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Abstract: Full assignmute of the ‘H-nmr chemical shifts of the ring A 
protons in gibberellin A20 methyl ester 13-acetate heve been ude on the 
barir of 1H-, 2H- end 13C-nnr date of various deuterieted derivatives. 
There uri~ote here been ured to prove that cetelytic deutcriogenation 
of fS&-16,17-ipoxide-13-acetete ia a ryn-addition from the less hindered 
B-face l ccqauied by allylic l XCh~18a at C-l giving irotopic labels at 
the 18-, 26- asd 38- poritione. The position and l tereocheaistry of 
isotopic labelling vu confirvd by comparison with an authentic reap18 
of [16.26,3fi-2~3]CA20 methyl ester 13-acetate prepared by methods which 
introduce deuteriu stereoselectively et C-l, C-Z end C-3. The 
preparation of [2a-2H]CA20 end [3a-2H]CA20 is described. 

WIXODUCTION 

Cibberellin A2o (1) ir a key interwdiete in the biosynthesis of gibbercllins (CAs) in 

higher planta. It is th i-diate prccurror of CA29 (2)‘, CA, (3) 2’3 end GA5 (4)‘. To study 

the enzymes which catalyre these metabolic conversions CA 2. (1) is required stereospecifically 

lebelled at carbons -2 end -3 vith dcuterium and tritium. The partiel synthesis of unlabelled 

CA2o (1) from the wailable fungal CA3 (5) her been extensively investigated 5-8 . This paper 

describes the preparation of l-, 2- end 3-deuterioted derivatives of CAIO and the assignments 

of the chemicel shifts of the ring A protons in the nmr spectra of CA2o methyl ester l3- 

acetate (7). 

BESULTS AND DISCUSSION 

The preparation of CAzo derivativer labellrd with deuterium at positions -1, -2, and -3. 

and the dircurrion of the l seignmantr of the chemical shifts of the protons at there positions, 

era prerentod uudot repware headings. The uee of there l ssigwents to determine the stereo- 

chemietry of catJytic deuteriogenetion of CA5 (4) is then described. 

t Thir paper ia dedicated to Profesror 1. gapheel, P.&S., on the occerion of his 65th birthday. 
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Poaition -1. [lc-*H]Cibberellin A20 methyl eJtcr 13-JcetJte cl?), contJining 0.86 Jtoma 

of deuterium per molecule, WJJ prepJred Ja outlined in Scheme 1. Reduction of lB-iodoCA1 

methyl l stOr 13-JcctJte (l-1 with trill-buty~[*H]JtJnnJne gJve (l~-‘H]CAl methyl elter 13- 99 

dCJtJtJ (13) vhich VJJ oridiaed with Jones reJgent Jnd the resultant 3-ketone (45) VJJ then 

reduced with radium borohydrida to provide [lc-*II]-3-epiCA, methyl eater 13-JcetJte (14). 

TreJtment of the 3whydroxy apimer (14) with phoaphoryl chloride yielded the 38-chloride (15) 

Jnd JOOC (10%) of the olefin (16). Reduction of the 3B-chloride (15) with tri-n-butylatJnnJne 

gJve the required [1~-%]CA2, methyl eater 13-JcetJte (17). 

The 13C-nmr spectrum of [l(-2H]GA20 methyl eater 13-JcetJte (17) ahoved J reduction in the 

intrnaity of the JignJl Jt 630.40, corpJred to thJt of the unlJbelled compound (71, confiidnl 

the presence of deuterium Jt CJrbOn-1. Two rignJlJ were present in tht ‘H-nor spectrum of (17) 

Jt 61.39 end 62.05 in tbt rJtio 281. To l Jrign thrae rign~lr the *H-nmr l pectrJ of the four 

[lE-*HI compounda (13). (14) (15) end (17) were compJred (TJble). 

(17) (15) 

Reapmtr: (1) nB+SnD. UW; (11) EN-CrD3/H*; (111) NJBH,, MeOH. (IV) POCIJ; 

(VI nBu.pi, mai. 

Schem 1. 

IMLE 

CheaicJl l hifta of the aigzula in the 
2 

H-nmr apectrJ (CHC 

Cibbwtllin methyl Cotm 
n-acaatc 

16-*H (rJtio 

13) 

1:2) 

DE-2H1cA2, (17) 

tl~-2HlGA, (13) 

[l~-2H]-3-epiCAl 

[1(-2H]-3fiCl-c~~~ 

2.05 1.39 

1.87 1.87 

(14) 2.04 1.51 

(15) 1.96 1.81 

ChJngta in the functionJ1 group at cJrboa-3 hJd little iffeet on tht chemicJ1 ehift of the 

lera iatenae l ignJ1 JtQ2.0Jnd wJa thcrafore Jaaignad to the aquJtoriJ1 la-deutoron (protou). 

Hovtver the more iatenae rignal Jt61.39in [lE-2H]GA20 methyl cater 13-JcctJte (17) wJa shifted 

dovnfield in the Jptctrum of the 3&chloride (15) to 61.81 Jo expected for J 1,3-diJXiJ1 rOlJtiOn- 

ahip Jnd wJa therefore Jarigncd to the Jxi~l Is-deuterium (proton). Tbeae JaaignmentJ for the 

chcmicJ1 ahifta of the C-l protonr in (14) am in Jgreement with those previourly found lo for tht 

non-lJ-hydroxylJted Jn~logue, 3-cpiCA4 methyl eater (27). nJmely 61.51 Jnd 62.05 for the 16- Jnd 

la-protona reJpectivtly. Thur tri-n-butylatJnrunc reduction of J I-hJlidL OccurJ predomizuntly 

vith retention of coofigurJtioo Jlthough vith less l ter~oaalectively thJn the corresponding 

reduction at cJrbon-3 (aae 1Jter). There results ahov that the lB- and la- protons in CA2o methyl 

eater 13-acetam (7) rtJon&e et 61.39 end 62.05 respectively. 



