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Abstract-By GC-MS the following acidic constituents of the endosperm of Echirzocystis macrocarpa 
were identified: abscisic acid and its trans,trans-isomer, 4’-dihydrophaseic acid, GA4, GA,, iso-GA,, 
GAz4, GA,,, two isomers of GA13, GAd3, erzt-6a,7a,17-trihydroxy-l6ctH-kauran-19-oic acid and ent- 
61~,7a,16/?,17-tetrahydroxykauran-19-oic acid. The structures of the last three new natural products were 
confirmed by partial synthesis. ent-Kaurene was detected in the neutral fraction. 

The presence of gibberellin-like (GA-like) com- 
pounds in the seed of Echinocystis macrocarpa 
Greenewasdemonstratedby West andphinney [Z]. 
and by Corcoran and Phinney [2]. The latter in- 
vestigators found maximal biological activity in 
the liquid nucellus-endosperm of seed in which the 
cotyledons had developed to 50% of their final 
length. The identification of the GA-like com- 
pounds in the endosperm was first investigated by 
West and Reilly [3] who resolved an acidic extract 
into GA3- and GA,-like components by PC. Later 
Elson et al. [4] examined a similar extract from 
more mature seed by TLC, spectrofluorimetry, and 
bio-assay. They tentatively identified GA, (l), GA3 
(3), iso-GA, (5), GA4 (2), GA7 (4), and iso-GA, (6) 
plus an unidentified substance f with properties 
similar to GA7. In view of the successful use of cell- 
free enzyme preparations from the endosperm of 
E. wcrocarpa in the study of the early stages in 
GA-biosynthesis [S], a re-examination of the 
endogenous GAS in this endosperm was under- 
taken using integrated gas chromatography-mass 
spectrometry-computer data processing (GC- 
MS-C). 

RESULTS AND DISCUSSION 

Four separate samples of liquid endosperm, sup- 
plied by Professor C. A. West and his associates, 

were examined with essentially the same results. 
The samples were prepared from seed collected in 
1968, 1970, and 1971 in Santa Monica, California, 
at the stage of maturity routinely used [5] for the 
preparation of cell-free enzyme systems. The 
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EtOAc soluble extract from the endosperm was 
separated into acidic and neutral fractions which 
were bio-assayed using the mutant d-5 of Zen 
l~w~a [6] (Table I) before being sent to LIS for GC 

MS-C. No detectable biological activity remained 
in the aqueous residue after extraction of the liquid 
endosperm by ethyl acetate and essentially all the 
biological activity was present in the acid fraction. 
Although the bio-assay data arc of limited value 
because of the variable results obtained at different 
dilutions of a particular sample, the levels of GA- 
like compounds were very low compared to the 
maximal levels (ca 500 /lg GA,-eyuivalenLs per ml) 
obtained by Corcoran and Phinney L-?]. 

The acidic fraction was cxamincd bq GC MSSC 
as the Me and MeTMSi derivatives without 
further purification and the following known com- 
pounds were identified by comparison with refer- 
ence MS: [7, X] abscisic acid (7) and its ~TUIISJYUIIS- 
isomer, 3’-dihydrophaseic acid (8), GA, (2). GA, 
(4). isu-GA? (6). GA,, (9), and GAzi (IO). In addi- 
tion to these known compounds the following 5 
compounds were detected: a dihydroxy-GA,,, 2 
monohydroxy-derivatives of GA,,, and a trihyd- 
roxy- and a tetrahydroxy-derivative of c)fzt-kauran- 
19-oic acid. 

