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Abstract-The CIS Isomer of 6-(4-hydroxy-3-methyl-2-butenylarmno~2-methylth~opurine and its 9-p- and 9-r-o- 
rlbofuranosyl derlvatlves have been synthesized and theu physlcal and spectroscopic properties are described 
The biological actlvltles of these compounds have been determined m the tobacco bioassay and are compared 
with those of 6-(4-hydroxy-3-methyl-trans-2-butenylarmno)-2-methylthiopurlne and Its fi-rlbofuranoslde The 
6-(4-hydroxy-3-methyl-2-butenylarmno~2-methylt~~o-9-~-~-~~bofuranosylpur~ne (ms-rlbosylzeatm) isolated from 
a Plsum tRNA preparation was shown to consist of both isomers which were separated by TLC and ldentlfied 
by comparisons of UV dnd MS with those of the synthetic compounds 

INTRODUCTION 

AMONG the cytokmm-active nbonucleosldes isolated from tRNA’ are rlbosylzeatm 
[6-(4-hydroxy-3-methyl-2-butenylarmno)-9ranosylpurine]2-5 and ms-nbosyl- 
zeatm [6-(4-hydroxy-3-methyl-2-butenylarmno)-2-methylthio-9-~-D-ribofuranosyl- 
purine],“‘3,h both of which exhibit czs-trans lsomerlsm m the Nh-side cham The synthesis 
of the translsomer m each case 3,7 has aided greatly m the ldentlficatlon of these compounds 
from natural sources,‘,3-5,8 but to answer the question of the stereochemlstry of the side 
chain double bond, the CD isomer had to be synthesized as well This has been done m 
the case of nbosylzeatm, and the presence of both geometric isomers m plant tRNA has 
been established by comparisons with the synthetic cts and trans isomers of nbosyl- 
zeatm 2,4,5,g We now report the syntheses and blologlcal actlvlhes of ms-cls-zeatm and Its 
rlbosldes (a and j? anomers) and the use of the /3 anomer, together with synthetic 
ms-rlbosyl-trans-zeatm,3 to demonstrate the presence of both the trans and CIS isomers m a 
tRNA preparation obtained from pea shoots (Plsum satzuum L ) ’ 
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The synthesis of 6-(4-hydroxq-3-methyl-// ~u~s-?-butenyl~~m~no)-9-methyl-th~o-9_-~- 
rlbofuranosylpurme (8) has been reported previously 3 The syntheas (13 4) of 4-hydroxy- 
3-methyl-cly-2-butenylamme (5), used earher m the preparntlon of rrv-zeatmiO ” and Its 
rtboslde (6),9 1s described here m detail Also described IS the synthesis of 6-(4-hydrouy-3- 
methyl-czs-2-butenylammo)-2-methylthlopurme prepared by condensdtlon of the CIS- 
h>dt ouq‘imme 5 ulth 6-chloro-2-methjlthlopurme 