leap labding in riag A of gibber&o At0 

(27) R - a-OR 
[zaf R = w 
(29) R = PC1 

(45, R * D; R’ . w: RZ S Q 

f46) R I R1 . (-0; R2 (I 0 

f4t) R I R’ ~ Hi R* * B-cl, 0-o 

C 

Pasirfoa -2. The Za- and 2&proton sign4ls in tha mnr spectrum of CAZO methyl 4ster 13- 

itcetata (7) wer4 assigned from that 2H~r sp4ctrr of the f%-%f- and f2rr-211 dttiwtivct (21) md 

f25) - 

f2&2&iJCLbb4r411in II octhyl ester 1%acetate (19) her previously been preprredQ end the 

rtareocb4~istry of the isotopic label detwmied by nmr studies. Treat-t of (19) with orrlyf 

chloride md quenching the react&on with me-1 gave &e ester (20)” &Aeme 2). Tri-n-butyl- 

l t*nnwa reduction of (20) seve a 3:s mixture of f2f&i]GA, methyl ester 1%ecetete (IQ) end the 

required [2$-2H]~0 -thy1 ester (3-acetat4 (21) contatniap 0.96 etome of deuceriub Hydrolyrir 

of (21) with equeous l odium hydroxide gev4 ~2&‘tilc*~ (22). [2a-2X]Gibb4retito $ (26) ns 

prepured as sham in S&em 2, [2@-2aj-j&&3doGAt -thy1 est4r 13-ic4t8te (181, yt4ining MM 

atoms of deutarfum per oofecule, wus prepared from C$ (f> II pr4viously describad snd ws d*- 

hydroiadinated vith I,8-diar8bicyclo[5,4.Olund4c-7-8ne, to give [Z-$jtX3 aethyl est4r t3-wet8t4 

(23) vithout loss of deuterium, tithaocsulphonation of the [2-‘H]GA3 dcrivativc (23) followed by 

rpoxidrtion gave (241 which ~8s hydrogenated to [2U- ‘WA20 m4thyl ester 13~acetate 16,t?-epoxide 

(50) * D4oxypenation of the apoxida (50) followed by hydratysis of tha 4cctate and ester functions 

grvcl [2cw%]~~ (26, Schems 2) containing 0.85 atoms of douterium per molecule. 
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The ‘3C-umr spectre of both [2&2H]CA2, methyl ester 13-scetetc (21) end (2a-2H]CA2, methyl 

ester 13-•cctete (25) rhoved s reduction in the intensity of the signs1 st 619.11, cmparad to that 

of the unlebellrd compound (7). confirming the presence of deuterium st csrbon-2. The 2H,-r 

spectrum of [2b211]CA2, methyl ester 13-katete (21) displayed s single brad signs1 at 61.73 vhile 

thst of [2a-2H]CA20 aetbyl ester 13-ecetste (25) shoved one brosd signal st 61.57. Thus it uy 

be concluded thet 26-h resonates et 61.73 end 20-H st 61.57 in ~~~ methyl ester IS-acetate 

(7). Tbere chmicel rhifts ere slmost identicel to those previously determined 
I2 for the 2a- and 

Z6-protons in the 13-deoxy analogue, GA9 methyl ester (28). 

C 

Reagantrr (0 nb3SnH. AIW; (Ii) (COCl)2 then MW (110 2lbIMll; (iv) MU; 

(v) LCl, pyrldlne; (vi) mClpM; (~14) Hz, 10X Pd on CaC03, coil. pyrldkre; 

(viii) 111. waok. h. kai. 

Scheme 2. 
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POBitioo -3 . A mixture of [a- and 3g-*H]U,O ethyl ester 13-acetate (4) and (g). 

containing 0.76 ataa of deutetirn per molecule, uaa prop~nd by the tri-nbutyl]211)et~nane 

reduction of tin hcnm 3B_chloroCA20 methyl eeter 13-acetate f9)7. In the l3 C-NT rpcctrum the 

rignal at 634.5 in the unlabelled compound (7) vaa reduced in intensity in the rPectrum of the 

mixture of the [3c-2a] coqoundr (11). confirming that deuteriuu vaa rolely on carbon-3. Tbe *H- 

nmr.spsctrur of thr [3E-*ll] mixture (11) dirplayad riyula at 61.51 and 61.61) in the ratio 5:l. 

Be8le et al.’ -- luve alunm that tri-n-butylrtennane reduction of JB-chloroCAg (29) occurred mainly 

with retention of canfi~ration. Prom thir analogy the signalr at 61.51 and 61.68 in the 
2 

H-nur 

spectrum of [3E-2H]%o methyl eater 13-acetate (11) were assigned to the 36- and 3wdeuterons 

respectively. This wee confirmed by the preparation of [3a-*H]CA2C (43) and exminatioa of it8 

*H-nmr rpectrur (see later). 

Figure 1. 

The full l esigumentr of the ‘H-nur chemical l hiftr of the ring A proton@ in CA20 methyl erter 

13-acetate (7) are l hcun in Figure 1. There arrignuentr ten be used to examine the stereo- 

chemirtry of irotopic lebel introduced into 
(IA20 

methyl ester 13-acetate (7) under various 

conditions. 

R 

d 0 /: OAC 

dZ’ --’ w Me 

(53) II . n. *2&u 
2 ’ 12 (541 g - M; A ’ -me 

(65) I = I 1 . D; PI I OH 

? ” w IyJ --/ 0 

Me 

0 OAC 

0 QP ,$ ../ 
02He 

(57) (56) 
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[16,2~.3B-2H3]Cib~r.llin A20 (33). The tritixcion of Q+ methyl l etor-16,17-•poxido (57) 

har been wed ee l ntbod for introduclnc tritium into ring A of GA20 (1j6. IL her the dw-v 
of giving [‘W]CA20 with hi3, rpecific redioectivity, l requirement for the ruccarsful l xamhetioa 

of l nxyutic proceeeer in biaher plentr. Thur the l tereocheristry of isotopic lebelliq wee 

examined. 

D.euterio&bberellin A20 wae prepered ae outlined in Scheme 3. ft was l dvmtageooa to protact 

the 13-hydroxyl group l e the ecetete; this enhancer the yield8 of the CA5 derivetive (30) on 

treatant of CA, methyl eater I3-•cdtete (10) with phoephoryl chloride, and ptevcntr the fotution 

of iromerr of GA2o on regeneration of the l xocyclic double bond. The meas rpectrum of the 

drutcrioCA20 ethyl l eter 13-ecetxte reveeled en incorporation of 23% 3 deuterium atome, 41X 

2 deuterium atoma md 28X 1 deuterium atom while the 13C-nmr spectrum ehoved l reduction in the 

l ignalr at 619.20, 630.40 and 634.50, compared with the 
13 C-nmr spectrum of the unlabelled 

compound (7). iudicrting that deuteriur wee located at carbonr-2, -1 and -3 rerpectively. There- 

fore during the reduction of GAS-16,17-•poxide (31) proton-dcutcrium exchange at C-l bed occurred; 
13 

_ proton-deuterium exchengee heve previouely been noted on the rurface ofheterogeneou cetalyrtr . 

