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Abstract-GA,,-aldehyde obtained from mevalonate via ent-kaurene, ent-kaurenol, ent-kaurenolc acid and ent- 
7u-hydroxykaurenmc acid m a cell-free system from immature seeds of Cucurbrta maxima was converted to GA 12 
by the same system When Mn2+ was omitted from the system GA,,-aldehyde and GA,, were converted further 
to several products Among these GA, s, GAz4, GAS, and GAS, were concluavely Identified by GC-MS With 
the exception of GA3, these GAS have not previously been found m higher plants Another biosynthetic pathway 
led from ent-7a-hydroxykaurenolc acid to very polar products via what was tentatively identified as ent-61x,7%- 
dlhydroxykaurenoic acid An unidentified component with an MS resembling that of a chhydroxykaurenohde 
was also obtained from mcubatlons with mevalonate 

INTRODUCTION 

MOST OF the mformatlon on the biosynthesis of glbberellms m higher plants has been 
obtained from studies of cell-free systems. The first cell-free system to biosynthesize glbber- 
ellin precursors was reported by Graebe et al 1 who demonstrated the incorporation of 
mevalomc acid (MVA) mto ent-kaurene (1) and ent-kaurenol (2) m a system from imma- 
ture seeds of Echinocystzs. Using this system West and his colleagues’ provided detailed 
mformatlon on the biosynthetic steps from MVA to ent-kaurene (l), ent-kaurenol (2), eut- 
kaurenal(3), ent-kaurenoic acid (4) and ent-7m-hydroxykaurenoic acid (5). The formation 
of the ent-kaurenoids (l-4) has also been reported m cell-free preparations from seeds of 
Pisum3-5 and Cucurbita.6*7 

In more recent work with the Cucurblta system Graebe et al.* using CC-MS unambi- 
guously identified ent-kaurenolc acid (4), ent-7a-hydroxykaurenoic acid (5) and GA, ,-alde- 
hyde (6) as conversion products from MVA. The identification of GA, ,-aldehyde (6) pro- 
vided the first example of the ring contraction of the ent-kaurenoid ring system to an ent- 

’ &.4IBE,. J. E.,.!&m~s,. D T ..Lkm,.C 0 miiW~%&C A_ (.l_‘Hi5)..1 RmI. Cbm. 24I&l.X47 
2 WEST, C A (1973) Review m Bzosyntheszs and INS Control m Plants (MILBORROW, B V , ed ), pp 143-169, Aca- 

demic Press, London 
3 ANDERSON, J D and MOORE, T C (1967) Plant Physlol 42, 1527 
4 GKAEBE, J E (1968) Phytochemlstry 7,2003 
’ COOLBAUGH, R C and MOORE, T C (1971) Phytochemlstry lo,2401 
6 GRAEBE, J E (1969) Pfanta 85, 171 
’ GRAEBE, J E (1972) m Plant Growth Substances 1970 (CARR, D J, ed ), pp 151-157, Springer, Berlin 

s GRAEBE, J E , BOWDEN, D. H and MACMILLAN, J (1972) Planta 102, 261 
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gibberellane in a cell-free system of a higher plant. We now 
of GA, ,-aldehyde (6) to other GAS m the Cucurhita system 

@cH2 ($$‘H2 

CO,H 

(1) A = Me (5) 
(2) R = CH20H 
( 3 1 A = CHO 
(4 1 R = CO,H 

RESULTS 

Incubatron with MVA-[2-‘4C] and Mn’+ 

report the further conversion 

C”2 

CO,H 

(6 1 R = CHO 
(7) R = C02H 

When the Cucurbita system was incubated with the standard mixture of cofactors 
(Mg2+, Mn2+, ATP, PEP, NADPH) and MVA-[2-14C] up to 30% of the label was mcor- 
porated into several components, which were separated by TLC. Among the major pro- 
ducts ent-7a-hydroxykaurenoic acid (S), GA, ,-aldehyde (6) and GA 1 z (7) were again8 con- 
clusively identified by GC-MS. Likewise identified were ent-kaurene (I), ent-kaurenol (2) 
and ent-kaurenoic acid (4), which were obtained m variable amounts dependmg on the 
mdividual enzyme preparations. In addition, three well defined zones of material more 
polar than GA, 2, fractions I, II and III, were detected by TLC (Fig. 1). The yields of these 
products and some non-diterpenoid material that was obtained as 
Table 1. 

