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additional 30 min and then allowed to reach room tempera
ture. The reaction mixture becomes dark brown and homo
geneous. Acid work-up produces 2,7-dimethyloctan-3,6-
dione (89%) with 3,3,6-trimethylheptan-2,5-dione (3%). 

As might have been expected, coupling of lithium eno-
lates, which were regiospecifically generated from silyl enol 
ethers and methyllithium,6 by CuCl2 in DMF at - 7 8 ° pro
duced the corresponding 1,4-diketones regiospecifically3 ac
cording to eq 4 and 5. 

(CH3) 2CHC=CH2 CH3Li (CH3)2CHC=CH2 ouci? 

OSi(CH3)3 OLi inDMF 

(CH3)2CHCOCH2CH2COCH(CH3)2 (4) 
(78%) 

CH3C=C(CH3)2 CH3Li CH3C=C(CH3)2 CuCi2 

1 *" I *" 
OSi(CH3)3 OLi InDMF 

CH3COC(CH3)2C(CH3)2COCH3 (5) 
(6%) 

Next, the present method is successfully applicable to 
some cross couplings of two different methyl ketones and of 
methyl ketone with acetate, leading to unsymmetrical 1,4-
diketones (RCOCH 2CH 2COR') and y-ketocarboesters 
(RCOCH 2CH 2CO 2R') , respectively (Table II). For in
stance, addition of CuCl2 in DMF to a 1:3 mixture of lithi
um enolates of 2-octanone and acetone at —78°, prepared 
by addition of a 1:3 mixture of 2-octanone and acetone into 
lithium diisopropylamide in THF according to the above 
procedure, produced undecan-2,5-dione in 73% yield (based 
upon the starting 2-octanone) together with 3-pentylhexan-
2,5-dione (4%), hexadecan-7,ll-dione (8%), and hexan-
2,5-dione. Besides the readily available starting materials 

3CH3COCH3 
1. 4 . 5 L i N ( j . P r > 2 

+ *• 
2. 4 . 5 C u C l 2 - D M F 

ICH3COCgHj3 

CH3COCH2CH2COC6H13 (73%) 
C H 3 C O C H 2 C H ( C 5 H 1 1 ) C O C H 3 (4%) 

C6H13COCH2CH2COC6H13 (8%) 
C H 3 C O C H 2 C H 2 C O C H 3 

and the manipulative simplicity, the high selectivity and 
good yield render this reaction most straightforward and 
useful in the preparation of undecan-2,5-dione, a precursor 
of dihydrojasmone.7 

Cross coupling of ketone enolate with ester enolate by 
CuCl2 was carried out as follows. First, a mixture of ketone 
enolate and ester enolate was prepared by the sequential ad
ditions of ketone and ester (after 15 min) to lithium diiso
propylamide in THF at —78°. Then, the mixture was treat
ed with CuCl2 in DMF at the same temperature. By this 
procedure, condensation product8 is almost completely ex
cluded, resulting in the formation of coupling products. We 
are currently exploring the full scope of the coupling reac
tion of ketone enolates by CuCl2 in aprotic polar solvents. 
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An Immunoelectrode 

Sir: 

Proteins in aqueous solutions are polyelectrolytes and 
have a net electrical charge polarity and magnitude of 
which depends on the isoelectric point of the protein and on 
the ionic composition of the solution. If the protein is an 
antibody which can complex with a corresponding antigen, 
which also can have a net electrical charge, the electrical 
charge of the resulting complex will be different from that 
of the antibody or the antigen alone.1 

If the antibody is covalently attached to the surface of a 
thin layer of a hydrophobic polymer which, in turn, is de
posited on a metallic conductor, then the surface charge of 
the polymer-solution interface will depend on the net 
charge of the immobilized antibody. When corresponding 
antigen is present in the solution and the binding site of the 
antibody has not been destroyed during immobilization, the 
immunochemical reaction will take place at the interface 
with a resulting change of the surface charge. This change 
can be measured potentiometrically against a reference 
electrode immersed in the same solution, using an electrom
eter amplifier. 

