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PLANT HORMONE~IX’ 
PHASEIC ACID, A RELATIVE OF ABSCISIC ACID FROM SEED OF 

PHASEOLUS MULTIFLQRUS. POSSIBLE STRUCTURES 

J. MACMILLAN and R. J. PRYCE 
TIE Department of O~anic Chemistry, The University, Bristol 

(Received in the UK 8 Augvtt 1969; Acceptedfor publicufion 20 Augaut 1969) 

Abdac-IR, UV, NMR and MS have bctn used to investigate tht structu~ of phaaeic acid, a C,+5d 
isolated from immahlrc eeed of Phaseolvr mulrl~nu. afthe alN?n m considersd,thespcctroscopic 
dataiebtstintcrprtttdintcrmsofthtcpoxidt~orthtoxc~OCV).Phaeeicacidapparstobcacloec 
structural rclatiw of tk natural plant growth inhibitor, (S)-( + )-aba&ic acid. 

THE previously uncharacterized acid, m.p. 207-209”, obtained from immature seed 
of Phaseolus mftiflorus by MacMillan et al.’ has been re-isolated and named phaseic 
acid.3 Detection and isolation of the acid was greatly aided by GLC after methylation 
with diazomethane. With limited amounts of phaseic acid (6 mg from 25 Kg seed) 
our information on its structure is derived mainly from spectroscopic data. In a 
preliminary communication’ we briefly described this data which obliged us to 
advance structure (I) depicting phaseic acid as a close structural relative of (,!I)-( + )- 
abscisic acid (II).- Since several doubts remain* over the structure of phaseic acid 
we present our evidence in full in this and the following paper.’ 

Phaseic acid was shown to be a monocarboxylic acid, C, sH200s, by high resolution 
MS of the acid and its monmoethyl ester, mp. 155-158”. IR and NMR data for phaseic 
acid and methyl phaseate are presented in Tables 1,2 and 3 and compared with the 

Phaseic acid Methyl phoseote Abscisic acid Methyl obscisote 
(Nujol mull) (CHCl,) (KBr disc.)’ (CHcl,) 

cm-’ Assignment cm-’ cm-’ Assigmnent cm-’ 

Abbreviations: sat = saturated, br = broad, vbr = very broad, sh = shoulder 

l Added in Proof: Set also B. V. ~Milborrow, Chem. Comm 1969,966. We thank Dr. Milborrow for his 
courtesy in sending us a copy of his manuscript before submission 
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TABLE 2. NMR SPECTRA OFAILSCMCANDPHA~CAC~DSAT~~ MHz 

Abscisic acid (I&aaztone) Phascic acid (D,-acetone) 
r Intcsral AssigMlcnt T Integral Assignment 

(= II) (see III+VII) 

900 
8% 

8.15 db J 2Hz 
8GOdbJ2Hz 

3H 
3H 1 

3H 
3H 

ah 

c,d 

!m 3H A 
8.84 3H B 

795 br Ad J 2*5Hz 3H C 

7.89 
7.54 qt J.,l6& 

8GO @a.) 

1H 
1H 

1H -al 

5.80 @a_) vbr 

4.33 br 

4.26 br 

t 1,,16Hz 

1H -C&Ii 

1H 

1H l3& 

1H i 
1H j 

7.71 1H 
7.33 qt J&8% 1H 

I 

DB 
764 1H F,G 
7.25 St J&8& 1H 

7.80 (ax.) 1H -w 

6-42 db Ju,7.5Hz 1H H 
61 1 qt-&J7*5Hz 

and J 3.5Hz 
1H I 

6.15 (ca.) vbr 1H -CWI 

4.28 br 1H J 

342 1H 
l.86 qt kl6fi 1H 

K 
L 

db = doublet, qt = quartet(ABh br = broad, vbr = very broad, and all the otlm peaks axe sharp singlets. 
Ad = line width at half height. 

corresponding data for abscisic acid and methyl abscisate. Analysis of this data indicate 
many similarities between the structures of phaseic acid and abscisic acids and, 
together with UV and MS data discussed below, suggests the presence of the structural 
units (III to VII) in phaseic acid and methyl phaseate. 