I 

well are listed m 

R, 
FIG 1 SEPARATIONOFRAUIOACT~VEPROUUCTSOBTAINEDBYINCUBATIONOFTHE Cucurhfas~s~~ (50 ml) 

WITH D,L,-MVA-[2-“+C] (125 &I, 5 0 pCl/pmol) AND COFACTORS INCLUDING Mn’+ 
Separation by TLC-system 1 3 6 cm of a 15 cm lme were scanned for radloactlvlty with a rate meter 

settmg of 1 8 x lo5 cpm = lOO”(, 

Very strong evidence indicates that fraction III IS identical with etzt&,7a-dihydroxy- 
kaurenoic acid (11). Rechromatography m TLC-system 2 (see Experimental) and again m 
system 1 as well as investigation of a sample by GC-RC revealed a single component. This 
was characterized as a 6,7_dihydroxykaurenoic acid by GCMS of the his-TMS ether (8) 



Biosynthesis of glbberellms 

TABLE 1 YIELDS OF PRODUCTS IN THE Cucurblta SYSTEM* 
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Product Peak7 

Umdentified 
Unidentified 
ent-6a,7a-Dlhydroxykaurenolc acid (11) 

GA,2 (7) 
ent-7a-Hydroxykaurenolc acid (5) 
GA, ,-aldehyde (6) 
ent-Kaurenol(2) 
ent-Kaurenolc acid (4) 
enr-Kaurene (1) 
Unidentified non-dlterpene 
Squalene 

I 
II 
III 

IV/V 
IV/V 
IV/v 
VI 
VI 
VII 
VII 
VII 

Yield 
( lo6 dpm) 

3.1 
45 

240 
4.6 
95 

220 
19 
31 
14 
3.0 
11 

* Incubated with D,L-MVA-[2-14C] (355 ~0, 5 &l/pmol) and the standard n-nxture of cofactors (total volume 
142 ml) 

t See Fig 1 and ExperImental Section 

and of the Me n-butylboronate (9). 9~10 The MS of the Me bis-TMS ether (8) (Table 2) 
showed a very weak M+ at m/e 492 and strong M+-15 and M+-90 ions. A vicinal bis -TMS 
ether was indicated by the presence of an ion at m/e 14711 and by a base peak at m/e 269 
which is assigned structure (10) and which could arise by cleavage a as shown in structure 
(8). An ion at m/e 209 was present corresponding to the loss of 60 amu (HCO,Me) from 
the base peak, m/e 269. The MS of the Me bis-TMS of fraction III was different from the 
MS of the corresponding derivatives of the known em-6/?,7fl- and -6/?,7c+dihydroxykaur- 
enolc acids. Although an authentic sample of the known ent-6c(,7a-dlhydroxykaurenolc 
acid (11) was not available for direct comparison this structure (11) is assigned to fraction 
III* from the striking similarity between the MS of its methyl ester TMS ether and of the 
methyl ester TMS ether of the norketone (12) (Table 3). 12,13 These MS showed analogous 
fragmentations including a base peak at m/e 269 (10) and ions at m/e 209 and 147. 

TABLE 2. MS OF FRACTION III-[L4CJ METHYL ESTER TMS ETHER 

492 (0.7), 481 (S), 480 (8), 479 (27), 478 (21), 477 (59), 404 (7), 403 (6), 402 (22), 271 (22), 270 (21), 269 (lOO), 
253 (5), 211 (9), 209 (19X 151 (5), 147 (13), 75 (9), 73 (24) 

Structure (11) for fraction III received further support from the ready formation of an 
n-butyl boronate (9). The MS (Table 4) of this derivative gave a M+ at m/e 414, showing 
the correct “B: l”B isotopic ratio 81: 19. The base peak at m/e 285 (M+-129) contained 
boron and is assigned structure (13); an ion at M+ -84 corresponds to the loss of OB(CH2)3 
Me” and a strong ion at m/e 137 1s assigned the structure (15). The methyl n-butyl bor- 
onate of the norketone (12) had a very similar MS (Table 5)13 which showed M+ 416, a 
base peak at M+- 129 (m/e 287) (14) and an ion, m/e 137 (15). 

