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0C with slow heating from 250C, 105 0C with heating from 
95 0C) and air stability of 3 clearly distinguish it from the 
material purported to have the same structure as 3 isolated by 
Nesmeyanov et al. (mp 69-71 0C, rapidly oxidized).5 While 
the multistep synthesis required for the preparation of 3 (seven 
steps from Re2(CO) 10, 7% overall yield) has so far limited our 
study of its chemistry, we note here the rather surprising ob­
servation that 3 is stable toward N(C2Hs)S in CeD6. 

The results reported here suggest that mechanisms similar 
to that shown in Scheme III should be considered as possible 
routes for metal-catalyzed CO reduction. While the metal-
formyl complex formed in step 1 is probably thermodynami-
cally unstable relative to metal hydride,10 reactions proceeding 
through the formyl intermediate might still occur at reasonable 
rates. The formyl disproportionation (step 2) and metallo ester 
hydrolysis (step 3) have been demonstrated here. The hydro-
genation of metal alkyls (step 4) and the decarboxylation of 
metal-carboxy complexes (step 5) are well known. (Obviously, 
chain extension by CO insertion could precede hydrogen 
cleavage of the hydroxymethyl metal complex.) Finally, it 
should be noted that the suggested scheme also includes a 
variant on the water gas shift reaction.18 Half of the CO is 
oxidized to CO2 via disproportionation of the formyl species, 
while water supplies half of the hydrogen for reducing the other 
mole of CO. 

Note Added in Proof. The reduction of C5H5Re(NO)-
(CO)2

+PF6- with Na+H2Al(CH2CHj)2- in THF provides 
a more direct synthesis of C5H5Re(NO)(CO)CH2OH, 3, in 
45% isolated yield. Graham has similarly observed that re­
duction of C5H5Re(NO)(CO)2

+BF4- with 2 equiv OfNaBH4 
in THF-H2O gives 3: W. A. G. Graham and J. R. Sweet, J. 
Organomet. Chem., in press. 
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A New Strategy for Gibberellin Synthesis 

Sir: 

Although many elegant and ingenious methods have been 
developed for the preparation of the individual structural 
features of gibberellic acid (1), the total synthesis of the 
complete molecule has not yet been realized.1-2 This is pre­
sumably due to the lack of a sufficiently efficient and reliable 
overall strategy. In this paper we describe the preparation of 
the gibbane derivative 9 by a very efficient sequence, which is 
sufficiently flexible to be used in the elaboration of 1 itself. The 
synthesis (Scheme I), which begins with the readily prepared 
naphthoic acid 2,3 is notable for the complete utilization of all 
the latent functionality contained in the anisole synthon,6 for 
the generation of the remaining carbon skeleton from one 
functional center (C-8), and for its stereoselectivity. 

The diazo ketone 37 was the pivotal intermediate in the se­
quence leading to 9 and was cyclized in trifluoroacetic acid8 

to the dienone 4, which then underwent an intramolecular 
Michael reaction to give the tetracyclic diketone 5.9 From 1H 
NMR spectra it was apparent that one ester methoxyl (5 3.54) 
lay in the shielding zone of the 7-carbonyl group,9a but that the 
15-exo proton (5 3.24, d, J = 20 Hz) was deshielded by it.10 

These data were consistent only with the diastereomer 5, and 
although this stereochemistry differed from the natural gib-
berellins, it was expected to ensure the development of the 
correct relative chirality at C-4, C-5, C-9, and C-IO.1 U 2 

Lactonization of the diketo acid, mp 178-180 0C, derived 
(/J-PrSLi, HMPA)13 from 5 was not productive, but the cor­
responding 7a,16a-dibenzoate, mp 199-200 0C, was con­
verted quantitatively to lactone 6; the stereochemistry assigned 
to 6 is expected to be favored both kinetically, and thermody-
namically. 11In preparation for the final stage of the synthesis, 
6 was reduced14 to the C-18 alcohol (p-nitrobenzoate, mp 
219-220 0C), protected as the methoxymethyl ether,15 mp 
193-194 0C, the C-7 hydroxyl function selectively liberated, 
and then oxidized to the ketone 7, mp 169-170 0C. Func-
tionalization of the hindered C-6 position is clearly mandatory 
for any ring contraction procedure, but all traditional proce­
dures (e.g., acylation, nitrosation, thallation16) were completely 
unsuccessful. The diazo ketone 8 was finally obtained (66% 
yield) by a novel phase-transfer method,17 and induced to 
undergo the photochemical Wolff rearrangement, affording 
acid 9, mp 214-215 0C (45% yield, not optimized), as well as 
a minor amount (10%) of the 6a epimer. Comparison of the 
13C NMR spectrum of 9 methyl ester with that of the gib­
berellin derived 1018 and analogous compounds (with allow­
ance for substituent effects) substantiated the assignment of 
structure 9.19 In 1H NMR spectra H-6 gave rise to a doublet 
(Js,6 = 7 Hz) at 8 2.62 for both 9 and 10; the 6-epimer of 9 
methyl ester showed a doublet (75 6 = 11 Hz) at 5 2.40.22 

0002-7863/79/1501-3373501.00/0 © 1979 American Chemical Society 



3374 Journal of the American Chemical Society / 101:12 / June 6, 1979 

Scheme I 

0-9 

60% 

I-"i 

8 8 % 

CO2H 

CM3OCH2O' CHJOCHJO' 

V - O B I 

CH1OCH2O' 