I\ / 
Et0 -- 

(31 

2,6-bls-(Methylthlo)purmc failed to react readily with 4-hydroxy-3-methyl-rts-2-butenyl- 
dmme (5). whereas 6-chloro-2-methylthlopurme and 5 yleldcd 6-(4-hydroxy-3-methyl-clc- 
2-butenyldmmo)-2-methylthlopurme (ms-cl+zeCitm) (7a) At the rlboslde level, 2.6-bls- 
methylthlo-9-P-D-nbofuranosylpurme’” waseven less reactive than the flee b&e, and while 
6-chloro-2-methylthlo-9-~-~~-r~bofuranosylpur~ne, with n better leaving group at the 
6-position, 1s known,14 it 1s rather mconventent to prepare Accordmglq, we turned to dn 
nltelnate qynthetlc pdthway thdt involved mcorpoidtion of the mcthylthlo group m the 
tln,J step 2,6-D~hlolo-9-(3 3 5-ti I-O-,lcct~I-/~-r,-rlhofL~~di~~~~~l)p~~llne N‘I\ fil st prcp,wd by 
the fusion method of Sate’ ’ and was then caused to react \+lth the hydlouyCimme 5 m the 
usu~~l tn‘lnner, followed by treatment with methanohc ,lmmom,l to lnburc complete removal 
of the acetyl protecting groups The mtermedlClte 2-chloro dert\dtivc of iibosyl-c~~zentin 
wds purified by chromatography 011 Sephadex LH 20 dnd trcdted filth sodium methyl 
mercnptlde I’ The resulting product wd\ purified bq chrom,ttogr,iphy on Sephadex LH 20 
two components wele 15ol‘rted ,md theci: \\o~L ldentlflcd ‘15 the /i ,md r .mome~s (7, 9) on 
the b,rsl\ of the NMR \ign,il\ of the ,tnomc~lc proton4 The chcm~c,~l 411/t fol this proton 
m one of the nnomers wds prd~tiwll~ ldentlcdl with that of the 1 p oton m 6-(Mlydroxq- 
3-methyl-c~s-2-butenylam~no)-9-/I-o-ribofuranosylpurlnc (6) dnd hence ,lsvgned to the p 
dnomer The initial fusion reaction leddmg to 2 6-dlchloro-9-(2 3 5-tn-&lcetyl-p-n- 
ribofurdnosyl)purine was suspected <is the cause of the tin4 .momcrlc ml\tulc ,md 
exnmmdtlon of the 220 MHz NMR spectrum of the fusion 171 oduct rcvedled tno complete 
sctr of sign& Further mvestlgdtlon shoved that the degree of anomerlz,ttlon WL\S reldted 
in pnrt to the efficiency with which the ncetlc dad by-produCt of the fuclon wns removed 
by \dcuum 

Spcctioscopic ddta were used dt every stage for unambiguous structure dsslgnments 
It W‘IS especlnlly useful to be dble to compare the data for 7 and 8 directly as m the 
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I’ SATO T (1968) Smrhm PIOC~WCJS UI \ UC/UC kd C/WWI~I~ t (ZOIWU H M L$ ,md TIN)\ R S cd\ ). 
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cases of cls- and trans-zeatm and their rlbosldes 5,8-t2 The mass spectra of the synthetic 
CD (7) and trans (8) isomers of ms-nbosylzeatm were very snmlar ‘Al For the two 
naturally occurring samples described below, the MS were determmed consecutively on 
the same instrument at 70 eV using only slightly different probe temperatures, 200” vs 190” 
and were also quite slrmlar (see below) The MS for the CIS sample showed relatively 
higher mtensltles for the larger fragment ions (m/e) while that for the trans isomer showed 
higher mtensltles for the smaller fragment ions Since exact reproduclblhty of spectra taken 
at different times on different instruments and with slight variation m condltlons may be 
uncertain, for dlstmgulshmg between c1.s and trans zeatm isomers and their nbosldes, either 
unsubstltuted or substituted, we place greater reliance on TLC on silica plates m 
chloroform-methanol (9 1) 9-11 Using this system, ms-nbosyl-cls-zeatm (7) moves faster, 
with an R, value of 0 20 vs 0 16 for ms-nbosyl-truns-zeatm (8) The same system 1s useful 
for separation by column chromatography and lsolatlon of the pure isomers Another 
TLC system m which the cls isomer nugrates appreciably faster than the truns isomer 
(e g 0 jl vs 0 37) is on silica plates m Cccl,-HdAc (4 1) _ 

HOH& HOH,C 

&NH &NH 

HO OH HO OH HO OH 

(6) (7) (6) 
(6o.H a+ N-9) (To,H 01 N-9) (60,~ 01 N-9) 

Comparzson of bzologlcal actztztles oftrans and CIS zsomers 

HOH& 

AI” 

CHflH 

(9) 

In the tobacco bloassays illustrated m Fig la, zeatm (truns isomer) 1s ca 40 times more 
active than ns-zeatm (6a) This value compares with the average value based on a large 
number of recent experiments, but 1s somewhat smaller than the value of > 50 times, first 
reported lo Of the 2-methylthlo-substituted pair, ms-trans-zeatm (8a) 1s also considerably 

