtained as small prisms, m.p. 142-143”; zi%rr 
271 mn (E 19,200), h& 232 (2,000); A”& 269 (20,000), &,,,,, 232 (2,300); G:= 265 (20,300), h 233 
(3,900); h”d:r NaoH 269 (19,800), htim 234 (3,200). 

AMI. C&d. for CisH2tNs04: C, 53.72; H, 6.31; N, 20.89. Found: C, 5348; H, 6.33; N, 20.73. 
The synthesis has been improved by Dr. W. A. H. Grimm at Illinois. i* Since the original synthesis by Dr. T. 

Fujii,ts another method of preparation has been mported by Hall, Robins, Stash& and Thedford,ss and 
a(y,rdimethylall~~-~-~~~~~yl~ has been isolated from serine t-RNA24 and from yeast 
s-RNA25 and calf liver s-RNA.25 

6-(~3-DiAydrawy-3_merkvrbsrtylamino)gsv. This compound was prepard by reacthm of 6-(y,y-di- 
methyUylamino)purine with basic potassium wte in t-butanol : water (2 : 5). Crystailixation from 
water yielded a white solid, mp. 258-259’ ; Aga moH (O-1 NHCl) 275mn (c 15,600). Amin 237 (2,200); a&?$ BfoH 
269 (16,6UO), &,,,,, 230 (879); &$ xfoH (0.1 N NaOH) 276 (18,200), 285 (shoulder, 13,500), &,, 242 (4,100); 
NMR 7 values @MSO-& TMS) 8.88,8.85 (3H each, CH,-C-CH s), 66g(center ofm,4H), l-85,1.77 @I-I, 
sim@ts, purine protons). 

Ad. C&d. for CloHiSNsOr: C, m62; H, 6.37; N, 29.52. Found: C, s86; H, 649; N, 2960. 
Another sample, identical in U.V. spectral characteristics and chromatographic behavior was prepared by 

the following improved procedure. A mixture of 2.1 g (10 mmoles) of 6+,y-dimethyllylamino)purine, 1 g 
~5mmoles)ofsodiumhydroxi&,U)Omlofwater,and500mloft-butanolw~chillcdinanicebath. Achiiled 
mixture of 1.9 g (12 mmoles) ofKMnO4 and 1 g (25 mmoles) NaOH in 200 ml Hz0 was added quickly in one 
batch. After 15 min of vigorous stirring, 2.75 g (26 mmoles) ofNaHSO3 was added and stirring was continued 
for 15 min. The mixture was then allowed to stand for 2 hr. The MnOz was filtered otI and the filtrate was 
adjustedtopH7(4NHCl). Afterconcen tration to about 100 ml in vurwo the filtrate deposited l-7 g (69 “/ of 
6-(2,3dihydroxy-3methylbutylamhto)purine, mp. 258-260”. 

Bioassqv Proceriures 

General test procedures have been mported.*** 63164 
The test substances were dissolved in double distilled water of slightly less than the desired tinal volume by 

heating for 10-20 min in an Arnold steamer. However, noheatwasusedinthepreparationofthesolutions 
which were filter sterilii. Instead the weight of chemical requhed to make 100 ml of a 50-100 PM solution 

6s N. J. LBONARD and K. L. CARRAWAY, J. Heterocydic Chem. 3,485 (1966). 
63 T. MUUSHIGE and F. Sxooo, Physiol. Pkmtarum l!$473 (1%2). 
64 R. M. LIhLpMAIER and F. Stcooo, plpsfol. PIonturum 18,100 (1965). 
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was suspended in a slightly smaller volume, and the solution was shaken by hand until the chemical was dis- 
solved. 3-5 drops of 1 NHCl were added if necemary to dissolve the substances. The volume was then adjusted 
to 100 ml and appropriate volumes and serial dilutions were prepared by mixing water and double strength 
basal medium. At least one test of each chemical was done with filter sterilized solutions which were added to 
the medium after it had been autoclaved and cooled to near the gelation point. Fresh solutions were prepared 
for each experiment to minimize effects of possible chemical breakdown. Callus originally derived from the 
pith of tobacco plants (Niwtiana tabacum (var. Wisconsin No. 38) and maintained in subcultures for different 
periods up to 2 yr were used exclusively. Prior to March 26,1964, the stock was kept on Murashige and Skoog 
medium and thereafter on the further revised medium (RM-1965)a with 0.20 mg/l kinetin, 2-O mg/l IAA, 
0.4 mg/l thiamine hydrochloride and 100 mg/l myc-inositol. To assure stock tissues of comparable age and 
quality at all times, a separate set of cultures was transferred each week. Before use in the bioassays, the stock 
trssue was subcultured for two Cweek passages on medium with only 30 rg/l of kinetin. Loose friable tissue 
suitable for the bioassay were obtained by this procedure. 

Also in experiments the revised medium of Murashige and Skoog was used prior to March 26,1964 and 
RM-1965 thereafter. [Four replicate cultures, with three pieces of callus teach piece weighing 2540 mg) 
planted on 50ml of agar medium were used for each treatment]. The cultures were kept at cu. 28’ in continuous 
diffuse light. After a 5-week growth period, representative cultures were photographed, and the total fresh and 
dry weight yields were determined. 