The 2H-nmr of [l,2.3-2H3]G.%20 methyl enter 13-acetete (32) dirpleyed rignalr at 61.41. 61.50 and 

61.77 in the approximate ratio 111:l. 'Ihare rignela were assigned to 16-2H, 36-2H and 26-2E 

reepectively from the l rtablirhed areignmentr rhown in Figure 1. Thur catalytic deuteriogenxtion 

of GAS-16.17-•poxide (31) ie e ryn-process from the leer hindered B-face with exchange et C-l 

occurring on the rurface of the catxlyet. 

“04$@C i.ii &&$.gyi,, ,* 
2 

(12) (30) 

I 
(31) 

iv.v 

(33) (32) 

Rcrgmtr: (I) NrWl,, ONSO; (ii) POC13; (111) tilpllA; (fv) D2, 101 Pd on CaC03, THF; 

(v) NII, Nrllk. Zn. kOH; (vi) 2N-NrOH. 

Scheme 3 
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TO confirm tlm rteraochairtry of [16.Z~,36-2H31CA20 (33),prepared by the catalytic druterio- 

6mation of Clg-l6,17wporid~ (311, 
2 

[l&2&36- H3]CA20 methyl l mttr 13-acetate (32) of known 

rtrrmxhuirtrp um rydmrfred (Schema 4) and tht nmr apectra compamd. Catalytic dauterio- 

ganation of cs uthyl l atar 13-rcotato 16,17-rpoxide (34) hu been rhoun to fiivo [lg.2g-2Y2]CAl 

methyl eater lS-•catato 16,17-epoxide (51)‘. This racrion vaa rapoatad, without prewarhin~ the 

10% palladium on caXciu carbonate catalyst vith D20, to 6ira [18,2g-2D2]CAl methyl aster 13- 

acetate (35) containing 1.26 atome of deuterium. A modaratsly low incorporation of dcutcrium 

vaa required in ardor to differenthte bauoen tha (broad) 
2 

H-nmr rignalr due to 2-2H and 3-2H 

in the final product (2w2H rcaonaten at 61.57 and 3P2H at 61.51). Oxidation of (35) folloued 

by reduction gave [lg,2g-*H,]-3-epiCA, methyl eater 13-acetere (36) uith no loss of isotopiclabel. 

Treatment of tha 3-•pirr (36) with phosphoryl chloride afforded the 36-chloro compound (371, 

containing 1.32 atome of deutcrium. and the olefin (38). with 0.84 atoms of deutcrium per molecule. 

Thr lorr of deuterium in th forrrtion of (38) from (36) indicated a mixture of cir- and tranr- 

elimination. To check thir conclusion it VU confirmed that treatment of the chloride (37) with 

1,8diuabicyclo [5.4.0]undec-7-ena gave the olcfin (38) containing 1.30 acoma of deuterium per 

molecule, an expected fra a ttans l liminatioa of rho 38-chloride and lo-hydrogen. Reduction of 

a 3B_chlorido with tri~-butyl[2H]stannane has been shown co occur with 85% retention of confiyr- 

8tion. Thur reduction of [16,2g-2H2]3B-chloro~20 methyl ester 13-acetate (37) gave mainly the 

required [ lg,2g,3B-2R3]CA20 methyl ortar 13-acetate (32). The 2H-nmr rpectrum of (32) displayed 

rignalr at 61.40, 61.50 and 61.76, arrigned to 16-‘H, 3P2R and 2g-2H rerpectively, and aa 

expected the l ifpul at 61.S0, due to 3g-‘H, van the most intense. A low intensity rignad at 61.68, 

araigned to ~s-~H, vas alao praacnt. These result8 confirm that catalytic deuteriogonation of GAS- 

16,17-epoxids (31) ir a ryn-procorr frm the lees hindered B-face resulting in isotopic labels at the 

le.26 and 38 poritionr. 

hagents: 

(1) 4. 101 fd on CatO2, THFI ((1) kxl. kaOAt. Zn. &zOb; 

(ii1] eIl-cro3/k; (Iv] YGiH,,+wi; (v’) Pwl3: (vl) 

ntu3hD. AIM. 

Scheme 4. 
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13a4iiGfbb*r*llin AlO. [~-‘~]Gi~~~l~i~ AZ0 (46) v81 prepared at 8howo ia 6chma 5. 

The known iT& -Sketona lf~~c~t~tr (39) vaa rcdueed with rodium b~rode~~rid*.~o give a mixtom of 

3-•pirrric +:cohole (40) uad (41) wbfcb were treated with pboaPhury1 chloride and rhea with 1,8- 

dilx~bicyclo[J.4.O]udoc-7-~nm to pivs [Y~-~H]-C$ mathy artrr 13-rcrt*cr (58). Protactias 

of the 16,it-an* ia (S8) by formation of tb mixed epoxides (kz)aad (56) tbea c8t8lytic hydra- 

j&an&ion followed by rs~amr~tiou cf tbt t6,tlldoublr bond gave [34x- 24 G$* lethyt *stat f3- 

acat&* (63) l The fSa-%] rigor1 in the %-war rpextrum of (431 occurred rt 61.70. ltydrolyrir 

of (43) gave [3a-%]G$, (41) containing 0.96 atoms ofdeutcritapor mlecuit. 