It is known2 that the reaction between immobilized anti
body and free antigen, or vice versa, is an equilibrium pro
cess. The potential difference between the reference elec
trode and an electrode with immobilized antibody or anti
gen (thereafter called immunoelectrode) should, therefore, 
depend on concentration of the free immunochemical coun
terpart. The concept applies equally to the case when anti
gen is bound to the membrane and antibody is free. 

In order to test this idea, Concanavalin A (Con A) was 
covalently attached to the surface of an approximately 5 /j. 
thick, dense polyvinyl chloride) membrane deposited on 
platinum wire. Although Concanavalin A is not a true anti
body, it complexes certain polysaccharides3 in the same way 
true antibodies do. This reaction has been used extensively 
as a model immunochemical system. Yeast mannan reacts 
with Concanavalin A, forming a strong complex3 which is 
soluble between pH 2 and 4 and insoluble between pH 5 
and 7. Various other polysaccharides such as, for example, 
agar or amyloses do not bind to Con A. 

Dependence of potential of Con A immunoelectrode on 
concentration of yeast mannan measured against silver-sil
ver chloride reference electrode is shown in Figure 1. Simi
lar dependence is obtained when polyvinyl chloride) coated 
platinum wire without Concanavalin A is used instead of a 
Con A immunoelectrode. This indicates that there is a con
siderable nonspecific adsorption of polysaccharides at the 
polymer surface. In order to separate the effect of adsorp
tion from specific immunochemical interaction, the fol
lowing experiments were carried out. First, the reference 
electrode was replaced with another Con A immunoelec-
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Figure 1. Dependence of the potential of Con A immunoelectrode on 
concentration of yeast mannan measured against Ag-AgCl (saturated 
KCl) reference electrode in 0.1 M phthalate buffer pH 3.50. The solu
tion was thermostated at 25.00 ± 0.05° and slowly stirred. The fol
lowing immobilization procedure was used: poly(vinyl chloride) mem
brane was dip-cast three times from solution containing 0.4 g of poly
vinyl chloride) and 0.9 g of dioctyl addipate in 10 ml of cyclohexa-
none. The membrane was left to dry for 24 hr and then immersed for 3 
hr in solution containing 10% n-decanol in a 1:1 mixture of toluene and 
petroleum ether (30-60° fraction). The membrane was then dried 
under vacuum at 60° for 24 hr. The last two steps introduced -OH 
groups to the surface of otherwise hydrophobic membrane. These -OH 
groups were then used to couple covalently proteins by the epichlorohy-
drin coupling procedure.4 

trode and potential difference between two identical immu-
noelectrodes was measured. There was a transient response 
to addition of yeast mannan solution, but steady state po
tential difference remained constant over 3 decades of con
centration range (Figure 2, curve a). Binding site carboxyl 
groups5 at one Con A immunoelectrode were then blocked 
with D-(+)-glucosamine coupled to them by 1-cyclohexyl-
3-(2-morpholinoethyl)carbodiimide metho-/;-toluenesulfon-
ate.6 Concanavaline A molecules on this immunoelectrode 
(labeled Con A* immunoelectrode) should not complex 
yeast mannan, but, because the rest of the molecule is un
disturbed, the amount of nonspecific adsorption should be 
the same as for nonmodified immunoelectrode. When Con 
A immunoelectrode was measured against Con A* immu
noelectrode, there was indeed a dependence of steady-state 
potential difference on concentration of yeast mannan (Fig
ure 2, curve b), the response saturating at 0.1 mg/ml. The 
measured potential changed for 30-45 minutes following an 
addition of yeast mannan after which period it reached a 
steady state value. There was no response of Con A immu-
noelectrode-Con A* immunoelectrode pair to addition of 
agar, which is a nonbinding polysaccharide. 