The dihydroxy GA,, was assigned the structure 
(11) from the MS of the MeTMSi derivative which 
showed M _ 580 with fragment ions at /t~/cj 147 (13) 
and 217 (14) indicative 17.91 of a 2,3-dihydroxy- 
GA. The structure (11) for this new GA. alloca- 
ted [lo] the number A,,, was confirmed by partial 
synthesis of the tri-Me ester (12) from GA,R (15). 
Hydroxylation of the 2.3-dehydro-norketone (17), 
derived [ 1 11 from GA, 3 tri-Me ester (16), gave the 
2,3-diol (18) which was protected as the his-TM% 
ether (19). then reacted with I17ethylenetriphenyl- 
phosphorane. Mild hydrolysis of the Wittig pro- 
duct removed the TMSi-protecting groups and 

yielded GAd3 tri-Me ester (12). While this work 
was in progress. GA 43 (11) was identified as a 
major radioactive product from GA ,,-aldehyde 
[‘“Cl in a cell-free system from the endosperm of 
CucurhitLl nztrsimci, and further investigation 
showed that GA,, also occurs endogenously in C. 
r~l.~i/~cr endosperm [I?]. 

The monohydroxy dcrivativcs of GAli were 
characterized by the MS of their Mc and MeTMSi 
derivatives. The spectra of the triMe esters of both 
compounds showed the expected stepwise loss of 
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32 and 59/6Oamu from the three ester functions 
and weak M ’ -18 ions. The spectra of both deri- 

vatives of each compound contained intense high- 
est hydrocarbon peaks [I-1] at nl/e 223 with corre- 
sponding peaks at 59 and 6Oamu higher. The MS 
of the MeTMSi derivatives do not show significant 
fragment ions at rl~/e I19 (typical 17. S] of l- and 3- 
hydroxy GAS), at ITZ,/P 207.!8 (characteristic [_7] of 
1 i-hydroxy GAS), or at n~ir 156 (typical [8] of 1% 
hydroxy GAS). Neither do the MS of the MeTMSi 

derivatives contain strong M’-90 ions shown [S] 
by 11/j- or 12x-hydroxy GAS. With the available 
reference spectra. it has not been possible to 
deduce structures for these two monohydroxy de- 
rivatives of GA,, and the partial synthesis of poss- 
ible structures is in hand. 

In contrast to the results of Elson rt (II. [4] GA, 
and GA, were not detected. The cones of the GAS 
in the acidic extract were determined by GLC and 
found to be in the range 0.5--~ 2.0 ,Llg per ml endo- 
sperm. Although the biological activities of GA,, 
and the 2 monohydroxy-derivatives of GA,, have 

not been determined. they would be expected to be 
low in the maize d-5 bioassay since GA,3 [ 141 and 
GA,, [I S] have low activities and the presence of 
a 2p-hydroxy group, as in GAdj. usually leads to 
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Partiul sythesis of yihherelli~~ A,, w/7?.l L’SfCI‘ (12). (a) ‘T/w 
did (18). The norketone (17) ( 100 mg) of 2.3-dehydro-gibberellin 
Az cI trimethyl ester. prepared from gibberellin A I j (15) [I 11 was 
treated for 4daysat room temp. with OsOl (100 mg) in C‘,H,N 
(@3 ml) and CHCI, (0.3 ml). The reaction mlxturc was then 
stirred for 15min with Na,SzOj (2OOmg) in C,H,N- 
HZ0 [ 181. Recovery in EtOAc gave an oil ( I 16 mg), purified by 
PLC on Si gel with EtOAc- petrol (4: 1). Elution of the band at 
K, @2 0.3 gave the dial (18) crystallising from Me,CO-petrol 
as a flocculent microcrystalline powder (93 mg) m.p. I4X I50 
(Found:,C 60.3; H. 6.9”;,; M+ 438.189. C‘,,H,,O, requires C. 
60.2; H, 70’,; M 438. I X9): IR I’,,,, (nujol) 3540, 3460. 1745 and 
1725 cm-‘; PMR T 8.73 (s, 1%Hs). 7,34(d J 12 Hz. 5-H). 6.38. 
6.34, 6.28 (each 5. 3 x -CO>Me), 6,16(d J ~HL, 3-H). 6.05 (tl. 
J I’ Hz, 6-H), 55(&, J 4 and 12 Hz. 2-H); MS m/r 438 (M-. 
?S:;), 47@5). 406( 100). 3xX( 13). 374( 19). 37(x13). .361(56), 
35ylS). 346(21). 32X(24). 318(lh), 301(19). 231(2(I). ll7(13). and 
9 I( 15). 

