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growth activity of several a-qnethykne- T- 
lactolm has bean well doalmented.’ It hu been 
establkbed that this activity b due to the exo- 
methykne group conjugated to the lactone CO and 
this 8tlwtunl feature i almoat indhipcn6abk~ for 
this action. It haa also been shoti that some y- 
lactoncn in whkh a tri&stituted double bond or a 
cydopropano ring is conjugated with the lactone 
carbonyl am even more active’ than the parent Q- 
methylene- y-tactones. fGgnificantly, cross conja- 
gated ketone moiety has been recently reported to 
promote growth in plants: 

hOldC~tOpfOVidCallOppOXth~tOCStablidl 

whetbar the plant growth activity of +ctoncs is 
due to double bond conjugation in the ta,fl- 
position and to obtain further structure-activity 
data we set out to synthesize several derivatives 
from costunolide. The prcacnt communication rc- 
ports the synthesis of fourteen compounds. Their 
evaluation as plant growth regulators has confirmed 
the structure-activity correlation reported earlier 
from our laboratory.’ These biological data will be 
published separately. 

cortunolide (I) on reaction with diazomethane 
affords a crystalline adduct CI&Ip4Nz, m.p. 150”. 
W 274. The IR spc&um showed the absence of 
band at 820 cm-’ typical’ of a-methylene in con- 
jugation with lactone moiety. The presence of 7- 
lactose (y=-o 1760, -N-=N-, 1560 cm-‘) and the 
NMR spednun (Table f) were sufhcicnt to charac- 
terize this compound as the pyrazoline derivative 
(II, without stereochemistry). 

The pyrazoline on pryolysis affords a three com- 
ponent mixture which on chromatographic scpara- 
tion gave three crystalline compounds m.p. 990, 
140” and 120”. 

The compound m-p. W, C,&f,O, displayed an 
intact +ctonc and showed the absence of band 
due to -N-N-. Its NMR spcchum ckarly 
showed the presence of cyclopropane protons, this 
coupled with the other NhfR faatures suggested 
shuctureIlIforthiscompound.Thissnucturewas 
further cot&med by the chemical correlation re- 
ported later. 

robe compound m.p. MO”, &Ha4 contained a 
y-la&one moiety. Its NMR feature3 initklly kd ua 
tobclievethatitwasa~ofEandZisotuers 
(Iv and V respectively), however, a comparison of 

the NMR spccuwn with that of costunulide flable 
I) clearly showed that the E isomer is only present. 

Thus in costunolide the protons of the u- 
methylone group appear as two pairs of dd one of 
which is located at 5.47 and the other 6.26. litcra- 
turercwsal#thattheprotonhavingacisrektionto 
theCOisusuallydcshieldcdductoitaaclipsing 
relation with the CO. As our compound shows its 
Cl3 ok6nic proton at 6.07, it obviously must have 
thir hydrogen dr to the CO and hence must be E 
isomcr.t 1~ appearance as a doublet of quartet 
shows its coupling with C&c and C, allylic H. 
f&@kantly thi8 ktter coupling is large (2Hz). 
More mign&antly the G&I (Me at C,,) alw appear 
aa doubk doubkb due to coupling with C,,H and a 
large homoallylic coupling (2Hz). Si cases of 
large allylic and homallylic coupling arc recorded in 
literature.’ This argument was also confinned by 
examiningthe6Oand9OMHzspectraofthiscom- 
pound. Based on these arguments compound m;p. 
1Wwasas@K?dstNctureIV. 

The compound m.p. 120” displayed typical fea- 
tures for mathyIenic and vinyl double bonds (bands 
at 1650, 890, 920 and lOlOan-‘) which were 
absent in the other derivatives. This itself was a 
sufhcient evidence to suggest a transformation of 
the p dihydrocostunolide (VI) to !Sausurrea lac- 
tone (VII). lbcsc IR spccW features were in 
conformity with the NMR spccuum which further 
displayed a doublet of quartets at 6.13 typical of E 
isomer mentioned above. This suggested structure 
VIII for this compound. 