(0) 

Bases trons-2eatln 
Average of 2 assays 
October to December 

15 r.: 

Rlbonucleosldes 
- 21 Jan to 25 Feb 1972 
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FIG I ACTIVITIESOF THE cts AND ham ISOMERS OF ZEATIN AND METHYLTHIOZEATIN (a) AND THEIR 
RIBOSIDES (b) IN THE TOBACCO BIOASSAY 
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more active than the (15 Isomer (7d) but the tran\-cry nctli1ty rat10 of 7 15 based on only 
two experiments As shown III Fig 1 b, the rlbosyl deilvatlvcs ‘Ire 1~5s ‘1ct1ve than the 
corresponding free b‘1ccs ‘md the rr an\ Isomer 1n c,1ch cclcc 1~ the 1no1e act1vc TI LIII\-~I\ 
‘1ctlb1ty r,1t1os of (LI 5 for the nbosylzcntm Isomers nnd CL/ 10 for the ms-nbosylzeatm 
isomers (8,7) are estimated from the cl\alldble d,1ta It 15 of mtcrest that the Y dnomer of 
ms-rlbo~ql-cr~-~eL1tin (9) IS only about one twenty-fifth ‘1s ‘1ct1vc ‘1~ the /j ‘momer (7) 

Zwlntron 1rr7d rdcntrf7trt~ro77 of n7\-7 rho~~d-as rrr7rl tran+:ctrrrrf /i 0177 PIWII tR,Z 4 

A tRNA prepdmtion from P7w777 ~17211177 L v‘ir Al,15k,t ~245 obtcuncd in the Llsudl 

manner ’ dnd the cytok1n1n-,lctlve rlbonucleosldc\ were 1soL1ted ‘1s \ummdllzed below The 
purity of the tRNA prep‘1r,ition before hydrolysis wILis X2”,, ( 4,,,,,,drq M t) Electrophoresls 
on d 2 4”;) polydcrylamlde gel’? of ‘1 s‘rmple indic,ited that the 41,,o ‘ibsorbmg portion 
cont,uncd 15”,, high MW m,1tci1,11 (>3S) ?I”,, IOU MW matcilal (~4s) ,znd ,4”,, 4-5s 
RNA jlthough the 2 4”,, gel doe4 not rewl\c 4 and 5S R\A e~pci1cmc with other pc~ 
prepdi.lt1ons frclctlonated on ‘I 7 Y,, gel 1nd1cdtcd that the 1 5S region contdms CLI 90”. 
4.S RNA On this bdsli the [RNA prepar,1tlon 15 cstimdttd to contain 47”,, 4s RNA From 
the eqmv&nt of 670 mg of puie 4S rRN.A m,lter1& cl/ 90 /lg of m+11bosylze,ltln was 
isoldtcd Of this isolate CLI 70 ,~lg wa\ scp,1r,lted by TLC into roughly cqudl dmount? of 
II\ ,tnd t1~717s 1some1~ The c,1lcuLtted b~okyyd ‘1ctl\‘1tiec of the two s,mples t$ere 
0 23 KE:Llg of hydrolyzed prcjumed ~/L/II\ lsomcr (8 ----) 8‘1) and 0 04X KE ltg of hydrolyzed 
presumed CI\ 15orner (7 -+ 7‘1) 