(0 NrED,, WIOH; (11) POCl$ tili) O&J: (iv) K.lpM; 

(v) k$' iM Pd M cq, THF; (vi) ME, NrMr, h, &OH; 

(vii) ZN-t&OH* 

CONCLUSION 

l%t 2@nmr datr of thadtutcrirtcddcrivativas of Gh 
with the 13 

2. mtityl aeter 1%acctatr (71, cabined 

C- and ‘H-nmr of these compounds, permits the mssip+at of the rios I proton signals 

as &owo in Figure 1. Xu tkm course of this NW& r~6,2~“3~-2H3]~~ (33, Scheme 3 ind 43, 

~Z~-2~~~o (22, S&SW 2) ~Z~-2~]~~ (26, Scheme 2f and ~3a~2~JGA20 (44, S&FJW 5) bava been 

pmpried with high dautariurn incorporation rod with proven high 8tcrsoralectivity. [3B-‘S]- 

Gibberellfo $. (5) hrr bean prop&red containing s. 15% of tha [3a-2HJisoauz. The US* of thttt 

l&btllcd C~OUI& in th6 study of sntymatic ~~lrverrionr of GAsa In plants will be prcraatad 

clstwhrrs. 
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EWEURlENTAL 

All rolveatr mere rodiatilled before we. Light petroleum refers to the fraction boiling 

&t 60-iwC. ~.l..c. was carried out on Merck Kicrclgel 6CW254 end virualiaed by sceying with 
5X &gO+ in KtO3 foltond by heating to 120°C for 5 min. For fleeh chrautogrephy Yrck 

Kierelgel 60 (4&63 w) we8 ured. N.m.r. chmmicel l hifta were determined in deuterioehlorofon 
unlesr othewe rutod ad are reletive to internal tetramethylrilane. C.1.c. end g.c.-urr 
rpec. enalyrer mom capillary glens UCOI 00-l calmr with derivetiration, where neceaaery, 
aa methyl asters Siba l therr. 

Work-up cqrired addition to vater, l cidificetion with HC9. to pH 3 and recovery in ethyl 
acetate. 

Reduction of lg-I.odoCAl -thy1 l rter 13-•cetete (12). lg-Iodogibberallin Al methyl ester 13- 
ecetete (12) (0.41 g) in toluena (50 ml) vea refluxed vith [‘HI-trill-butylstaene (350 uf) in 
the presence of 2,2’-axobir(2-methylpropionitrils) for lh. The rolvmt vaa removed in vecuo 
and purification of the product by flesh chromatography, l luting vith IOK ethyl l cet& 
petroleum gave [lE-‘H]CAi methyl eater 13-acetate (13) (310ng) m.p. 137-140% (from ethyl 
acetetc-light petrolrur) (rho unleklld compound uea previously isolated” es e gum) containing 
0.90 etaas of doutariu per moleeula. ‘H-r: 6 (CliCl~) 1.87 (br.r) ‘H-nmr: 6 1.14 (a. 18-H,), 
2.03 (I, 13-0~~). 2.70 (d, J-1lIlx. 6-H). 3.22 (d, J-IlHz, 5-H). 3.72 (a. -o)(c). 3.83 (=, 3-H). 
4.99 cud 5.14 (2 br.a, 17-8,); m/r 405 (If+. 10X), 363 (43). 283 (23). 55 (15) cod 43 (100). 

Work-up gave a gum 
which ues imediately reduced with rodi- borohydrida (500 mg) io methanol (30 ml) with stirring 
for 0.75h. Work-up, follouod by fluh chroastogrepby and elution vith 35% ethyl acetete in light 
petroleum geve sequentially umcbeuged [lE-‘HlC4i methyl eater 13-•cetete (13) (50 mg), then 
[lc-‘HI-3-epiCAi wthyl l otar 13-acetate (14) (200 ml) 141-143°C (Lit.’ n.p. of unlabelled 
colnpouud 143-145OC) containing 0.89 l t= of deuteritm per wlecule; ‘ll-nmr: 6 (CIiCl,) 1.51 
(br.s, IS-‘1) end 2.14 (br.#, la-‘8) in the retie 7:3; ‘H-r: 6 1.18 (a, 18-Ha), 2.02 (a, 13-DAC), 
2.56 (d, J-10 Hx, 5-R). 2.76 (d, J-IOHx, 6-H). 3.64 (P, 3-H). 3.73 (s, -Me), 4.98 and 5.13 
(2 br.r. 17-Hz); I/L 405 (BP, 11X), 363 (41). 345 (14). 285 (14), 91 (15) and 43 (100). 

ent-l~-Deuterio-l3-eceto~-lO6-hydro~-20~orgihberell-l6-ene-7,l9-dioic Acid 7-hethyl Ester 19.10- 
Lactone (17). [IE-‘Ii]-Epigibberellin AI methyl enter 13-acetate (14) (300 mg) in pyridine (20 ml) 
DrcflGd with phoephoryl chloride (0.5 ml) for lh. York-p geve a gwn uhich on purificetion 
by flash chrmtogrephy eluting with 25% ethyl ecetete in light petrolei geve SequentieIIY: 
(a) [It-‘HIUs methyl eater 13-acetate (16) (50 mg) m.p. 131-134oC (from ethyl l cetete-light 
petroleum (Found: Ir*, 387. 1815 C,~H~SO~D require8 h, 387. 1792); ‘R-nmr: 6 1.23 (8, 18~Hr), 2.02 
(a, 13-O&), 2.67 (d, J-lOHr, 6-H). 2.81 (d. J-lOHz, 5-H). 3.73 (a, -0%). 5.00 end 5.13 (2 br.8, 
17-HI), 5.67 (d,d, J-Z& end 9Hx, 3-H) end 5.80 (d,d. J-3Hs and 9Hz.2-H); m/z 387 (h+.8g). 347 (26). 
284 (26). 283 (100). 224 (25). 233 (24) end 43 (92); end (b) [1E-2H13g-chloroCAm methyl ester 
13-•cetete (15) (250 pi) r.p. 140-143°C (lit.’ m.p. of unlabelled compound 125-127OC); ‘H-nmr: 
6 (CHClr) 1.81 (br.r, 16-*iI) and 1.96 (br.r, la-2H) in the ratio 7:3; ‘H-nmr: 6 1.19 (0, l&H,), 
2.03 (8. 13-0Ac), 2.71 (d, J-10.5 Hn, 6-H). 3.30 (d, J=lO.5 Rz, 5-H). 3.73 (6, *e), 4.12 (m, 3-E). 
5.00 and 5.16 (2 br.r, 17-Hz) m/z 425 (If’+, 3%). 423 (15), 381 (42). 363 (16). 283 (20)~ 91 (15) end 
43 (100). 