Ckmiurl comkulon. In order to show that 
pyrolysis had not affected the thermally labile lo- 
membered ring of costunoluic present in the con+ 
pounds m.p. 990 and MP we carried out a chcmi: 
cal correlation of these compounds based on the 
known cydirations of c0atunOlidC t0 CyClocoG 

tlulaa. 

Compound m.p. w on reaction with BF,- 
etherate gave a oixture which on chromatographk 

t In o# of our sxpcrim&b we .ware abb to iaotstc I 
productwkmcNMRsfWIumluvMtedittobaamisuuc 
ofBsndZisoman.lIutsitcbaiyahowedrWood 
mutttpbt at S.39 sud to the sllylk methyl region a unuc 
~WWruduetotbcpreseflc&othisolIla~wslI 
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Tabkl. NMi2qwctraofawtunoWd&uivu(chamhlahUt&18ppm) 

C, a Cl0 
Compound fithyb GH C,6H CI a GH Cl3H 

II 1.43.3H br 5.53. &I 4.85.4Hcompkx mul@kt - 
1.83,3H ba J-9,lOHz 

m 1.4O.JHbs 4.8 m 0.8 & 1.2m 4.8m O.&l.2 m 
1.73.3H bs hidden by 

C,dCJI 
Iv 1.4,3H k 4.4 t 2.13.dd3H 4.63 m 6.07, dq 

1.7,3H bs J-9.5Hz J-7.S,2Hz J-7.5.2Hz 
VIII 1.81, 3 Hb 4.13 t 2.2, dd 3H C,H, 5.83m 6.13, dq 1H 

l.O7,3Hs J-11JHz C, & C,H,S.Om4H J=3,7Hz 
I 1.4.3H br 4.5 t 4.7~5.08 5.47dJ-3.SHz 

1.66,3H bs J-1lHz m 6.2dJ-35 
1Heh 

Tabk 1. (cartd) 

upon c,* 

X 082s 

Xlla 0.93 I 

Xnb 0.89 s 

IX 0.9s 

XIII 0.85 I 

CA 

3.95, t 
J- ll.OHz 

5.23. t 
J-llH2 
4.18, t 
J-1lHz 
4.25, t 
J=1lHz 
3.97, t 
J-1lHz 

Cl3H 

535,lH d 
J-3Hz 
6.03,lH d 
J-3Hz 

0.8-1.1 

ttlO.lHm 

Cl6H Cl& 

4.75.1H k 
4.90, lH k 

4.32.2Ht 4.95.1H k 
J=8Hz 5.04,lH k 
4.69.2 Hm 4.8.lHb 

S.O,lHbs 
0.8-1.1 4.95.lH ba 

5.07,lN be 
&3,3Hdd 4.8S,lH ba 
J-2,7Hz 5.0. 1H bs 

Tabk I. (Chki) 

C=v’nmd C,d@ w ClP Cd (3 cm 

XIV 0.9 a 3.85, t S.37,lHd - 5.37 m 1.8 b 
J=llHz J-3Hz 

6.02,lHd 
J=3Hz 

Xv 1.0s 5.1. t - 4.69.2Ht 5.42 m 1.92 bs 
J-1lHz J-8.SHZ 

XVI 1.28 5.78, d - 4.78.2Ht - 1.98 ba 
J-1lHz J-8HZ 

0.97 8 4.17, t 0.8-1.2 m 0.8-1.2 m 5.5 IM 1.9 k 
J=llHz 

0.9 8 3.9, t 6.1,lHdq 2.17.3Hdd Mom 1.87 bs 
J-1lHz J=8,3Hz J=3,8Hz 

acpamtionfumhbcdthomajorpmductasauyst8l- 
line compound m.p. 78”. From ita IR and NMR 
chbk I) fcaum8 thin Campound~W 
structum IX. This compound could ako .be ob- 
tained from &cycloa)s~ude (x) of known stnac- 
hlrc and stc~tly.” pcgclocortpnolide on 
reactionwithdieuomethaDorgmdrrmixtureof 
two producta. From this mirhuw two pyrazolinss 
m.p. 101’ (major) and 195” (minor) wore obtained. 
ThoIR8pectraofthasctwoiaomerscklarIyrulaoIIt 
the powibWy of tautomeriz8tion aa neither homer 
hanybandto-NHgroup.Thealtemativomo& 
0fadditionof~to~ofdxIisnlled 
out from the NMR qwctrum. Thus, from their 

spearal features the compoIln& UC obviously 
stereoiaomm at Cl,. 