The presence of the g-methyl-2-ci.s4rrmdienoic acid grouping (III, R = H) 
has been amply confirmed. While the IR data on the acid and methyl ester do not 
distinguish between the cis, trans-, trans, trans-, and rrans, cisdienoic acids,’ the 
UV spectrum of phaseic acid [J,,,_ (MeOH) 258 nm (s 14,54Kl)] is closest to that 
expected for a cis, fruns-geometry. 4* 9-1 1 Strong evidence for the cis, trans-geometry 
(III) is also provided by the NMR spectra (Tables 2 and 3) of phaseic acid and methyl 
phaseate. The chemical shift of the g-Me protons (C), allylically coupled to the 
a-proton (I), is similar to that in abscisic acid and methyl abscisate and supports the 
assignment* of the &-stereochemistry to the u$double bond. A rrmtsdouble bond 
would be expected to shift the S-Me protons downfield by ca. 0.25 ppm.12 The y(L)- 
and G(K)-protons are similar in coupling constants and chemical shifts to the corres- 
ponding protons in abscisic acid and methyl abscisate. Only one OMe signal is 
observed in the NMR spectrum of methyl phaseate confirming that phaseic acid is a 
monocarboxylic acid. 

Further evidence for the 2,4dienoic acid grouping (III) in phaseic acid and methyl 
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ester is provided by mass spectroscopy.’ Phaseic acid and methyl phaseate show 
sign&ant peaks at m/e 111 and m/e 125 respectively which can be assigned to the 
rearrangement ions (IX, R = H and R = Me). The appropriate metastable for the 
transition M+ + m/e 125 (C7H,02) was observed for the methyl ester. The formation 
of aromatic oxonium ions such as IX by 5,6+inylic cleavage of 2,4_dienoic acids is 
welldocumented,i3* I4 and may be represented by X. We have also observed the 
ions (IX, R = H and R = Me) in the respective mass spectra of abscisic acid and 
methyl abscisate. In accord with the presence of a 2-cis4cransdienoic acid grouping 
(III) in phaseic acid it is found that solutions of both methyl phaseate and methyl 
abscisate, on exposure to light, produce similar ratios of the cis, trans- and trmrs, 
trans-isomers. i5 

The IR spectra of phaseic acid and methyl phaseate (Table 1) indicate the presence 
of a saturated CO function which cannot be in a 5- (or smaller) membered ring. The 
NMR spectrum of phaseic acid (Table 2) strongly indicates that this CO function has 
four a-methylene protons (D,E,F,G) which appear as two ABquartets having chemical 
shifts and coupling constants consistent with their assignment to the protons in the 
grouping (IV). In methyl phaseate in CDC13 solution, the pairs of protons DE and 
F,G have the same chemical shift and appear as two 2-proton singlets. 

The presence of a tertiary OH group (V) in phaseic acid is indicated by the IR 
spectra of the acid and its methyl ester and by the NMR spectrum of the methyl ester 
in hexadeuterodimethyl sulphoxide which showed to additional couplings’ 6 compared 
with spectra in deuterochloroform solution where no C-1I-_o-ll coupling could be 
detected. We also found that methyl phaseate, like methyl al&sate, did not form a 
trimethylsilyl ether with hexamethyldisilazane and trimethylsilyl chloride in pyridine. ’ 
Although, since then, trimethylsilyl ethers of methyl abscisate” and methyl phaseate” 
have been prepared with bis(-trimethylsilyl)de, we consider that the lack of 
formation of these derivatives with the hexamethyldisilazane reagent is indicative of 
a hindered tertiary OH group in phaseic acid as in abscisic acid. Similar non-formation 
of trimethylsilyl ethers with hexamethyldisilazane has been observedlg in the case 
of hindered tertairy OH’s of some carotenoids where the OH’s were in a similar 
hindered environment to that in abscisic acid. 

The presence of two tertiary Me groups (VI) in phaseic acid is revealed by the 
occurrence of two sharp 3-proton signals (A and B) in NMR spectra of phaseic acid 
and methyl phaseate. 

The function of the fifth oxygen and of the two hydrogens (HI) which are not 
accounted for in the expressions (III and VI) are crucial in defining the structure of 
phaseic acid. The two hydrogens (H,I) appear as an ABquartet in the NMR spectra 
of phaseic acid (Table 2) and methyl phaseate (Table 3). Their chemical shifts indicate 
that they are attached to C atom(s) bearing the fifth oxygen function which is concluded 
to be ethereal from the absence of spectroscopic evidence for any other type of oxygen 
function. The coupling constant Jm 7.5 Hz and the chemical shift of protons H and I 
are discussed in detail later with reference to specific structures for phaseic acid but 
the NMR data indicate the grouping VII rather than the alternative VIII. Another 
fact to be accounted for in defining the structure of phaseic acid is that the proton I 
in the grouping VII is further coupled to proton D in the system IV; this coupling, 
shown by spin decoupling, is most clearly seen in the spectra of the methyl ester in 
hexadeuterodimethylsulphoxide. 
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The functions in groupings (III-VII) indicate that phaseic acid, C1SH200S, is 
bicyclic with one carbocyclic ring and one Oxygen-COntaining ring. Seven such 
structures were considered for phaseic acid. Of these, structures XI and XII were 
eliminated on the evidence, cited above, that phaseic acid contained a tertky 
hydroxyl group ; and structure XIII seemed improbable from the coupling constant, 
JHI 7.5 Hz, which is much larger than that foundzh for frans42.3 to 3.1 Hz) or cis- 
(39 to 4.5 Hz)-vicinal coupling in 1,2wxides. 