(b)Dioldi-TMS~fhc~~(19).Thediol(18~8Omg)in C,H;N(l ml) 
was stirred for 3 hr with Me,SiCI (0.3 ml) and (Me,Si),NH 
(@I? ml). The oil obtained by evaporation under vacuum was fi- 
tered in EtOAc through a short Si gel column. Recovery from 
the filtrate gave the gummy di-TMSi cthcr (19) (93 mg) which 
was used directly in(c) without further purification; MS VI/C 582 

(M+, I .I;,,. 567(h), .507(g). 492(3), 43?( 100). 372(7). 351(42). 
2 17(52). 204(23), 1 X8(5 I). 173(5(j), 147(23). 75(Y), and 73(46). 

(c) GihhadLin A,, tri?neth,/ ester (12). Butyl lithium was 
added dropwise. and with stirring, to Me triphenylphos- 
phoniumiodide(370 mg)inTHF(lOml) until the yellow colour- 
ation persisted and the suspension had almost completely dis- 
solved. The diol di-TMSi (19) (92 mg) in THF (3 ml) was added 
and the mixture was stirred at room temp. for 4 hr. then re- 
fluxed for 5 hr. After removal of the THF‘ by distillation under 
vacuum. H,O was added and the pH was adjusted to 2.5 with 
2 M HCI. Recovery of the product in EtOAc gave a gum 
(244 mg) which was stirred for 2 hr with gentle warming with 
HOAc --H,O (5: I). The recovered gum was purdied by PLC on 
Si gel with EtOAc-petrol (3: I). Elution of the band al K, 0.35 
0.45 gave gibbcrellin A,, trimethvl ester (l2)(46.5 mg) as a gum. 
homogeneous by TLC’& two sdlvent systems andbj GL?’ as 
the Me ester and Me ester di-TMSi cthcr, each on 2 columns. 
(Found: C 62.‘). H 7.7” M L 436,206. C’?,HS,O1, requires C. 
63.3; H. 7&” M;3dGlO)Y’IR \ ,,ld* (CHCI,) 3540br. 3400br. 1720 
and l655cm. I; PMR 5 8.72(s, IX-H,), 7,36(d. J 12 Hz. 5-H). 
6.40, 6.34, 6.2X(each s, 3 x -CO,Me), 6,16(d, J 4 Hz, 3-H). 
6.lLyd. J I2 HL. 6-H). 56O(dt, J 4 and I I HL. 2-H). 5.10 and 
5~lO(m, 17-H,): MS /nie 436 (M-, 13”::). 41X(2). 404(56). 386(3). 
376(4), 372(4). 358(21). 344(100). 326(20). 316(?9). 312(10). 
29X(28), 2X4(28). 267(1(I). 257(1(I). 239(2X). 12Y( I?). and 91(Z). 
The Me ester di-TMSi ether had I~,‘L’ 580 (M ‘, l4”,,,). 565(6). 
548(2), 520(2), 505(9). 490(10). 431(100), 371( 1 S), 349(2(I), 217(35). 
204( 15). 18X(26). 173(25), 147(18). 75( 16), and 73(4X). The ace- 
tonide, prepared from gibberellin A,, trimethyl ester. Me,CO. 
and a trace of p-MeC,H,SO,H at room temp. was obtamed as 
a gum !n~‘e 476 (M’. 0.5). 461(44). 444(2). 41X(25), 3x6(44). 
358(39), 376(1OO), 299(51), 2X1( 19). 267(16). 339(41). 22X(13), 
167(22), and 43(24). 