g@nikantly, in one of the bomon m.p. 101” the 
~protonirappr&ablyhhieklcdandappaarsat 
5.23 whoreaa +I the other it l ppean at 4.18. Bwd 
on the known da8hiolding of the -N-N- group- 
ing it ia obvhm that compound m.p. 101’ mort be 
rapredented by XIIa wherea the other pyrazolho 
must be roprcwnted by XIIb. Bxamhtion of mod- 
ohshowatllatxIIbwillbenKwodihllttoform 
thanXIIaainceinXIIbthereisnon-bondedin- 
teracthn of Cu methyhe with C, and C, proton8. 
Inxuaontheotberhndtbaeinteradionr8rcof 
much amaIler magnhde. 
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Fyrolyai8 of compound l&p. 1OP fIwniw8 two 
i!someric prodlicbJ n5.p. 78” and 92”. The spscml 
features of these compou& arc in compktc ac- 
axdwithstnl&ufeIx8ndxrIIrespe&ely.The 
compound I&p. 789 i8 ideatiad in cwely respact (tk; 
mmp, IR) with the compound obtained by the BF, 
cyclizatkn of anupound m.p. 99.185 suggested 
that in compound m.p. W the 10 membered car- 
bocyclic ring ia intact. 

Compound IV m.p. 140” had also an intact lo- 
membered carbocydic ring as shown by it8 cycliza- 
tion with BF34wrate which a&rdcd a compound 
m.p. 920 identical in every respect with the axa- 
pound XIII pmparcd from @cydouxtunolidc. 

For the syuthe& of more compounds to cstabhsh 
structure-reactivity ruhktionship, a-qcloUntunolid~ 
(XIV) was made to undergo rwction carried out for 
&cyclooostnnolidc. In this two pymzoIines m.p. 
97” and 1550 could be obtained. The NMR spectra 
showed that compound m.p. 9T should be rep- 
resented by XV without stereochemistry). In com- 
pound m.p. 155” the NMR showed G proton as a 
doubkt and lows the absence of c, proton. Hence 
this pyrazoline should be repmsonted by strwtwcs 
XVI. TEis af8o exphdns the iow ffeid position of the 
C&proton as compared compounds II, XI% and 

etha: etkr (5%). (Foood: C, 76-W II, 8.97. C,$&&. 
mpirsr: C 78.01: Ii. 9.00%). IR bands st: 1750.1650. 

The pyrazoiine (XV) m.p. 97” was transformed 
by pyrolysis into a s&i m.p. 73” and a hquid 
isomer. These were assigned stmctnrc XVII and 
XVIII rcspcctiyely by nn examinntion of their IR 
sndNMRspcctm. 

Examination of Table I showed that C& proton is 
apprwiabfy ckshWkd when costunoli&, a and 
&cy&wxtunoljdes arc axNwtcd into pyrozolines 
(II, XIIa and XV). Baaed on thin large dcshielding 
ali these pyrazohnes mnst hnvc the same 
stereochemistry at C,, with the -N-=+I-- gronping 
f3-oriiwed. 

rsmo;il. IR q&t&i were taken in nnjol sb. 
NMRsoectuworemcordcdiacDQ.withT?ulsuthe 
~~~.~~~~~~ 

CbtUOOikk@)WUSiSOl8tCdtmmCUtUSlWOtSSW?- 
nutokyrpoCiarkebywabfiahcdm&ods.Itwascon- 
verted into a- aud &cycloautunolkk ss aimady n- 
ported in iiterature? 

c&ma dlromatography over fiiodr%io, was carried 
outusingt.kmetfu@of8uhhDev.TkwscaRiedout 
usi SiaJa suppikd by BDH. Vitioo of spots 
was dorm by spraytug with H$iO,/MeOH foliowed by 
hcstiog at 12P. 