It was interesting to know if an electrode with any immo
bilized nonreacting protein could be used as a reference. 
Such an electrode would have to be used in cases where the 
nature of the binding site is not known, and, therefore, a se
lective blocking of the binding sites is not possible. For this 
reason, the potential of Con A immunoelectrode was mea
sured against an electrode with immobilized ovalbumin. 
The dependence of potential difference vs. the logarithm of 
concentration of yeast mannan is shown in Figure 2, curve 
c. 

Apart from experiments with Concanavaline A immu
noelectrode, other electrodes with immobilized antibodies 
or antigens were tested. When a small amount of whole rab
bit antiovalbumin serum was added to the physiological 
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Figure 2. Potential response of Con A immunoelectrode to addition of 
yeast mannan solution measured against: a, Con A immunoelectrode; 
b, Con A* immunoelectrode; c, ovalbumin immunoelectrode. Other ex
perimental conditions were the same as described in Figure 1. Poten
tials at A, B, and C correspond to zero mannan concentration for 
curves a, b, and c, respectively. 

buffer, a small (2 mV) steady-state potential difference be
tween ovalbumin immunoelectrode and electrode prepared 
by immobilization of whole rabbit serum proteins was ob
tained. Unfortunately, this effect was too small to be evalu
ated quantitatively. There was, however, no response when 
the same amounts of either whole rabbit serum or whole 
rabbit an'i'-dinitrophenolsubtilisine serum was added. 

The above experiments confirm that interactions of 
charged biomacromolecules with the surface of thin hydro
phobic polymeric membrane can produce measurable elec
trical signal. Our previous experiments showed that it is de
sirable that the membrane surface should have minimal in
teraction with water. Thus, no potential response to addi
tion of polysaccharides was detected when Concanavalin A 
was immobilized on the surface of a glass pH electrode. As 
expected, the potential of this electrode was determined 
predominantly by the pH of the solution. 

Measurement of the potential of an active immunoelec
trode against the potential of an identical immunoelectrode 
with blocked binding sites can effectively eliminate the ef
fect of nonspecific interactions. The effect of adsorption can 
be only partially eliminated when immunoelectrode with 
another nonbinding protein is used as a reference (Figure 2, 
curve c). At the same time, the presence of extensive ad
sorption indicates that the polymer surface is not complete
ly covered with Concanavaline A molecules. A more com
plete coverage should not only reduce the effect of adsorp
tion but at the same time increase the sensitivity to the level 
obtained with a regular reference electrode. Adsorption of 
serum proteins was probably also responsible for the low 
sensitivity of ovalbumin immunoelectrode toward rabbit an
tiovalbumin serum. 

Since either antibody or antigen can be immobilized at 
the electrode surface, this device, when perfected, could 
find a general immunochemical application. The improve
ment of the efficiency of the immobilization procedure is 
now being studied. 
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A New Class of Potent Guanine Antimetabolites. 
Synthesis of 3-Deazaguanine, 3-Deazaguanosine, 
and 3-Deazaguanylic Acid by a Novel Ring Closure 
of Imidazole Precursors 

Sir: 

We wish to report the synthesis of 6-aminoimidazo[4,5-
c]pyridin-4(5#)-one (3-deazaguanine, 3), its nucleoside, 
6-amino-l-/3-D-ribofuranosylimidazo[4,5-c]pyridin-4(5/f)-
one (3-deazaguanosine, 8), and the corresponding 5'-nucle-
otide, 6-amino- l-/3-D-ribofuranosylimidazo[4,5-c]pyridin-
4(5//)-one 5'-phosphate (3-deazaguanylic acid, 9) from the 
requisite 5-cyanomethylimidazole-4-carboxamide which in 
the presence of base was found to undergo a unique ring 
closure to the desired 3-deazaguanine derivatives. 