* Notr added 111 proof Comparison of fraction III with rnt-6a,7z-dlhydroxykaurenoic acid (I I) (kindly 
donated by Profs C A West and P R Jefferles) by GC -MS. conclus~vcly proved their IdentIty 

9 BROOKS, C J W and HARVEY, D J (1971) J Chromatogr. 54, 193 
” BROOKS, C. J W and MACLEAN, I (1971) J Chromtogr. Scr 9, 18 
I1 BINK$ R., MACMILLAN, J and PRYCE, R J. (1969) Phytochemrstry 8,271 
I2 HANSON, J R and HAWKER, J (1972) Tetrahedron 28,2521 
I3 BEARULR. J R (1973) Ph D Thesis, Bristol Umverslty 
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TABLE 3 MS OF METHYL rnr-61 ~~-I)IHYI)ROXY-I~-OXO-~ 7-NoRKWRAh- ~!?-OAT~ ~IFTMS’~ 

494(06), 481 (IO), 480 (25), 479 (75) 405 (5) 404 (15). 361 (JO), 330 (5). 329 (16). 271 (7). 270 (20). 269 (100). 
255(11), 210(7) 209(37). 151 (9) 146(5). l45(35). 137(6), 133(5). 10.3 (7). 75112, 7.3(5?) 

416(64). 41.5 (7 8). 414 (7l), 413 (5 7). 399 (12). 39X (16). 397 (13,. 396 (3X). 395 (9). 357 (X). 356 (Y). 355 (141 
354 (21). 353 (6). 341 (22). 240 (IX), 339 (51). 33X (15). 3.32 (3X), 331 (26). 330 (loo), 314 (13). 313 (16). 312 

(IX). 300(27). 299 (27). 298 (60~ 297 (l5), 2X7 (26). 286 (2X), 2X5 (99). 2X4 (2X). 272 (13). 271 (12). 270 (21) 
257 (13), 255 (33). 254 (15). 753 (30). 246 (13), 245 (21), 706 (36), 205 (19). 203 (20). l-17 (23). I45 (IY). 139 
(?3), 137(71), !21 (2X), 119 (26) !OX(?3) L(if,(IY)_ !04 (41)+ LOI (26) 95 (30)_04 17l).Y) f!X)+Yl~ (1_6)_ XL (79) 
79 (26) 5.5 (26). 41 (23). 40 (3X) 

Note strong [‘4CJ-lsotop~c penk5. e g m e 416 = M’ + 3 These are also apparent ~OI the \trongcr peaks m 
Table 2 

TARL~ 5 MS OF MFTHYL L’IM-~Z.~;~-IXHI IIROXY- 16-0x0- I 7-NORKAIJKAN- I %on-rt u-HI TYLBOKOVAT~ ' ' 

416 (3), 401 (I). 356 (6). 342 (5) 341 (21) 340 (5), 302 (6). 28X (IX), ‘87 (100) 286 (3.3) 137 (IO), 109 (5) 101 
(7). 95 (X), 93 (5), X1 (5). 79 (5). 55 (j), 44 (14) 

476 (2), 461 (2), 433 (4), 387 (4). 3X6 (13), 343 (4), 29X (S), 297 (24). 296 (100). 281 (8). 270 (5). 269 (4). 26X 
(7). 221 (6). 208 (5), I95 (5). 193 (5). 182 (5). 1x1 (I I). 173 (5), 172 (IX), l6Y (5), 160 (16). 159 (6) I57 (7). 156 
(l2), 149(5), 147(19). 145(X), 143(X), 137(27). 131 (II) 130(16), l29(13), l,j(lO) 12-t(X). llU(6). 11X(9). 
I17 (6). 110 (7) 109 (X3), 107 (6) I05 (9). 104 (j), 103 (19). 95 (6) 93 (7). 92 (6) Yl (5). X1 (7). 75 (30). 74 (71, 
73 (74) 

Fraction II was further separated by TLC-system 3 mto three subfractions, II.1 (R, 0 33, 
3 0 x 10” dpm), II.2 (R, P43, 3.1 x 10” dpm) and II 3 (R, 0.55. 2 3 x 10” dpm) The MS 
of the methyl ester TMS derlvatlve of II 3 (Table 6) showed the correct M ’ and the typical 
fragmentation of a dlhydroxykaurenohde The presence of strong Ions at lit/e 109 and 137 
show it not to be hydroxylated m the A-ring. However. the MS did not correspond to that 
of any of the known kaurenolldes’4 and it was not possible to assign an exact structure 

(8) (9) (10) (11) R =CH2 
(12) R =0 

Fractions 11.1, II.2 and the very polar material in fraction I could not be Identified from 
then MS 
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Interconversion ofmtermedlates m the presence of Mn” 