~~~~ (Il. A toln of am- 
tuooiide (58) iu ether (1OOml) was allowed to rcaot with 
aoethemalsohlofdiazanwthalletilithcyelIowcololn 
pr&&dforfiuat2~.Tldsftl&hed 

Foumk C, 70.8S;H. 9.2. C,,$isJysNz mquiros: C, 70.04, 
H, 8.08%). fR baoda at:-1760, 1660 sod 156OaK’. 

pporo~of~@).~~(43~ 
heated at its m.p. 1SP for 4 hr. The product mixture was 
chromato8raphcdtofunlish~m.p.1~iopat 

1660, 1016, 920 ark 898cnk’. A CompoUd m:p. 990 
was elated in pet ether: other (15%). (Found: c, 77.58; 
H, 9.13. c,&$f&& mquirea: c, 78.01; I& 9.08%). IR 
bands s1: 1755.1670 and 830-l. A wmpound m.p. IW 
vu ellncd in the same solvent system. (Found: c, 77.91; 
H, 9.28. c;&C&, requfru: C, 78.01; H, 9.00%). fR 
bsuds at: 17SO. 1650 and SSOcm-‘. 

Qclizofionojcomf~~&m.pWa8d IW. Thecom- 
pound 990 (1.08) in dry ether (IOmi) was reacted with 
ISF,-ethurtc (0.5 ml) at rt for 4 hr. Tho msjor prodr=t 
@(. m-p. trr) wss obtakd in pet ether: ether (20%) 
chute. (Footi C, 78.21; H, 9.13. C1fipOz requirtr: C, 
78.01; H, 9.00%). lR baada at: 3070, 1775, 1650 rod 
892 cm-‘. 

!Similu reaction on wmpouod m.p. WP lflordcd a 
compound X.fIf, m-p. 92p. @our@: c, 78.23: H, 9.11. 
C,$~&. requirea: C, 78.01, H, 9.00%). fR bands at: 
3050. 17S0, 1675 895 aud 86s cm-‘. 

cku&ul&xund&mof~Ixoud~wfth 

~~~o~~~~~~rn8j~ 
pyrauolinc (Xl& m.p. 1013 In pet other: ether (25%) 
cluate. (Fowd: C, 70.65, H. 9.1. Cr&&sNz requires: 
C,70.04,H, 8.08%). Dt bands at: 3080. 1785, 16445. 
ISSO aud 892cm-‘. 

~~~~,rn.p.l9~w~~~~ 
net ether: ether (50%) stuate. (Found: C.70.45. K9.S. 
&l&c@JI rcquiru:~C, 70.04;H. 8.08%). IR bands at: 
1775. 1650, lS58 sod 892au-‘. 

fwfy*crJ~=f~~wrolyrb~naported 
above at 110’ stWdui a mixtum. Compound DC m.p. 78” 
was eiutad iu pet etbsr: ether (10%) aod compouod XfD, 
m.p. 9r in pet ether: ether (15%). These compounds 
were found idantiui (th& mmp aad IR) with aJmpouod.a 
obtained from the BF, cyciization of compouods lII aud 
Iv mspeuiwly. 

kacdou @ dW wfbh a-cycfocorrrrmolfdc 
(XIV). a-cydocm~on~withdirannetb8ne 
fumiiabed a mixture of pyrazoiiues. A compound XV m.p. 
W war eluted with pet other: ether (40%). (Found c: 
70.8s. H.91. Cr&OsNz rcquiruz C, 70.04; H, 
8.08%). IR bar& at: 1790, ISSO and 84Ocm-‘. 

Tbe mirror pynsoik (XVI, m.p. 1Ss) was also eluted 
ill pet ether: ether (48%). (Foul& c70.84. H, 9.19. 
C&&&N2 nquircsz C,70.04,H,8.08%). IR bauds at: 
1780, 1550 and 89Oan-‘. 

~~~~~~p~. Pyrolyskofxvst 
108=dIordedamixtwofproducwAcompouudXVID 
was eluted iu uct ether; atber (10%). @nuuk C, 77.68; 
H, 9.06. C,&& re&irw c 78.61; H, 9.0%), while 
net ether: other (15%) &ted a axunouad XVII. 
in*p. 7Y. (Foul& cl 77.75; H, 8.92. c,&& requirk 
C.78.01; 99.0%). lR bands at: 1780 sod 8SOcm-‘. 
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