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to  have special applicability to  the study of alkaloid 
structure. 
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Figure 2.-The circular dichroism of immonium perchlorates 
derived from 6,6’-dihydroxythiobinupharidine (3)  (-); 6,6‘-di- 
hydroxythionuphlutine B ( 4 )  (- - -) ; 6-hydroxythiobinupharidine 
(5) (---, in neutral EtOH), (- X -, in EtOH with added per- 
chloric acid). 

positive> CD bands ([O]it6 13,000, c 3.5 mg/.i ml and 
[O]Z?;G 7800, c 1.3 mg/l ml, rcspcctivcly), whereas the 
porchlorat(\ of bish(bmiamina1 4 givrs a negative CD 
band ([@],2d’, -3200, c 1 mg/2 ml). Thoreforr, since 
t h  rchtivo configurations of carbons 1, 4, and 10 in tho 
Cao alkaloids and in (-)-dcoxynupharidino were demon- 
strated to be the samo but the configuration at C-7 to  be 

th(1 absolute configurations of chiral centers 
in th r  AB quinolixidinc system of thc C30 alkaloids arc 
now known and are rcyrcsentcd in the structures given. 
Rrasonably t he configurations of corrcsponding centers 
in AB and A’I3’ quinolizidina ring sy tcms would be the 
same judging from thcl near symmetrical (C,) incorpora- 
tion of two d(1oxynupharidinc moieties into the c 3 0  

skelcton. Hoiwver, this latter proposal is being 
chvckcd oxpcrimcntally by studies now in progress. 

Thc appearance of positive CD bands at 275 nm for 
the prrchloratc of 4 and at, 20.5 nm for the perchlorate 
of 3 results from an A’B’ immonium ion. The CD 
bands in the 230-240-nm region evident in the CD of 
pcwhloratrs of 4 and 5 possibly arc due to the presence 
of a-ethoxyamines which are in equilibrium with im- 
monium ions. Thew CD bands become more intense 
in diluto solution but disappear altogcther, with simul- 
t anrous (>nhancrmrnt of the immonium ion bands, when 
scwral drops of prrchloric acid arr added. This is 
dunoristratrd in the cas(‘ of 5 by thc CD curve in Figurc 

Thew rcwlts dcmonstratr that the CD of immonium 
ions holds considrrable promise as a simple method for 
gaining stcrwrhcmical information. Since many im- 
monium ions ar(b naturally occurring in the form of 
licmiaminals and arc rcadily availablc by oxidation of 
tertiary aminw, the> CD of immonium ions would appear 
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Reversible Deuteration of 
2,6-Dimethoxy-1,4-benzoquinone in Alkali 

Summayy: Base catalyzes rapid replacement by deu- 
terium of the ring protons in 2,6-dimethoxy-1,4-benzo- 
quinone in D20, establishing that nucleophilic addition 
of a hydroxyl ion to form an o-quina1 structure is the 
primary step in alkaline decomposition of the quinone, 

Sir: On treatment with alkali, quinones undergo rapid 
decomposition and polymerization to yield dark pig- 
ments of humus-like character.’ Quinone percursors of 
humins arise in nature as fungal metabolites2 or as 
products of biodegradation of plant lignins by fungal 
phenol  oxidase^.^ One of tho quinones frequently en- 
countered as a product of fungal or enzymatic degrada- 
tion of lignin3 or lignin model  compound^^-^ is 2,6- 
dimethoxy-1,4-benzoquinone (1). This compound and 
its conversion products are therefore considered to be 
likely components of soil humus. 

The rate of decomposition of unsubstituted p-benzo- 
quinone in 0.1 N sodium hydroxide is so fast that special 
flow methods had to be applied in efforts to  study the 
kinetics and course of the primary reactiona6 However, 
the dimethoxy-p-benzoquinone (1) is relatively stable in 
alkali, where it undergoes unusual base-catalyzed ex- 
change reactions which indicate that a nucleophilic 
addition of a hydroxyl ion onto tho quinonc must be the 
initial step in its alkaline decomposition. 

The quinone 1 was prepared by nitric acid oxidation 
of 2,6-dimethoxyphenolb and purified by vacuum sub- 
limation (mp 2%”). Addition of alkali to  a yellow 
aqueous solution of 1 [X,,,, 259, 396 nm ( e  14,500,660)] 
produced a colorless solution with only a sing’e maxi- 
mum a t  249 nm ( e  15,300). On immediate reacidifica- 
tion, the original spectrum was regenerated and un- 
changed 1 could be recovered almost quantitatively 
from the solution by extraction with chloroform [A,,, 
(in CHCL) 256, 376 nm (e 18,000, 600)]. 