The radioactive fractions and compounds that had been obtained were re-incubated 
with the system to establish the sequence of their formation. Incorporation of ent-kaurene 
(1) mto ent-kaurenol(2), ent-kaurenal(3) (tentative identification), ent-kaurenolc acid (4) and 
unidentified acids was reported earlier.’ After the acids had been ldentlfied,8 another incu- 
bation (10ml) with ent-kaurene-[14C] (6.5 x lo6 dpm) yielded ent-kaurenol (2) and 
ent-kaurenolc acid (4) (together 1.3 x lo5 dpm), ent-7r-hydroxykaurenoic acid (5) and 
GA,,-aldehyde (6) (together 9.1 x lo5 dpm), GA, 2 (7) (4.7 x 10’ dpm), fraction III 
(2.9 x 10’ dpm), fraction II (2 8 x 10 dpm), fraction I (1 4 x 10’ dpm) and unconverted 
ent-kaurene (1) (14 x lo5 dpm) In a separate experiment ent-kaurenol-[‘4C] yielded the 
same products except ent-kaurene (1). Incubation of ent-kaurenoic acid (4), ent-7a-hydroxy- 
kaurenolc acid (5), GA,,-aldehyde (6) and fraction III gave the results shown in Table 
7 which represents one of twenty mcubatlons of identical composltlon but with different 
enzyme preparations. The amounts of products obtained with the mdlvidual preparations 
varied markedly but the products always gave a similar TLC pattern. ent-7cr-Hydroxy- 
kaurenoic acid (5) was converted to GA, ,-aldehyde (6), GA, 2 (7), fraction III and fraction 
I but GA,,-aldehyde (6) was only converted to GA12 (7) and fraction III was only con- 
verted to fraction I. Resolution of the ent-7a-hydroxykaurenoic acid/GA, ,-aldehyde pair 
by TLC-system 2 or 5 showed ratios varying between 4: 1 and 1: 4 when ent-kaurenoic acid 
(4) was used as a precursor. When ent-7a-hydroxykaurenoic acid (5) was used as a precur- 
sor it was often completely consumed. GA 1 ,-aldehyde (6) was not converted back to ent- 
7u-hydroxykaurenolc acid (5) to a detectable extent. Fraction I, fraction II and GA,, (7) 
were not converted further m the standard system. These results establish the following 
sequence of formation: ent-kaurene (1) + ent-kaurenol(2) -+ ent-kaurenolc acid (4) * ent- 
7a-hydroxykaurenoic acid (5) -+ [fraction III -+ fraction I]/[GA 1 ,-aldehyde (6) -+ GA 1 z 
(7)]. Each of these steps was shown to be enzymatic by control incubations in which the 
enzyme preparations had been denatured by boiling. In no case was conversion obtained 
with the boiled preparations. The exact origin of fraction II 1s unknown at the moment. 

TABLE 7 ~NTERCONVERS~ONOFSUBSTANCESOBTAINED IN THE Cucurblta SYSTEM 

IncorporatIon mto products (dpm) 
Fraction Fraction Fraction ent-7cc-OHKA (5) ent-Kaurenoic 

Precursor I II III GA,* (7) GA 1 ,-ald (6) acid (4) 

ent-Kaurenolc acid (4) 4760 1340 4320 5740 7060 5540 
ent-‘la-OHKA (5) 6670 0 4950 9010 12400 0 
GA, ,-aldehyde (6) 0 0 0 9570 9550 0 
Fraction III 6750 0 6290 0 0 0 

Standard mcubatlon mixtures (0 2 ml) incubated for 2 hr at 30” Products were extracted, separated by TLC, 
located by scanning and scraped mto hqmd scmtlllation vials 

Incubation of GA , ,-aldehyde (6) zn absence of Mn2’ 

Further conversion of GA, ,-aldehyde (6) and GA12 (7) to more highly oxidized GAS 
could not be achieved using the standard system. However, incubation of GA, ,-aldehyde- 
[14C] in the standard system (10 ml) but without Mn2+ resulted in almost complete con- 
version of this compound to 5 new fractions, A-E, which were separated by TLC (Fig. 
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FE 2 SEPARATIONOF RADIOACTNE PRODUCTSOBTAINEDBY INCUBATIO~VF THE Cucwb~tas~s~~~( 1Oml) 
WITH GA,,-ALUEHYDt-['4C]'(20~Cl~~IIIIOI) AND COFACTORS EXCLLDLhG MllL ' SEPARATION IN TLC- 