[1~-2H]3g-Chlorogibberellia AID methyl eater 13-ecetate (15) (200 mg) in toluene (20 ml) vea 
refluxed with tri-n-butylstmnene (300 nf) in the presence of 2,2’-arobis(2-methylpropionitrile) for 

0.6h. Kveporation of the solvent in vacua end purification of the product by flesh chrmtography 
l luting with 20% ethyl acetete io lGh_roleum geve 
(140 mg) m.p. 113-115°C (lit.’ m.p. 

[lE-2HlCA 20 methyl eater If-acetate (17) 
of unlebelled compound lll-113°C) containing 0.86 atow of 

dsuterium per Polecule; 'H-nnr: 6 (CHCl,) 1.39 (br.8, lg-‘R) end 2.05 (br.8, la-‘H) in the ratio 
2:l; lH-nmr; 6 1.08 (a, 18-H,), 2.02 (a, *AC), 2.57 (d. J-10 Hz, 5-H). 2.71 (d. J-1OHz. 6-H). 
3.72 (I, -O&k), 4.98 end 5.13 (2 br.s, 17-Hz); l3C-mr: 6 17.03 (C-18), 17.22 (C-11). 19.11 (C-21, 
30.50 (c-l), 34.39 (c-3). 38.26 (C-12). 42.99 (C-14). 45.36 (C-15), 48-89 (C-4). 49.52 (C-8). 
51.43 (C-6). 51.88 (-OCH,). 53.05 (C-9). 58.56 (C-5). 78.17 (C-13). 92.62 (C-10). 107.08 (C-17). 
156.86 (C-la), 173.05 &7j. 179.00 (C-h; m/; 389-CM+, Zli). 3i; 
287 (38). 285 

(loo),-329 iiO), 301 i33);' 
(40) and 43 (91). 

ent-2a-Deuterio-l06,13-d~ydro~-20~orgihberell-l6-e~-7.19-dioic Acid 19,10-Lactone (22). [Zg-‘HI- 
16-Iodogibberallin Ai methyl eater 13-acetete (18) (0.5 g) in toluene (50 ml) was refl=d with 
tri-n-butylstennene in the presence of 2,2’-•sobir(2qethylpropionitrile) for lh. The solvent we* 
removed & vecuo end purification of the product by flash chromatography eluting vith 50% ethyl 
acetete in m petroleum geve [2g-2H]CAl methyl eater 13-•cetete (19) (350 mg) conteining 0.88 
atoma of deuterium per mlecule. 

[2g-2H]CAl methyl enter 13-acetete (19) (176 mg) van refluxed with oxalyl chloride (50 ut) in 
tetrehydrofuren (2 ml) for 1.5h. Methanol Van added then the mixture diluted with vater, acidified 
with dilute hydrochloric ecid l ud extracted with ethyl acetete as usual to give the crude ester (20) 
(118 mg). The eater 120) (110 mg) in toluene (10 ml) weti refluxed with trf-n-butylrtennane (300 uf) 
in the presence of 2,2’-axobia (2acthylpropionitrile) for 2h. The solvent ves removed in vecuo 
and purificetion of the product by flarh chrtitogrepby sluting vith 50% ethyl ecetate inlight 
petroleum geve [26-‘HICAm ethyl eater 13-ecetate (21) (53 mg) identified by its ‘fl-nmr, ‘H-nmr and 
maas spectre. 
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[2S-‘HICAp methyl ester 13-acetate (21) (M mg) in methanol (1 ml) and aqueous sodium 
hydroxida (5 ml, 2N) was rcfluxed for 7h. Work-up gave a gum which uaa purified by flarh 
chromatography l luting with 50X ethyl acetate in light petroleum containing 1X acetic acid to give 
[2S-‘H]CAr~ (22) (5.6 mg) containing 0.93 atoma of dauterfrn per molecule; %lxar: 6 [mlB)rcol 
1.05 (a, la-HI), 2.58 (1, 5- and 6-H), 4.95 and 5.36 (2 br.8, 17-HZ). m/z @le ester, Sikfea ether) 
419 (h+, 100X), 404 (13). 390 (4), 375 (51). 360 (15). 302 (13). 207 (29) aud 73 (16). 

ent-2-Dcuterio-13-aceto~-166,17-epo~-3a,10~-dihydroxy-20-norg~bbere11-1-ene-7,19dioic Acid 3- 
Methanerulphonyl Eater 7-Methyl Eater 19.10-Lactone (24) [2S-‘H]lS-Iodogfbbcrellin At mathyl 
eater 13-acetata (18) (365 mp, containins 0.88 atoma x kutcrium per molecule) in toluena (10 ml) 
was rafluxed with 1,8-dfarabfcyclo[5.4.O]undec-7-ene (370 uf) for ih. Tl.u toluene vaa removed in 
vacua and the product purified by flarh chromatography eluting vith ethyl acetaterlight PetrolG 
(1:1) to give [2-‘g]CAr methyl eater 13-acetate (23) (258 mg) containing 0.87 atoma of deuteriuw 
s.p. 144-146oC (Lit.“ m.p. of unlaballed compound !48-15OoC); %nmrr 6 1.25 (a, IS-&), 2.02 
(a, -OAC), 2.81 (d, J-10.5 Rz, 6-R). 3.22 (d, J-10.5 lixtr 5-D). 3.72 (s, -arrc), 4.15 (8, 3-D). 5.00 
and 5.17 (2 br.r, 17-HI) and 6.31 (a, 1-H); m/r 403 (h+. 5X), 372 (6). 361 (13). 343 (14). 311 (9), 
298 (14). 281 (18), 238 (191, 91 (17) and 43 (100). 

[P-‘H]Cibberellfn ~a methyl eater 13-acetate (23) (250 -8) in pyridine (10 ml) vas ntfrrcd 
with methanerulphonyl chloride (200 ML) for 2h at room tamparaturc. The u-1 wrkap followed 
by purification by flash chromatography l luting vith 35X ethyl acetate in light patrol- Bave 
12- H)CA, methyl ester 3-merylate 13-acetate (49) (175 mg) containing 0.87 atoma of deuteriuw 

H-nmr: 6 1.28 (I, 18-Et), 2.03 (8, -OAC), 2.79 (d, J-llHz, 6-H). 3.10 (a, -CMs), 3.31 (d, J*llHr, 
S-H), 3.75 (a, -C&), 5.02 (br.r, 17-g), 5.06 (a, 3-H). 5.19 (br.a, 17-g) and 6.47 (a, l-701 m/t 
439 (U-42+, 2X), 358 (II), 341 (27). 299 (17). 281 (87). 222 (70), 156 (22), 79 (23) and 43 (100). 