omo2H 
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+j [“I + omC02H f$+$ 
0 

xx XXI XXII Cl Cl 

XXIII 

A decision between the four remainin g structures-the terminal epoxide (I), the 
oxetanes (XIV and XV), and the 5-ring ether (xvIt_cannot easily be made on the 
NMR data. None of these structures provides an obvious explanation for the observed 
J 35 Hz between proton I in VII and proton D in IV. Nor can any of these structures 
be conclusively excluded by comparing the NMR data for the protons H and I in 
phase& acid with the T- and J,, -values, reported in the literature, for the a-protons 
in cyclic ethers (Table 4). Although the Jm in phaseic acid is higher, and the r-values 

Phaseic acid Tetrahydrofuram 

6-11,6.42 6-o-6-7”A 
7,5 67-9922 

oxetane8 Tcmkal cpoxidca 

5+6.@3e-’ 6+7-710~ 
5+_7.322.130 4-o-6-322 

for these protons a little lower, than the values found for terminal epoxides the effect 
of the cyclohexanone CO function is difficult to assess. For example, the epoxide 
protons HA in cedrelone (XVII)24 and hirtin (XVIII)25 have chemical shifts of 622 
and 6-07 t respectively ; they are probably deshielded by 7-CO group since proton HA 
in the diacetate (XIX), derived from cedrelone, resonates at 6.78 r.24 The oxetane 
structures @IV and XV) provide the least best fit ; although Jtu seems a reasonable fit, 
the observed ~-values for protons H and I are higher than normally found for oxetanes. 
Indeed the CO group in the cyclohexanone ring might be expected to deshield the 
a-protons in these oxetanes (uide supra). Although the a-methylene protons in the 
tetrahydrofuran (XVI) provide an excellent fit for the r- and Jtu-values in phaseic 
acid, this structure and the oxetane structure (XIV) were excluded on the following 
evidence. 

High resolution MS of phaseic acid and methyl phaseate, discussed in detail in the 
following paper,’ contained prominent peaks with appropriate metastable ions for 
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the sequence M+ + m/e 83 (C,H,O) + m/e 55 (C,H,). These fragment ions were 
formulated as Xx and XXI respectively and it was concluded that phaseic acid, like 
abscisic acid possesses a gemdimethyl grouping on carbon, fl- to the CO group. This 
conclusion seemed in harmony with the similar chemical shifts of the two tertiary 
Me groups (A,B) in phaseic acid and methyl phaseate with those (a,b) of abscisic acid 
and its methyl ester (Tables 2 and 3). This similarity together with the similar chemical 
shifts of the 8-protons (K and i) in the dienoic side chain in both series further suggested 
the presence of an oxygen function between the dienoic acid grouping (III) and the 
gemdimethyl grouping as in partial structure XXII. Additional evidence for the 
sequence XXII is adduced from high resolution MS and is presented in the following 
paper.’ The y-proton (L) in the dienoic acid (IV) occurs at lower field in phaseic acid 
and methyl phaseate than in abscisic acid and its methyl ester and is presumably 
deshielded by the llfth oxygen function in phaseic acid. 

The presence of the grouping XXII in phziseic acid would rule out the tetrahydro- 
furan (XVI) and the oxetane (XIV) structures for phaseic acid, leaving the epoxides (I) 
and the oxetane (XV). A decision between these two structures, in favour of the 
epoxide (I), is made in the following paper.’ Structure I requires a long-range coupling 
of 3.5 I-Ix between one of the epoxide protons and one of the methylene protons, 
a- to the CO group (aid supra). Long-range coupling through epoxides has been 
observed but of a lower magnitude, the largest being 1.1 I-Ix in indene oxide.“j A long- 
range coupling of 07 Hz has been observed2’ in the epoxide (JEIII) between the 
high-field signal of protons B and the lower field proton of protons A. 