The cqtokmm-active fi action th‘1t h,ld the \dme R, m CHCI, HOAc (4 1) a~ ‘1 sample 
of synthetic 8 employed as ‘1 \tanddrd exhlbrtcd UV mdx1md ‘1t 241 ,md 2X0 nm m 
meth,1nol, typ~tl of d 2-methqithio-N”-substltutcd ‘1denosme dnd the nbsorbance coire- 
sponded to 62 + 5 fig of the expected r1bonucleoslde The low resolution MS at 7OeV, 
probe temperature 200 gnve promment pedk\ ,1t 177,~ (:‘,,C) 397 (0 02) 352 (0 17), 380 (0 04). 
308 (0 01). 794 (0 09) 274 (0 01) 265 (0 64), 250 (3 63) 236 (0 X7) 245 (1 03), 231 (3 15), 
206 (1 01). 194 (065) 181 (1 87). 165 (1 20) 151 (I 55) dnd 115 (2 14) /f?t<~/ r&r, tjplcdl of 
6-(4-hydroxq-3-methyl-cri- or ~rtrr1~-2-butenylnm1no)-2-meth~Ith~o-9-~-1~-r~bofur~1noeyl- 
purme ‘1nd with the Rj 1nfoi mdt1on lndicG1tlve of the 0~773 isomer 

The cytoklnm-active fraction th,1t had the snme Ii, ‘1s <L s,nnple of sqnthctlc 7 employed 
ds d standard cxh1b1ted UV mdx1rn‘t ‘it 242 dnd 281 n1n m eth,mol typical of d 
2-methylth1o-~~;“-~ubst1tutcd adenoslne dnd the ‘1bsorbdncc cot responded to 52 + 5 /cg 
The low resolution MS nt 70 eV probe tempcrdture 190 gd\c promment pcdks at 177:~ 