[L-‘E]Cibberellin Al methyl eater 13-acetate 3Brylate (49) (150 mg) in chloroform (15 ml) 
vaa treated with rchloroperbenroic aoid (80 mg) overnight at room talperature. The mixture use 
diluted with chloroform, varhed vith eaturated aqueoue radium hydrogen carbonate and tbu with 
water and concentrated in vacw. purification by flash chromatography l luting vith 65X ethyl 
acetate in light pettoleu gave [2-‘H]gibberellin Ar methyl eatar 3-mrayLata 13-acetate 16m..17- 
e oxide (24) l e a gm (1013 mg) contarning 0.66 atom of deuterrum per molecule. 
h 

(Found: IV 
1 CraHr70~ S ‘H requirer II, 497.1465); ‘H-nmr: 6 1.25 (a, l&H,), 2.00 (n. -OAc), 2:68 

(d, J-IlHr, 6-H). 2.70 (d, J=4Hr, 17-R). 2.96 (d, J+iz, 17-H). 2.98 (a. -ana), 3.22 (d. J-llAr. 
SH), 3.72 (a, -Me), 4.91 (I, 3-H) and 6.35 (s, 1-H); m/z 497 (I@, 2X), 466 (4). 455 (13). 398 
(E), 297 (100). 198 (27), 156 (41). 79 (16) and 43 (63). 

mt-26-Dauterio-10~,13dlhydroxy-20-norgibbere11-16~ne-7,19dioic Acid 19.10-Lsctone (2). [2-‘II]- 
Cibberellin Aa methyl eater 3_aylate-1%acetate-16a.l7-epoxide (24) (100 og) in ethyl acetate 
(15 ml) and pyridine (0.5 ml) war-rtirred under an atmosphere of hydrogen in-the pre&nce of 10X 
palladium on calcium carbonate (40 tap) for 4h at room temperature. The mixture uaa diluted with 
ethyl acetate and filtered. The filtrate vaa concentrated in vacua to give a gun (105 q). _- 

Sodium iodide (400 mg) and sodium acetate (150 mg) in acetic acid (15 ml) vere stirred vith 
freshly activated zinc (200 mg). The above crude product (105 mg) in acetone (5 ml) and uater 
(0.5 ml) was added dropvire and stirring continued for a further 4h at room temperature. Work-up 
follwed by purification by flash chromatography eluting vith 30X ethyl acetate in light petrolem 
gave [Za-‘HjCAae methyl eater 13-acetate (25) (30 rag) containing 0.86 atom8 of deutarium m.9. 114- 
116oC (Lit. m.p. of unlabellad compound lll-113°C); ‘H-nmr: 6 (CHCl~)1.57 (2~‘H); ‘Hw: 6 1.08 
(s. 18-R,), 2.02 (a. -OAc), 2.57 (d, J-~OHZ, 5-H). 2.71 (d, J-1OHx. 6-H). 3.73 (8. -Oh), 4.98 and 
5.12 (2 br.r, 17-gf); m/r 398 (I@, 24X), 347 (100). 329 (42). 301 (32). 287 (45), 285 (40) and 

43 (89). 

[2a-“H]Cibberellin Ata methyl enter 13-acetate (25) (30 mg) in methanol (0.5 ml) ad PN-sodium 
hydroxide (15 ml) vu refluxed for 6h. The usual vork-up gave a gum which cryrtallirad from 
acetone:ligbt petroleum to give [2a-‘D]CAn (26) (12 mg) containing 0.87 atow of deuterium m.p. 
234-2360C (Lit.l’ n.p. of unlabelled rample 232-233oC); ‘H-nmr: 6 [(CDr)rCO] 1.05 (a, 18-IT,), 2.58 
(a. 5- and 6-H). 4.95 and 5.35 (2 br.s, 17-Hr). m/r (‘l-methyl ester 3,13-dimi ether) 419 (fl, 
100X), 404 (lo), 375 (68), 360 (17), 302 (12), 207 (29), and 73 (19). 

ent-3~-Deuterio-l3-acetoxy-lO~-hydroxy-2Oaorgibberel1-16-ene-7.19dioic Acid 7ifethyl gater 19.10- 
Lactone (11). JB-Chlorogibberellin Aa methyl eater 13-acetate (9) (200 mg) in toluene (20 ml) was 
refluxed &h [zH]tri-n-butvlrtanuane (200 uf) in the presence of 2.2’-arobia(2-mathylpropionitrile) 
for lh. Evaporation of th; rolvent in vacua and purification of the product by flash chromatography 
l luting with 30X ethyl acetate in ligE=leuP gave [3E-‘H]CA rr 
(135 mg) n.p.113-114°C (Lit.’ m.p. 

methyl eater 13-acetate (11) 
of unlabelled compound lll-l13°C) containing 0.76 atoma of 

deuterium per =lecule; ‘H-runt: 6 (CDCl,) 1.51 (br.r, 36-‘H) and 1.68 (br.r, %x-all) in the ratio 5:l. 

ent-la.2a,3cr~ideuterio-lO~,l3dihydrolry-20-norgibberel1-16-ene-7,l9dioic Acid 19,1D-Uctona (2). 
l&Iodogibberellin Al methyl erter 13-acetate (12) (500 ng) in dimethylrulphoxide (20 ml) uaa 
rtirradwith l odimn borohyhride (150 ml) for 2h at room temperature. Work-up gave crude CA1 methyl 
eater 13-acetate (10) (345 mg) which wae refluxed in pyridinc with phorphoryl chloride (350 uf) 
for lh. Work-up followed by purification by flash chromatography eluting with 25X ethyl l cemta in 
light petroleum gave CA6 methyl eater 13-acetate (33) (150 mg). GAS methyl ester 13-acetate (30) 
(400 mg) in chloroform (30 ml) van treated vith m-chloroperbenroic acid (200 mg) for 12h at 5’C. 
The reaction mixture vaa diluted with chlorofona. warhed requentially with aqueous.rodiu &phite, 
l queour rodium hydrogen carbonete and water, then the solvent was removed in vacua. Purification by _- 
flash chromatography eluting with 40X ethyl acetate in light petroleum gave CAs methyl eater 13- 
acetate-16a,l7-epoxide (31) (270 mg) as a gum; IH-nmr: 6 1.22 (0, 18-H,). 2.01 (I, 13-OA.c). 2.70 
(d, .l-lOHz., 6-H), 2.75 (d, J-5Hz. 17-H), 2.82 Cd, J-lOHr, 5-H). 3.11 (d. J-SHz, 17-E). 3.73 (#,-OMe), 
5 .SO (m. 2-H and 3-H). 
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Cibbarallin As rtbyl eater 13-acctrte-l&a,l7-cpoxide (31) (70 m9) in tatrshydrofurm (15 ml) 
wsa stirred rith lox psllsdium on calcium cerbonetc (3 lag) under sn stmoaphera of deuteriu for 