Although abscisic acid (II) exhibits a very intense positive Cotton effect with 
extrema at 287 nm ([a] + 24,000”) and 245 nm ([u] - 69,W) in acidified ethanol, 
phaseic acid shows only a plain negative curve. It would appear therefore that the 
enhanced Cotton effect in abscisic acid may be due to interaction between the chromo- 
phores of the dienoic acid and the q&unsaturated ketone. This Cotton effect has 
been used to detect very low concentrations of (S)-(+)-abscisic acid in several plant 
extracts2** 29 but it could not be detected in the crude acidic fraction from extracts 
of seed of P. nudtij7oru.v by this method. 

EXPERIMENTAL 

M.ps arc corrcctcd. GLC was carried out with a Pye 104 dual columu instrument fitted with llamc 
ionization detectora Silanizd glass columns, 5’ x 5132” i.d were packed with 2% QF-1 or 2% SE-33 on 
dcmineralind and silankd Morn A. Trimetbylailyl ether wae prepwed as previously dcsaibed.30 
For TLC silica layua (03 mm) were developed in the solvent systems de&bed and sprayal with 4% 
Cc(SO,), in 10% H,SO,aq. UV spectra were obtained with a Gary 14 spcctrophotometcr. IR spectra were 
obtained with a Perkin Elma 257 spe&ophotomctcr. NMR spectra were obtained with a Varian HA100 
or A-60 spcctrometcx for solns an desuibal with TMS as intemal standard Murs spectra were obtained 
with an A.E.I. MS.9 iwhumcnt. Light petroleum had b.p. 60-80”. 

Isoktion ofphwtc ackf. Immatum seeds of P. multfJunu (25.8 Kg) wae extracted and the crude acid 
extract (1618) chromatographed aa previously dwxibcd.30 Phascic acid was isolated from fraction 40, 
elutcd with 470/, acetone in water, from cbarconl-cclite chromatography of the crude acid extract. Phascic 
ackI and gibberellin A, had prsviously been dected in this fcactlon an their muthyl cstua by GLC. Methyl 
phase&e had retattion tima of 6-3 amI 3.8 min (methyl m 50 amI 30 min) on PA QF-1 and 2”/. 
SE33 columlM lwpcctively (column tamp 180”; arrk ~N,6Oml/mininaIlaws).Ckudcphaacic 
acid (16 ma) wan clutal from a c&e&Ii& acid column with 5 to 15% WAC in CHCl,. Repeated crystal- 
lization from EtOAolight pct~oleum gave phaack acid (64 ms) in pknm mp. 205-#n-S” (c& 207-209° 
rcf2) parent ion mured 208.132, C,,H,,O, rcqulrca 280131; TLC R, value., 055 in EtOAc/CHCl,/ 
AcOH (15 : 5 : 1) (abscisic acid had R, value, 065 under the same conditions). 
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Methyl phaseare. A methanolic soln of phaxic acid (59 me) wan treated with excess ctbmal diammethane. 
After filtration and evaporation, crystnlliption Tom benzenelight petrokum afforded methyl phaeate 
(5 mg) in needles m.p. 155-158”; parent ion measured 294.145, CiaH,,O, requires 294.147; TLC R, value, 
023 in EtOAc/benzene (3 : 7) (methyl abchate had R, value O-40 under tbe anme condition). 

ORD deem&ah of absctsic acid 61 the crude acid extract of P. multlflorus. A portion of the crude acid 
extract (26 mg) of immature seed of P. mdtijlorus was chromatographai on a thin layer of pre-eluted 
(EtOAc) silica gel (20 x 20 cm) eluting with n-propanol/n-butanol/ammonia/watcr (6:2 : 1:2 v/v).~@ 
An authentic sample of (RS)-abacisic acid had R, value, @85 on a similarly &ted analytical platc Bands 
of R, values, 030 to 090 (0.4 mg), 070 to @80 (2.5 mg). and 060 to @70 (35 mg) wen extracted with McOH 
and examined by ORD for abscisic acid. In none of these fractions could any abscisic acid be d&c&d. 

Acknmvle&emenr-For gifts of eynthetic (RSbabscisic acid we are indebted to Dr. J. W. Comfort& F.RS. 
and Dr. D. Ye0 of Shell Ltd. Mass qcctra was determined mainly by Dr. R. Binks, but we arc grateful to 
B. E.. Webster, I.C.I. Ltd. for some of the initial spectra Some of the NMR epectroscopy wan car&d out by 
Mr. D. Greatbanks, I.C.I. Ltd. The ORD determinations on phaecic acid were carried out by Dr. J. W. 
Cornforth, F.R.S. and G. Ryback, and the ORD determination of abeciaii acid in P. multylorus extracts 
was by Dr. J. R. Hanson. 
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