(“,I:) 397 (0 14) 382 (0 X9), 3x0 (0 20) 377 (0 05) 3 13 (0 07) 294 (0 34) 288 (0 03) 274 (0 09), 
265 (0 13) 250 (0 85). 336 (0 57) 245 (0 84) 232 (0 78) 206 (0 4.3) 194 (0 54). 1 XI (1 29). 
16.5 (0 53). 151 (0 51) and 135 (096) IJ~~LJI trlrrr satlsfdctorq for 6-(4hydrouy-%methyl- 
~~~-3-butenylam~no)-2-methqIth1o-9-~~-r~-1~bofuranosylpur1ne (7) 

In the case of the nbolyl7eLtt1n isomers reported earhcr for the 5‘1me [RNA preparatlon,2 
the v1suJ estimates of the UV ‘ibsorbt1on of the two spots of nbosqlzeatln on TLC 
plate\ indicated amounts of (15 .1nd Ir 0175 isome 5 of the sdme OI der However, d 
contdmmdnt may hdve contrlbutcd to the UV absorbtlon 1n the rcglon of the tt 017s isomer, 
since the estimdte bnsed on biological activity W‘I~ closer to ‘Ibout a 40 1 tls ~rcrr~s ratlo 
The ldtte1 rdtlo 1s apparently the more representntlve ‘1s compdrnble values have been 
found on the basis of both UV dbsorbtion (m 5olut1on) ‘1nd biolog1cdl actlv1tl of the 
isomers isolated from other Prurr77 [RNA prcp‘u-,1t1ons It m,lJ be noted th,lt we hnve 
I _ LOI WUG 1 1 (I%71 I~I~JC ii< [ii J 102. 251 
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apparently managed to recover the ms-nbosylzeatms m greater yield, based upon UV 
absorbtlon measurements, m this set of expenments, as compared with those mltlally 
reported 2 

TLC of synthetic 7 m CHCl,-HOAc (4 1) or CHCl,-MeOH (9 1) yielded only a single 
UV absorbing spot Bioassay of the chromatogram developed m CHCl,-HOAc showed 
that blologlcal actlvlty was associated only with this spot Furthermore, a 10 PM aqueous 
solution of synthetic ms-nbosyl-crs-zeatm stored for 1 yr at 5- yielded only one spot, 
and Its R, corresponded to the czs isomer on thm layer chromatograms developed with 
the above solvent systems These results Indicate that no appreciable conversion of the 
czs to the trans isomer occurs under the condltlons of the experiments and, therefore, that 
the Isolated ms-nbosyl-trans-zeatm IS not an artifact due to such conversion 

From a tRNA preparation of field-grown, vegetative alfalfa (Me&ago sat~vu L var 
Vernal), we have also identified both ms-nbosyl-cls-zeatm (7) and ms-nbosyl-truns-zeatm 
(8), as shown by chromatography and UV spectra From this source, based on UV 
spectra, we estimate a ratio of czs to tram isomers of 9 1 

EXPERIMENTAL 

M ps are corrected NMR spectra were recorded on Varlan Associates 60, 100 dnd 220 MHz instruments 
Chemical shifts were medsured usmg tetramethylsllane (TMS) as dn Internal standard A Varlan MAT CH-5 
mass spectrometer was employed Gas chromatograptuc analyses were carried out on a 90 cm x 6 mm SE 30 
column (15% on Chromosorb P) using an F & M Model 300 instrument Microanalyses were performed by 
Mr Joseph Nemeth and associates 

1-Chloro-l-nrtrosocyclohexane (1) This compound was prepared from cyclohexanone oxime by the method 
of Muller et al I8 I9 To avmd an explosion hazard, a final dlstlllahon was omitted NMR showed the only 
Impurity at this stage to be a small amount of Et,0 

5-Methyl-3,6-dlhydro-l,2_oxailne hydrochlorrde (2) A solution of 72 g (0 49 mol) of I and 2 g of hydroqumone 
was dissolved m 200 ml 2 5 N lsoprene m C,H, and 58 ml EtOH The resulting solution was flushed with Nz 
and dllowcd to stdnd overnight m cl stoppered flask The flask was kept m the dark below 30 The solvents 
were removed in LWUO and the residue ~‘1s mdshed with several vols of Et10 to free It from 3 glvmg a crude 
product that wds used directly In the next step 

5-Methyl-i 6-d1h~d10-1,2-o\azrnr (4) Crude 2 was dissolved m H,O and treated with 28 g (0 5 mol) KOH 