Ih at roam temperature. Xhe mixture was diluted vith ethyl scetste 8nd filtered. Xha filtrste 
was conceutreted in vecuo cad deoxygtxutad 88 follow. Sodium iodide (400 rg) end eodirs 8cetete 
(I50 q) in rle&iac l cid (IS ml) and water (0.5 ml) were stirred with freshly 8ctiv8ted 
zinc (200 w). Cde[t&Z&Jfi-?i,fCAr~ wthyl eater t3-scetrte-I&o,l7-•poxfde (52) (frm shove) 
in acatoaa (5 ml) ~8; 8dded snd stirring continued for 4h st room ttmpereture. The rrsetion 
mixture wee diluted vitb ethyl scttate end filtered; tb filtrrtr uss wsabed with vatcr then 
conccotr8ttd in wecw. Furificrtfon by fl88hchronutogr8phyelutfnf with 30X ethyl 8cetlte in 

light petroleum gave [16,26,36-‘I’is]CA ss 
dauterium atome,4lX 2 deutarium atoaa 

methyl eater 13-scctatt (32) (48 mg) conteininf 23X 3 
snd 28X 1 dcuterium stem, m. 

!P 
IlO-113oC. (Lit. m.p. of 

unlsbellad compound Ill-113oC); %nmr: 6 (CHClr) 1.41 (br.8, 18- II). 1.50 (br.4, 36-‘Ii) snd 1.77 
(br.s, 26-%); %nmr: 6 1.08 (s, 18-Hs), 2.02 (a. -OAc), 2.56 (d, J-lOllsI, S-a), 2.71 (d, J-IOHz), 
6-H), 3.72 (a, -(He), 4.98 sad 5.12 (2 br.a, I7-HZ); m/t 391 W, 3X). 359 (5). 349 (22). 303 (151, 
287 (20) and 43 (100). 

[16,26136-‘Hs~Cibbarellin Ap methyl ester 13-scetatc (32) (35 ag) was hydrotyrcd sa previously 
described for [Za- H]CAss methyl ester If-acetrta (25) to give Il6,26,38-‘DsJCAzs (33) (19 ms) 
containing 24X 3 dautcrium atoms 41% 2 dauterium atoms snd 28X 1 dcuterium stem; ml2 (Me ester, 
Sikfss ether) 421 (H+, 15X), 406 (5). 375 (40). 304 (6), 235 (ID), 207 (32), 75 (46) and 73 (100). 

tnt-Ia,2a-Didauterio-I3-scato~~,lO6-dihydroxy-20-norgibberel1-l&-ene-7.l9-dfoic Acid ‘I-Uathyl 
Ester 19.10~Lactone (35). Gfbberellin As methyl ertar 13-acetate (48) (1 g) in chloroform (10 ml) 
wsa stirred with m-ch%roperbenroic scid (0.6 8) for I2h at OoC. The uslul work-up followed by 
purificstion by flash chromatogr8phy l luting with 70X ethyl 8cetete in light petroleum gave a 
mfxtura of the km-’ a-qoxtde (34) end 6-•poxide (54) (643 ma). The mixture of apaxidaa (34) 8nd 
(54) (640 ng) in tetrdhydrofuran (If ml) wes stirred under sn stmorphere of dautcrium in the 
preseoce of 10% pslladirm on cslcium crrbonate (100 mg) for lh at room tamperstura. The cstalyst 
ws8 removed by filtretion snd the solvent evaporsted under reduced prersura to give s mixture of the 
epoxidea (51) and (55) which wes droxygcnsted under Cornforth” condition8 ss esrlicr dtacribad for 
[16,26,36-‘Hs]CAss uthyl aster 13-sectate I&a,I7-epoxide (52). Purification of the product by 
fla8h chrometoDraphy elutiap with 50X ethyl scetsta in light petroleum gsve Il6,26-‘HslC~~ methyl 
ester 13-scetete (35) as s gm (462 16) containing 1.26 stems of deuterium per molecule; ‘H-nmr: 
6 I.14 (a, 18-H,), 1.99 (s, lf-OAc), 2.65 (d, J-IfHa, 6-H), 3.21 (d, J=lIHs, S-H), 3.70 (s, -Oha), 
3.73 (m, 3-H), 4.90 snd 5.05 (2 br.r* 17-HZ); m/s 406 (If+, 19X), 378 (44). 364 (a?), 346 (28), 304 
(17). 284 (31) snd 43 (100). 

ent-Ia,2-Dideuterio-l3-aceto~-1O$-hydro~-2O~r~ib~reLl-2,l6diene-7.l9-dioic Acid ‘I-Methyl Ester 
19,10-tsctone (38). 116 2PhsJE’ ibbertllm Al methyl ester 13-acetate (35) (728 mg) in acetone ~8s 
stirred with Joza raepen; for lh st roan temoerature. York-uo gsve the crude ketone (46) which was 
immadistely reduced with sodium borohydride (200 mg) in mathsnoi 12s ml) st room tempsrstura to Siva 
s mixture of the 3a- and 36-alcohols (35) sod (36). Purificstion br flsrh chromstogrsphy, aluting 
with 65X achy1 Acetate io 1iXht petrolews, ssva the required [IB-26- Iis]-ePiCA marhyl aster 13- 
acetste (36) (460 mg) conteinin9 I.29 atoms of deutariumr 
2.2 (br.a, 26-‘Ii); ‘H-r 6 (ds-pyridine) l-55 (I, 

‘H-nor: & (CHCls) 1.5 (br.r, l&‘H) snd 
Ifl-tf,), 2.03 (8, -OAC), 2.86 (d, J-lCftz, 5-H). 