MS data for the two /~lotlohvd~oz~-dr~ir~c~til:~,,~ of GA2 j. (a) \- 
H~&ory GA,,. Me ester: m,‘e 420 (M ‘, 45), 402(2). 3X8(66). 
360(100), 356(52). 342(1X), 329(93). 32X(41), 326(3(J). iOl(61). 
3Oq52). 283(64), 282(27), 2X1(30), 241(36). 239(41). 223152). 
222(16), 221(23), 164(95), 155(34). 143(36). 131(34). 129(Z). 
121(34), 119(43), 105(45). 93(43). 91(54), and 81(?9); MeTMSi 
492 (MC, IY), 477(2). 460(13). 432(22). 342(10), 31 l(l3). 296(10~. 
283(34), 282( 16). 281(9), 223(21). 222(9). 221(O). 164(Z). 75(57). 
and 73(100). (b) y-Nyd~u.yy GA,,. .Mc ester I?I!C 420 (M ‘, 
1). 41X (0.5). 3X8(31). 360(2). 366(10). 332(1 I). 32X1 100). 300(4.7). 

283(39). 2X2(51). 241(22), and 223(46); MeTMSi: &e 492 (M+. 
3), 477(l). 46O( 14). 400(18). 342(24). 31 I( 13). 2X3(36), ‘82(36), 
223(35), 173(42). 171(78). 164(I5). 75(43). and 73(100). 

ent-67.7%. 16/i. I7-~~r,.tr/11&o\ I&IUI.NII- IO-or<. mid (20) was 
charactcrised 1~) the following GC-MS data tar tho MeTMSi 
derivative: I~I’L’ 670 (M _. 03). 6%(X). 5So(l). 567(34). 565(3), 
477(100),417(5).3X7(10).36l(l).309(5).26’)(37),109(13). 191(131 
147(24), 129(15). 117(15,. IO?(I5). 7.5(U). and 77(92). CiLC R, 
i 17.95 mini and MS identical to the TMSi cthcr of the product 
irom 0~0, treatment of mcth?l i,ill-(,r.7r-dih~drox~ka’~I1-enoic 
acid (24). The MeTMSi ot [‘nl-h~.?%. 16~. I7-tctmhydmxykaur- 
anoic acid (21 ). provided hy Professor h. Takahashi, had I!I!C 
655(i), 567(32). 565(l). 3771 IO()). 417(-I). ?rt7(9), %I( I). .;09(4). 
269(5). 20914). 191(71 l47( 13). 119(-t). I l7(?). lOi( 75( I I). and 
73(44); it had GLC R, of 16-X rum. 

cnt-6z7r. I7-7-~i/i!,tlro.\\,/~~~1~~[/~1- IY-oic rrcitl (22) was charac- 
tcrlsed by the Itillowing CC MS data for the MeTMSi deriva- 
tive: I?I:~ 5X2 (M ‘. 061. 567(54). 523(3), -lY2(9). 479(Z). 47714). 
361(18). 269(100). 309(24). 14?(7:). lO3(14). 75(26). and 73(X1). 
GLC R, (19.45 min) and MS identical to the MeTMSi of the 
minor product from h~droboronatlon of c,,lt-bx.7r-dihydrow\- 
kaurcnolc acid. 

aq. NaHSO, (I ml). the Ini*tllrc‘U:IsC\tr;lctr‘d \\ith EtOAc (3 x 
I ml). The recovered product \\‘I?, YO”,, pure h\ GLC and had 
the same R, (I 7.65 min) as the McTMsl of the tetrahqdroxj- 
acid fl-om I;. I~Iu(‘vo~LI~,>~I. (h) Il!,‘i~vhorcl,~rrrro,i. The acid (UI 
5Opg) in dry THF (1Ojll) was treated Gth @5 M BH, .THF in 
THF (5Olil) for ?Omin at 20 H,O, (6”,, TV) m 5”,, aq KOH 
(I ml)uas ’ * d and. alicr 30 min. the soin n\as acidified to pH 
2.5 and e% ted with EtOAc I.: x I ml). Recovered matrrlal 
was shoun by GLC IO con\isI of a minor product (22. 5”,,) and 
a rnalor product (23. XV’,,). The McTMSi of the minor product 
had the same R, ( 1045 min) and MS as the MeTMSi of the trl- 
hydroxy-acid from E. ~n~t’i’o(‘t~r,~,. The McTMSi of the major 
product (23) had a R, of 32 min. and the same MS as the 
MeTMSi of the minor product. 
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