with stn-rmg m dn 1ce bath The product ticis t‘iken up m Et10 and the tt20 $oln wds dried over KOH 
A sticky ppt formed, and the dried soln wns filtered dlOng with cehte to prevent cloggmg Removal of the Et,0 
yielded a dark ml, which GLC showed to have one component that was neither solvent nor polymeric 
Distillations of this 011 did not Improve Its quahty, so It was reduced directly 

4-Hydroxy-3-methyl-m-2-butenylamrne (5) Liquid 4 was dissolved m 700 ml HOAc and shaken with 80 g 
(I 2 mol) of freshly activated zinc dust After the nuldly exothernuc reactIon had subsided, shakmg was stopped 
and the mixture was stirred overnight m a stoppered flask The zmc was removed by filtration and washed 
with AcOH The AcOH was stripped in uucuo, and the resulting oil wds made basic with cone aq KOH (ice 
bath) and extracted with CHCI, The CHCl, extracts were dried, removal of the CHCl, yielded 32 g of a dark 
red-brown 011, which GLC analysis showed to have one maJor component other than some unreacted 4 
Attempted purlficatlon effected decomposition CIS geometry has also been realized m a synthesis of hydroxy- 
galegme by Desvdges and Olomuck~,20 a reference that was inadvertently omitted m describmg our stereoselective 
route to the naturally occurring hydroxygalegme via l--f 5 ” 

6-(4-H \tlr 0\~-3-/lld~J I-c~s-l-hurer~rlar~~r~~o~2-meth~~lth~opurrne (7a) 100 mg of 6-chloro-2-methylthiopurme, 
500 mg of 5, and 1 ml EtOH were placed m d sealed tube and heated at 140” overmght The contents of the 
tube were washed out with MeOH, 1 g ahca was added, and the mixture was reduced rn uacuo to a brown 
paste, wluch was apphed to a 50-g slhca column and eluted with CHCl,-MeOH (9 1) The product-contammg 
fractions were pooled, and removal of solvent gave a brown paste, which on trituration with EtOAc was 
partially decolorized Recrystalhzation from EtOH with charcoal decolorizatlon yielded pure material (40 mg), 
m p 725-230’ UV /EF 279 nm (e = 15 800) 242 (25000), i,,,,, 257, 220 ~2:” (0 1 N HCl) 272 (15 100) 252 

‘* MULLFR, E FRIES D ani MFTZCFR H (1955) Chrrn Ber 88, 1891 
_ - 

I9 MULLLR E , M~TZG~R, H and FRIES D (1954) C/WI Eer 87, 1449 
*O D~SVAGES, G and OLOMUCKI, M (1969) Bull Sot C/WI FI 3229, LOFFL~R, A PRATT, R J, RUESCH, H P 

and DRLIDING, A S (1970) Helu Chum Acta 53, 383 
21 LIOUARI) N J dnd PLAYTIS A J (1972) J C S Chrm Commun 133 



(21 600) A,,,,,, 277 /:,‘y (0 1 N NdOH) 2X6 (13800) 231 (2X 300) A,,,,, 256 NMR [(CD,)?SO] 0 = I76 (5 3) 
40 44 (m 4) 3 7 (WI I) 5 42 (t I) 7 7 (VI, I) X 00 (5, I) MS peaks at WC’ 265, 250 248 247 232 206 100 
182, 181, 165 151 175, 119(round C 4955,H 570 C,,H,,N,OStcqturL\ C 4979 H 570”,,) 

2,6-01(hlo,o-9-(2 i,5-trl-O-ucc,t4I-P-I)-I rhofurclnorvl)/,urr,l~ The mdterl,d WAS prepdlLd from tht (usion 01 2 6- 
dlchloropurlne and 1 2,7 5-tetra-0-~cet}l-/l-u-rlbose folloutng the procedure of Sdto “ l%_ crude unrecry\t,il- 
hzcd nxxture of ;lnomerb wns uxd directly m the next step whin It ads found th,it horh .momtr\ could lx 
Ldrrlcd through the entlre sjnthctlc ,equenLe ,md sqxratcd cleanly in the hn,tl stLp 

2-Ch/oro-6-(4-I1vnro\ ~-3-mrth~/-c1~-2-h~~rc~r~~~/rr~t1~~1o~l)-/~-u-~ ihofuiu,lo,1I/~r,rirlc’ A \oln of X00 mg 2 6-dlchloro-9- 
(2 ; 5-trl-~-‘lcct~I-/~-i,-rlhoftlr~~noiclipLlrlnL 4 g of 5 and 16 ml LtOH ~‘1, h~nt~ti ,tt lellux fclr 7 1111 undL1 h: 
and then stn-red dt room temp ovrrmght Tht LtOH Wd) removed ,?I ~WLIW and thL IcslduL !\‘I\ dl\solved m 
200 ml 5dtd methanohc NH3 Afttr stIrring obermght in d sealed Clark the rolitnt wd\ rcmo\Ld ,md the rwduc 