The increased interest in the importance of guanine nu
cleotide metabolism has stimulated renewed efforts to study 
these biochemical pathways in various microbiological and 
mammalian systems.1 Antimetabolites have proved to be 
powerful biochemical tools employed to probe such perti
nent enzymatic transformations. 

de Bode and Salemink2 recently reported a series of un
successful attempts to synthesize 3-deazaguanine from ring 
closure procedures of certain diaminopyridine derivatives. 
Our own approach was based on ring closure of imidazole 
intermediates, which had previously proved successful in 
the synthesis of imidazo[4,5-c]pyridin-4,6(5/f,7/f)-dione 
(3-deazaxanthine).3 Preliminary success achieved in the 
synthesis of 6-amino-4-bromoirnidazo[4,5-c]pyridine from 
4(5)-cyano-5(4)-cyanomethylimidzole4 did not result in the 
desired 3-deazaguanine (3) since the 4-bromo group proved 
to be exceptionally inert toward nucleophilic substitution.4 

In a new approach, designed to yield 3-deazaguanine (3) 
directly by ring closure, the required key imidazole interme
diate, methyl 5(4)-cyanomethylimidazole-4(5)-carboxyl-
ate5 (1, Scheme I), mp 170-171° dec, was obtained in 77% 
yield from methyl 5(4)-carbamoylmethylimidazole-4(5)-
carboxylate3 and refluxing phosphorus oxychloride. Treat
ment of 1 with liquid ammonia (8 days, 100°) provided 3-
deazaguanine (3) as light-sensitive yellow needles [75%, mp 
>350° (H2O)]: XmaxpH1 273 (e 11,320), 311 (e 6380); 
AmaxpH n 262 (« 9630), 298 (e 7780). The intermediate to 
3, 5(4)-cyanomethylimidazole-4(5)-carboxamide (2) (mp 
231-232° dec), was obtained in 77% yield by interrupting 
the reaction of 1 and ammonia after 48 hr. Compound 2 
was smoothly cyclized to 3 with aqueous sodium carbonate. 
This ring closure has now been shown in our laboratory to 
be of general application in the synthesis of various con-
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densed aminopyridone systems. The mechanism is visual
ized as occurring by base abstraction of an amide proton 
followed by attack of the generated anion on the nitrile car
bon. 

The requisite imidazole nucleoside, methyl 5-cya-
ndmethyl-l-(2,3,5-tri-0-acetyl-/3-D-ribofuranosyl)imida-
zole-4-carboxylate (4) was obtained in quantitative yield 
from the condensation of 1 equiv of methyl 5(4)-cya-
nomethyl-1 -trimethylsilylimidazole-4(5)-carboxylate (sily-
lated 1) with 1 equiv of l,2,3,5-tetra-0-acetyl-/3-D-ribofu-
ranose in the presence of 1.44 molar equiv of stannic chlo
ride. The yield and ratio of positional isomers in this ribosy-
lation procedure markedly depends on the ratio of stannic 
chloride to silylated 1 and the blocked ribofuranose since 
the same condensation carried out with 0.72 molar equiv of 
stannic chloride afforded, after silica gel chromatography, a 
29.5% yield of 4 and a 34.5% yield of the other positional 
isomer, methyl 4-cyanomethyl-l-(2,3,5-tri-0-acetyl-/3-D-
ribofuranosyl)imidazole-5-carboxylate (5) (white needles, 
mp 92-93° (EtOH)). 

Treatment of 4 with liquid ammonia (3 hr, 100°) provid
ed the versatile intermediate, 5-cyanomethyl-l-/3-D-ribo-
furanosylimidazole-4-carboxamide (6) (81%, mp 90-91° 
dec (MeOH)). When 6 was refluxed (0.5 hr) with aqueous 
sodium carbonate in ethanol, 3-deazaguanosine (8) was 
formed and crystallized from the reaction solution (85%, 
white microcrystals, mp 255-257° dec): XmaxpH ' 284 (e 
13,100), 308 sh (e 7050); Xmax

pH n 272 (e 11,900), 295 sh 
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