SYSTEM 1 

Fractions A-C are not ldentlcal with liactlons I-m(l;lg 1) although their R, values are slmllar .7 6 cm 
of a 1Ocm hne were scanned at a rate meter range of 6 x lo4 cpm = lOIT’,, 

Fraction E (21.6 x 10” dpm after elutlon) was rechromatographed m TLC-system 2 and 
again m system 1, which separated a mam component (13.4 x lo5 dpm) and a minor one 
(1 9 x lo5 dpm). The main component was methylated and shown by GC-RC to contam 
only two radloactlve compounds which were ldentlfied as GA, 3 (7) and GA, j (16) by GC- 
MS. GA, 5 (16) was the major component of the fraction, accountmg for 95”,, of the radlo- 
activity 

‘CO,H 

(13) R = CH2 (15) (16) R = H (18) R = H 

(14) R = 0 (17) R = OH (19) R = OH 

Fraction D (57.5 x lo5 dpm) was shown to be homogeneous by chromatography m sys- 
tem 2 followed by system 1, after which 4 1 x 10’ dpm were recovered Methylatlon and 
examination by GC-RC confirmed that the fraction contained a single radloactlve com- 
pound which was identified as GA,, (18) by GC---MS. 

Fraction C (11 7 x 10“ dpm) was separated mto a major component (4 1 x IO’ dpm) 
and a minor one (0.22 x 10” dpm) by TLC systems 2 and 1 The major component was 
identified as GA,, (17) by GC-MS of the methyl ester TMS derivative. No other radioac- 
tive component was present m the purified material. 

Fraction A (9.0 x 10” dpm) and fraction B (22.1 x lo5 dpm) were further fractionated 
by TLC systems 2 and I to provide several radloactlve components which. however, 
ylelded no useful MS because of the presence of non-radioactive substances 
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Incubation wzth GA1 2 (7) zn the absence of Mn2+ 

Incubation of GA 1 z -[‘“Cl in the standard system (10 ml) without Mn2+ gave the same 
fractions A-E as described from the mcubatlon with GA, ,-aldehyde (6) 

Fraction E was methylated and separated by TLC-system 4 into two components 
(2.5 x lo5 and 3.6 x 10 dpm) which were identified by GC-MS as the methyl esters of 
GA, 2 and GA, 5 respectively. In addition GC-RC showed that each methyl ester was 
accompanied by a minor radioactive peak of slightly shorter retention time. Only the peak 
accompanying GA1 5 was present in sufficient amount for GC-MS. It had the same mole- 
cular weight as the methyl ester of GA, 5 but has not yet been identified. 

The other fractions were examined without further TLC purification. As m the mcuba- 
tion with GA,,-aldehyde (6), fraction D (@69 x 10’ dpm) contained only GA,, (18) and 
fraction C (3.5 x 10’ dpm) only GA3, (17) by GC-MS and GC-RS. 

Fraction B (2.75 x lo5 dpm) was examined as its methyl ester TMS derivative and 
separated mto four radioactive peaks containing 10, 38, 33 and 19% of the radioactivity 
by GC-RC. The last thr& components were further examined by GC-MS and the one 
accounting for 38% of the radioactivity was identified as GA36 (19). The other two have 
not yet been identified. 

In each mcubatlon all the compounds identified had the same specific radioactivity as 
judged by GC-MS. I5 This indicates a direct mcorporation of the precursors as well as 
a direct relationship between the intermediates. 

DISCUSSION 

Our previous paper’ demonstrated the formation of GA,,-aldehyde (6) from MVA in 
a cell-free system from a higher plant. The present results show that GA,,-aldehyde (6) 
is converted further to GA,, (7), GAX5 (16), GA24 (18), GAS, (19) and GA3, (17) by the 
same system. 

GA, z (7) was identified in our earlier work* although its origin as an enzymatic product 
from MVA was interpreted with caution since we had shown that GA,,-aldehyde (6) was 
readily converted non-enzymatlcally to GA 1 2 (7). Our results now definitely establish that 
not only 1s GA,, (7) an enzymatic product of GA,,-aldehyde (6) but is also converted 
further to the other identified GAS. In the meantime West2 has referred to unpublished 
results of Nakata which provide chromatographlc evidence that GA 1 2 (7) 1s also a metabo- 
lite of GA, ,-aldehyde (6) in the Echinocystls cell-free system. 