~‘1s pdrtltloncd between Et20 ‘tnd H,O The H,O Lyrr ~‘1s reduced to I cmAl 101 end ,~ppl~cd to ‘I 100-g 
Scphadex LH 20 column The column v.‘t\ cluttd wth H,O dnd monlturcd b! t 1 ahwrptlon ,~t 17; nm The 
product-contalnlngfractlon~ W~L wrnhlned and on removnl of the H,O the product (491 mg ?‘I”,,) HA\ obtuntd 
ds d hdrd dry glass which has used wIthout further pulliicdtlon 111 the n~\t \tcp To ~&IL\L an,ll~tlc,ll purjt\ 
the crude product wdb dlssolwd m 9X”,, wBuOH dpphcd to ri cellulose ~nlumn .md LIUIL~ ulth thL \‘irnL 
solvtnt Thz product-contammg fraLtloni w‘rc pooled ‘md reduced ,(I ~UUO to Lo coIorIcb\ .&ss\ wlid which 
was vacuum-dried overnIght This wd\ dl+\ol\cd I” hot FtOAc and the win M‘I~ hltcrcd ,md dllut‘d \\ith 7 WI\ 
of low-bo111ng hght pLtrol ZftLt 11, i m\pcn~on \\<I, pooled o\t~mght II) thi IICCILI thL product \\<I, llltclcd 
dnd w,lshed fir51 \\lth EtOAc hght petlo .tnd then ulth light petrol The \\?I product \\,I\ h\&?~o~~p~c hut 
on o\ernqht \,Icuurn drqmp <tt 60 <in rm<il\ tlc,lll\ puri l~o\~dct \\~th ,,n Indcimlti m p \\‘I\ oht<lmed 
ii isomer L V / ,,, ,* ‘io’l 373 rim (< = 19700) x4 (24400) /,“,,,1112 ,;,:,‘:” (0 I N H( I) 174 (!::9001 205 (2’000) 
j,,,,,, 234 / ;JJ;” (0 I N N‘IOH) 274 (20200) / ,,,1,1 237 NMR [(CD,)zSOJ 0 -: I 76 (\ 1) 3 7 (111 7) 10 43 (/)I 5) 
4 5 4 8 (UI II 5 0 5 6 (~1, 5) 5 92 (tl I) S 78 (111 I) X 42 (5 I) MS pe,th\ ‘11 111 0 7X7 3X3 370 368 354 296 25’ 
217 236 71 222 220 200 193, 172 170 I69 1 II (Found C 36 $7 II 54X \r ):I): C,iH,i,CIN,O, 
requlre5 C 46 70 H 5 73 N, 18 15”,,) 

h-(4.HI&~\ ~-i-l11(,l/lll-~1~-2-h1tl~1111~11f2111(,)-2-/12( rl?~‘lr/lrci-Y-/i-r)-,rhof1,,i,,lo\~Iplr, ,,Ic’ (71 The procedulc u\cd I\ 
analogous to th,lt rmploqcd bq bl+ulrL et ol ‘I’ to prtp,u-t 2-,~ll\qlthloddcno~ines Ahout 8 ml MeSH \*‘I$ 
condensed Into ‘I &\k, cooled 111 ‘1 dr) ICL MeOH h,lth and CqulppLd with c~ ~I~IILII condenscl RoughI\ 
460 mg (20 mg-,btom\) N,I H‘%S ,ttlded md the cooling b,ith &‘l\ ‘lllo~~cd 1,) writ m &~\zl\ IO room rcmp Tht 
reaction mlxturc V+~S rLtluxtd at loom temp until ~11 the N,1 h,id rc.lcted M hlle h\t I -ml pot tlons of 
dlmethplform,inude were added to help d15\0lx the sodrum mcthjl mclcaptldc for mtd U hLn thL I cdction was 
complete IS ml of dimethvlformarmde b+db added and the flask N.n$ hwted to h5 to drile oft the Latch\ mLth\l 
merLdptdn mto d hlcach trap To thi residual jolutlon \?d5 ‘Itided 390 mg of 2-chlo1o-6-(-I-hqdlo~~ q-mcthql- 
c /c-?-buten~I,imlno)-9-u-rlhoftIr,~no\,lpur~nc m 5 ml 01 dimcthqlform,tmldc tollowctl I>\ hating Cl1 85 for 7 hr 
The mlvture %dScooled, neutrahrcd \\lth HCI dnd reduced to dryits\ iti ~t,(rw I he rc‘sultmg whd \%‘~s \dcuun- 
dried overnIght over P,O, and extl‘tctcd with EtOH The EtOH LYtldC1s !{Lre dtcolorwd ~lth chbwco,d the 
EtOH uds removed dnd the rt\iduc wd\ red~\solvLd 11, d httle Hz0 Tlh~b soluuan \qi\~ .tpplwd to ,I 100-g 
Sephddex LH 20 column which r+\n\ elutzd with H,O dnd monitortd hq I V ~lbsorptlon ‘it 7X0 nm Product- 
ContamIng fraLtlon$ Uere poolLd ‘md reduced 111 wow to rl \mall vol ‘it \+hlch polut thL nrodwt Lrv\t‘llllled 
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bases m 0 1 N HCl for 45 mm at 100” to increase the activity level and were tested on tissue grown on 20 ml 
medium to nummlze the quantities needed for the assays ’ 

Isolation of ms-rrbosylzeatm from tRNA, sepajatlon and ldentlficatlon of the us- and trans-rsomers The tRNA 
was prepared from 13 2 kg of frozen, ‘I-day-old pea shoots (Puum satruum L var Alaska) ’ The tissue was 