9 10 

Reagents: " POCl3, DMF, 70 0C, 70 h. * PhCH2Br, K2CO3, DMF, 
18 h. c CH2=CHMgBr, 0 0C, 1 h; 24 0C, 1 h. d SOCl2, CH2Cl2, 1 
h. ^NaCH(CO2Me)2, DMF, 18 h. /H 2 , PdC (10%), EtOAc. 
* (COCl)2; CH2N2, Et2O, -25 0C, 2 h; 24 0C, 12 h. * TFA-CH2Cl2 
(3:1), -25 0C, 2 min. ' NaOMe, MeOH, 4 h. i NaBH4, EtOH, 0 0C, 
1 h. k PhCOCl, pyridine, 18 h. ' «-PrSLi, HMPA, 48 h. '" H2SO4-
CHCI3 (1:3), 0 0C, 10 min. " CICO2Et, NEt3,0 0C, 1.5 h. ° NaBH4, 
EtOH, 0 "C, 4 h. " ClCH2OMe, (/-Pr)2NEt, 12 h. « K2CO3, MeOH, 
H2O, 48 h. 'CrO3-H2SO4-H2O, Me2CO. * 2,4,6-Triisopropyl-
benzenesulfonyl azide, 40% KOH, Bu4N

+Br", 18-crown-6, PhH, 0.5 
h. ' 450-W Hanovia medium-pressure Hg lamp, pyrex, THF-H2O, 
NaHCO3, 5 0C, 0.5 h. 

Scheme II 

CO2CH3 

The attainment of the correct gibberellin stereochemistry 
requires a shift of C-12 from C-13 to C-16.23 Such a shift 
would be assisted by the 13-hydroxyl group,24 which will be 
required in a synthesis of 1; current efforts are therefore di­
rected toward incorporating this function.8 In order to obtain 
a suitably oxygenated Airing, the obvious intramolecular 
Michael reaction of 11 to give 12 was examined (Scheme II). 
Although the desired relative chirality of C-4 and C-5 was 

achieved,25-26 stereochemical control of C-5 relative to C-8 
remains elusive. Nevertheless, analogues to 4 and 11 which also 
possess the pro-13-hydroxyl function are in hand, and we hope 
to report the total synthesis of gibberellic acid 1 in due 
course 27 
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Isolation and X-ray Study of a Host-Guest Complex 
of an Amino Acid Ester Salt and a Simple Acyclic 
Ligand Derived from Triphenylphosphine Oxide 

Sir: 

The design of organic compounds which mimic biologically 
important phenomena such as molecular complexation is a 
fascinating challenge.1 Considerable progress has been made 
in this area following the introduction of crown ethers2 and 
cryptands3 and a number of complexes of these macrocyclic 
receptors with ionic and neutral substrates has now been re­
ported.4 Recently it has been shown that acyclic polydentate 
ligands can form stable complexes as well.5 

We describe here the synthesis of a simple acyclic ligand 
which has the ability to complex ammonium compounds. The 
complex of an amino acid ester salt and this ligand was isolated 
and its structure determined by X-ray techniques. 

The ligand 2 was prepared as follows. (o-Methoxyphenyl)-
diphenylphosphine oxide la, mp 175-176 0C, was made in 78% 
yield from addition of o-methoxyphenylmagnesium bromide 
to diphenylchlorophosphine. Subsequent oxidation of the re­
sulting (o-methoxy)diphenylphosphine, mp 126-127 0C, with 
30% hydrogen peroxide in acetone6 and demethylation with 
hydrogen iodide7 gave (o-hydroxyphenyl)diphenylphosphine 

Figure 1. ORTEP drawing of the host-guest complex of 2 with DL-phenylglycine ethyl ester trifluoromethanesulfonate. 
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oxide lb, mp 258-259 0C, in 92% yield. Reaction of 2 equiv 
of the anion of lb8 with diethylene glycol ditosylate in ethanol 
at reflux for 3 h afforded the ligand 2 in 94% yield, mp 158-160 
0C, after recrystallization from dichloromethane-
hexane.9'10 

jToOR ^ o ° _ - ° i u <^Xo 0 °oX<5> 
1 No/EtOH V=^ Jl I X^/ 

The affinity of 2 for transition metal ions11 was demon­
strated in a serendipitous manner when in one run we purified 
2 by column chromatography. The presence of traces of 
paramagnetic ions leached from silica gel with 2 in dichloro-
methane gave rise to broadening of the 1H NMR spectrum. 
In addition, 2 formed complexes with ammonium compounds. 
Cyclohexylamine, isopropylamine, fer/-butylamine, phen-
ethylamine, and DL-phenylglycine ethyl ester were extracted 
as ammonium salts from a 0.2 N aqueous perchloric acid so­
lution into chloroform with the aid of 2 at room temperature. 
After addition of a twofold excess of guest, the 1:1 complexes 
were found to be present in the organic layer as indicated by 
1H NMR. The selectivity of 2 was remarkable. Methylamine, 
ethylamine, ^-propylamine, and n-butylamine la were inactive 
in these extraction experiments. The crucial role of the dieth­
ylene glycol moiety was illustrated by preparing a ligand from 
lb and 1,5-dibromopentane (replacement of the central oxygen 
atom by a methylene function). This ligand obtained in 75% 
yield, mp 153-154 0C, was totally unable to extract ammo­
nium salts under the conditions described above. 

Using the trifluoromethanesulfonate counterion, we suc­
cessfully isolated the complex of an amino acid ester salt and 
ligand 2. When DL-phenylglycine ethyl ester trifluoro­
methanesulfonate13 (5 mmol in 3 mL of water) was extracted 
with 2(1 mmol in 1.5 mLof deuteriochloroform), the 1:1 ad-
duct was found to be present in the organic layer as indicated 
by ' H NMR. Slow addition of diethyl ether caused the com­
plex to crystallize as white needles, mp 159-160 0C. The 