A sample of 1 [pnir in CDC13, 6 3.82 (s, 2,6-OC&), 
5.85 (s, 3,5-H)] was dissolved in alkaline DpO and the 
solution acidified 1 min later with HC1 in D2O. The 
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solution was extracted with chloroform, the extract 
dried, and the solvent removed. The pmr of the residue 
in CDCb showed only a singlet a t  6 3.82, indicating that 
the recovered product was 3,5-dideuterio-2,6-dimethoxy- 
1,4-benzoquinone (4). 

In  The formation of 4 can be explained as follows. 
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alkalinc solution, a hydroxyl ion adds on to 1 to yield an 
anion hitherto formulated as 2;4b1c'6 however, this is 
evidently tautomer:c with the anion 3, a form through 
which exchange of the ring protons can occur readily in 
DzO via deuteration and deprotonation. Reacidifica- 
tion in DzO therefore yields 4. The original quinone 1 
was re-formed from 4 by dissolution in NaOH-HZ0 and 
acidification with HC1-HzO. This rapid reversible 
deuteration therefore indicates the immediate formation 
in base of adducts of the type 2 tf 3, which has been 
postulated as the first step in the alkaline decomposition 
of  quinone^.*^,^*^ 

Even for a substituted quinone, 1 is atypical in its 
relative stability in base. I t s  decomposition in alkali, 
as measured by the decay of the peak a t  289 nm after 
reacidification, follows first-order kinetics with a half- 
life of 30 min at  pH 10.5 and 20". Other substituted 
quinones (1,2- and 1,4-naphthoquinone, 2-methyl-1,4- 
naphthoquinone, 2-methoxy-, 2,5-dimethyl-, 2,6-di- 
methyl-, 2,5-dichloro-, and 2,6-dichloro-1,4-benzoqui- 
none, and 3,~-dimethoxy-1,2-benzoquinone) all decom- 
posed within 1 min a t  pH 10.5. Regeneration of orig- 
inal quinones by acidification could not be established 
by uv or pmr spectroscopy. It was, therefore, impos- 
sible to establish deuterium exchange in alkaline solu- 
tion. 

On treatment of 1 with NaOH or CDaONa in CDC1- 
CDIOD, both the methoxyl and proton resonances were 
immediately discharged from the pmr spectrum. 3,Z-Di- 
deuterio-2 , 6-bis (trideu t eriomet hoxy ) - 1,4 - benzoquinone 
(7) recovered from the solution after acidification was 
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reconverted to 1 with NaOH in CHsOH followed by 
acidification. 

The exchange of the methoxyl probably involves an 
intermediate quina1 (quinol ether) adduct (6 t) 7) 
analogous to the o-hemiquinal structure (2 t) 3). 
Rapid exchange of the methoxyl groups in 1 in alkaline 
solution by other alkoxy1 groups has also been demon- 
strated by pmr and esra40 
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Benzyl 6-Oxopenicillanate and Derivatives. I1 

Summary: The amide side chain of a penicillin has 
been removed and the carbon analog8 of penicillin V 
and phenylpenicillin have been synthesized stereo- 
specifically; the penicillin V analog has antibiotic activ- 
ity and penicillinase resistance. 

Sir: We have reported' the preparation of 6P-phenoxy- 
acetoxypenicillanic acid-a 6-oxygen analog of penicillin 
V, from benzyl 6-oxopenicillanate (1). This versatile 
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intermediate can also be transformed to 6P-phenoxy- 
acetylmethylpenicillanic acid (8b)-a 6-carbon analog of 
penicillin V. Surprisingly, this relatively major change 
in structure resulted in a compound still containing 
appreciable antibiotic activity. In  addition, 8b was 
resistant to Bacillus cereus penicillinase.2 

As a model side-chain precursor, the readily available 
benzoylmethylenetriphenylphosphorane (2a) was al- 
lowed to react with benzyl 6-oxopenicillanate (1) in re- 
fluxing benzene to give, after column chromatography, 
a yellow oily product (64%) , benzyl benzoylmethylene- 
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In  the previous communication,' crude BP-phenoxyacetoxypenioillanic acid 
was reported to be inactive. The potassium salt of this acid has since been 
retested and showed some antibacterial activity. Presumably the crude 
acid sample had decomposed before bioassay. 