extracted with Tris-buffered, aq sodium dodecyl sulfate Protem and rRNA were removed with phenol and 
3 M NaCl respectively DNA and the major portion of the carbohydrate material were removed by two 
successive fractionations of the preparation on DEAE-cellulose columns The material eluted with 1 M NaCl 
was dialyzed agamst water for 16 hr to remove residual salt and other low MW material The tRNA (24 600 A,,,) 
was hydrolyzed with Crotalus adamanteub venom and calf intestinal mucosa alkaline phosphatase L.ipopluhc 
ribonucleosldes were extracted with EtOAc and fractionated on a Sephadex LH 20 column with 33% EtOH 
The cytokmm-active fraction, with an elutlon vol correspondmg to that of synthetic ms-nbosylzeatm, was further 
fractionated on a second LH 20 column with H,O as eluent, and finally chromatographed on Whatman No 1 
paper with 19% (v/v) EtOH From the observed absorbance at I,,, (276 nm) of the purified product and the 
extinction coefficient (17 200) of the synthetic compound,3 the quantity of ms-ribosylzedtm was calculated to be 
90 k 5 pg The isolated product had a UV spectrum characteristic of 2-methylthlo-substituted N6-lsopentenyl- 
adenosmes,3 25andit wasident~fiedas6-(4-hydroxy-3-methyl-2-butenylam~no>2-methylth~o-9-~-~-~~bofuranosyl- 
purme by comparison of the MS with that of a sample of synthetic ms-rlbosylzeatm 

A year later, when a method had been worked out for separating cts and trans Isomers, the residual sample 
(ca 7O~g) that had been stored dry at -20” was dissolved m a small amount of MeOH. streaked on four 
TLC plaies (10 x 10 cm, 6060 silica gel with fluorescent mdicator, Eastman Chromagram Sheet), and developed 
20 mm with CHCl,-HOAc (4 1) The samole seDarated mto two UV absorbme bands with R,s of 0 47 and 0 32, 
respectively As Judged by &al mspect;on, the former absorbed ca half as much UV iight as the latter 
A rmxture of synthetic ~1s (7) and trans (8) isomers of ms-ribosylzeatm chromatographed on the same plates 
gave R, of 0 51 and 0 37, respectively The two bands from the natural isolate were eluted separately with 95% 
EtOH and rechromatographed separately with CHCl,-HOAc (4 1) along with a reference rmxture The presumed 
CIS Isomer moved as a single UV-absorbing band and showed no detectable UV absorphon at the R, of the 
trans isomer, but the chromatogram with the rechromatographed presumed trans isomer showed a faint second 
UV-absorbing band at the RJ of the CIS Isomer The chromatograms were dried and developed once more m 
the same solvent to improve the separation of the two bands Again, each unknown and the correspondmg 
synthetic compound moved at the same rate The presumed trans isomer on one chromatogram was eluted with 
95% EtOH, concentrated, transferred to Whatman No 1 paper and developed with 19% EtOH for 6 hr It 
moved as d single UV absorbing band which had an RI of 0 64, as compared with 0 70 for 8, the synthetic 
trans Isomer The two synthetic isomers move at the same rate m this system (19% EtOH on paper) The lower 
R, of the isolated compared with the synthetic Isomers could be due to Impurities m the former The presumed 
CIS Isomer, pooled from the two chromatograms, was smularly re-chromatographed It gave a single UV 
absorbing band at R, 0 59 as compared with 0 70 for 7 the synthetic cl5 Isomer The bands were eluted 
separately with 957” EtOH and, after removal of 5 y0 aliquots for bioassay, were dried in an’ The dhquots for 
bloassays were hydrolyzed to the respective bases and then mcorporated into the biodssay medium ’ 
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