GAS7 (17) has recently been isolated from mature seeds of Phaseolus uulgauis.‘6 With 
this exception the GAS obtained in the cell-free system have not been found previously 
m higher plants. 

Our results indicate a branch point in the pathway from ent-kaurene (1) in the Cucurbita 
system. It occurs at ent-7a-hydroxykaurenoic acid (5) which is converted either to what 
1s tentatively identified as ent-6a,7c+dihydroxykaurenoic acid (11) and hence to fraction I 
or to GA 1 ,-aldehyde (6) and the gibberellms. This accords with findings in the fungus Gib- 
berella fuJikuroi.2 

The steps from ent-kaurene (1) to all of the identified products represent oxidative reac- 
tions. However, the conversion of GA, 2 (7) to the other GAS 1s inhibited by Mn2+ 
whereas its formation is not. Thus one or more of the enzymes in the steps from GA12 
(7) have properties distinct from those catalysing its formation. 

I5 BOWEN, D H , MACMILLAN, J and GRAEBE, J E (1972) Phytochemlstry 11,2253 
I6 HIRAGA, K , YOKOTA, T , MUROFUSHI, N and TAKAHASHI, N (1972) Agrlc B~ol. Chem 36, 345 
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EXPERIMENTAL 

The large fruit commercial variety of Cucurhita mavana L was the same as used ln earlier publlcattons^ * where 
it was mcorrectly identified as C prpo 

Cell-free extracts conststed of endosperm removed from immature seeds as described.’ centrifuged at 20000 g 
dtalysed against phosphate buffer (005 M, pH 8 0) with MgClz (2 5 mM) and kept frozen m liquid Nz Standard 
incubation mixtures contamed MgCl, (lOmM), MnCl, (1 mM) ATP (5 mM). phosphocnol pyruvatc (IOmM) 
and NADPH (0 5 mM) m addition to the phosphate and MgClz present in the didlyaed cndosperm prcpdiation 
which constituted 75% of the total vol 

Prrpuratron of i4C-l&led eotnpounds for identification and for use as substrates was perlormed by a large 
scale mcubation containing endosperm preparation (106 ml). I~,L-MVA-[2-‘“C] (355 /ICI 5 &Yi!/lmol) and the 
standard mixture of cofactors (total vol 142ml) After mcubation for 3 hr at 30 the products were cxtr‘tcted 
and separated on 3 plates (20 x 20cm) by TLC-system I (Fig 1 shows one of these plates) Each fraction was 
rechromatographed m the same system to afford complete separation from the others Fraction IV V (Fig 1) 
was further separated mto GA Iz (R, 0). GA I Z-dldehyde (R, 0 43) and rnf-7x-hydroxykaurenoic acid (R, 0 61) 
by TLC-system 5 Fraction VII was chromatographed m system 6 which separated a subfraction of unknown 
composition but without diterpenotds (R, 00), squalene (R, 0 5. identified by co-chromatography) and enr-kaur- 
ene (R, 1) The yields of fracttons and compounds at thts pomt were as listed in Table 1 Fraction III for identifi- 
cation was obtained from a separate mcubation of the same composition but with MV4-[7-‘SC] 01 xp~fic ,lcti- 
vny 6 7 $Yi/arnol 

TLC-systems used on silica gel G were I CHCl,--EtOAccHOAc (70 30 I), 2 CHCI, FtOAcmHOAc 
(70 30 1) with 5”<i 4gN03 III rhr layer. 3 CHC‘! EtOAccH0.4~ (30 70 1) 4 Petrol (44>~60 ! FtC),%c (1 1). 5 
Petrol (40_60’+cetone (70 30). 6 Petrol (40-60’) 

GC-radroco~i~rlncl (C;C- RC) urd CC ~h4.T were performed on glas\ columns 3 mm x I 5 m p,tcked with 2”,, SF- 
31 for GC-RC and 15mm x 15 m packed with 2”,, SE-?? for GCMS In GC RC the A CO: gas !Iow was 
lOOml/mm and the temp was programmed from 190 at 4 /‘mm In CC‘ MS the He gas how wds .3Oml mm 

and the temp was programmed from 190’ at 3‘/mm The data from GC-MS was processed by an on-11ne Lmc 8 
computer to give normalized spectra from which the peaks due to column bleed hdd been sub3trdcted 

The n-hutylhoronatrs were prepared by the method of Brooks and Harvey 9 The authentic no-ketone (12) w,ts 
a gift from Dr J R Hanson 
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