3.10 (d, J-10~2, &-H), 3.70 (I, -we), 3.95 (d, .J=lOHx, 3-H), 5.06 snd 5.30 (2 br.s, 17-hs); m/s 404 
(II+, 9X). 364 (33), 346 (ll), 304 (15), 91 (Is) sod 43 (100). 

[l$,26-‘H2]EpiCAl~thyl eatar 13-acetate (36) (430 rag) in pyridine (20 ml) was rtfluxed with 
phosphoryl chloride (0.5 al] for 0.5h. Work-up followed by flash chromstogrsphy cluting with 18X 
ethyl acetate in light petroleum gsve 8cquentislly: (i) [16,26-211s]36-chloroGAss methyl ester 13- 
acetate (37) (210 mg) containing 1.32 atoms of deuterium; ‘H-nmr: d 1.18 (s, IS-Hs), 2.03 (8, -OAc), 
2.70 (d, J=lIHt, 6-H), 3.29 (d, J-llHs, S-H), 3.73 (8, -0Me). 4.12 (d, 3=4Hs. 3-H), 4.99 sod 5.16 
(2 br.a, IY-Hs); m/t 424 (I@, 8X), 382 (48), 364 (171, 305 (8), 284 (21) and 43 (100): (ii) 
[16,2-2H2]CAa methyl eater 13-scetste (38) (35 mg) containing 0.84 atoms of dauttrium; ‘H-nmr: 6 
1.22 (a, 18-H,), 2.02 (8, -OAc), 2.67 (d, J-lOHz, 6-H). 2.80 (d, J-IOHz, S-H), 3.73 (I, *a), 4.98 
and 5.13 (2 br.a, 17-82). 5.75 (m, 2-H and 3-H); m/z 388 (II+. 3X), 358 (2). 346 (9), 314 (3). 284 
(24). 143 (IO), 91 (15) snd 43 (IOO), 

[16,26-2Hs]-36-ChloroCA~ methyl eater l+acetste (37) (50 lag) in pyridine (3 ml) ~88 rcfluxed 
with 1,8-distabicyclo(5.4.0)undec-7-ene for 2h. The ususl work-up geve on purificstion by fi86h 
chrometography aluting uith 18X ethyl l cet8te in light petroleum j16,2-2H21G& methyl aster 13- 
acetate (38) (18 mg) containing 1.30 stoms of dautarium. 

ant-la,2a,3a-Tridtuterio-I3-acatoxp-t08-ne-7,l9-dioic Acid f-Kathy1 
Ester 1 I Lactona . 1 20 mg) 
In toluene (30 ml) va~refluxa~ with [“HI-tri-o-butylrtmsna (300 u6) in the ortsence of 2.2’- 
l zobia(2-mathylpropioaitrilc) for lb. Purification-of the product by fI8sh chiomatography iluting 
with 18X athyl 8cet8te in light petroleum g8ve [16,26,36-‘Hs]C~so methyl ester 13-acetete (32) 
(120 mp) 2.25 atome 
3&-2H) sod containins 1.78 (br.r, 26-2H); 

of deuterium; 2H-nmr: 6 1.41 
(CHCl~) 349 303 (br.s, 

1.50 
m/s 391 (I@, 7X), 359 (5). (28). (15). 16-‘Ii), 287 snd (21) (br.r, 43 (100). 

ent-36-Deutario-106,13-dihydro~-20-norgibbera11-2,1&dienc-7,19-dioic Acid 19.10~Lsctone (44). 
Gibberellin Ai mathyl ester 3-ketone 13-•catste (39) (635 ms) in methanol (25 ml) was atirrz with 
sodium borodeutaride (84 m6) for lh at room temparsture. - Work-up gsve i mix&a of the 3a-•lcohd 
(41) snd 36-alcohol (40) which we8 refluxed with phosphoryl chloride (1 ml) in pyridine (30 ml) for 
Ih. Work-up gave a mixture of the 36-chloro compound (47) snd the A2’“-ene (58). The mixture of 
(47) and (58) was rafluxed with l,8-diarabicyclo(S,4,O~-undec-7-ene (0.5 ml> in pyridine (f0 ml) 
for 2.5h to give, after purification by flssh chromatography clueing with 18% ethyl acatata in light 
petroleum, [3-2H]CAs methyl eater 13-8cetate (58) (156 mg) conr8ining 0.96 stems of deutariun. 
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[3-‘H]Cibbercl!in As methyl ester 13-acetate (58) (158 mg) in chloroform (20 ~1) was treated 
with m-chloropcrbenroic acid (95 ng) for 3.5h at room tecapsrature. Work-up folloved by purification 
by flash chromatography eluting with 70% ethyl acetate in light petrolclrm gave a mixture of the a- 
epoxide (42) and B-epoxide (56) (85 mg). 

The mixture of epoxidsa (42) and (56) (85 mg) in tetrahydrofuran (3 ml) was stirred with 10% 
palladirn on calcium carbonate (catalytic) under an atmosphere.of hydrogen for 0.5h atrm 
temperature. The mixture was diluted with ethyl acetate and filtered. Concentration of the 
filtrate in v*cuo gave crude -- [3a-‘H]CAt0 methyl ester 13-acetate 16,17-epoxide (50) (70 mg). 
Without further purification the exocyclic double bond was regenerated by the method of Corniorth” 
as previourly dercribed for [lB,ZB,3B-‘H,]CA~~ methyl eater 13-acetate 16a.l7-epoxide (52) to live 
L3o-‘g]%e methyl ester 13-acetate (43) (52 mg) containing 0.96 atome of heuteiim. 
was identified by itr ‘H-MT and PII‘ rpectra. 

The product 

Hydroiyris of [3Q-*H]CA2~ methyl eater 13-acetate (42) (50 mg) aa previously dercribed for 
[1~,2~,3~-~H,]~4~~ methyl eater 13 acetate (32) gave [3a-‘Hl~20 (44) (8.5 md mtainilrl 0.96 l t- 

of deuterium m.p. 228-229OC (Lit.” m.p. of unlabelled compound 232-233OC) m/a (Me ester. S*s 
ether) 419 (h+, 100x), 404 (lo), 375 (44), 360 (13). 302 (10). 238 (7). 207 (25)s 75 (16) and 73(7) 
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