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The p-nitrophenyl esters of thymidine-3’ and thymidine-5’ phosphates react rapidly with potassium t-butoxide 
in dimethyl sulfoxide a t  20’ to yield thymidine-3’,5’ cyclic phosphate and p-nitrophenol, the 3’ ester reacting 
most rapidly. The p-nitrophenyl esters of deoxyadenosine-5’, deoxycytidine-5‘, and deoxyguanosine-5‘ phos- 
phates also react to give the corresponding deoxyribonucleoside-3’,5‘ cyclic phosphates. Corresponding p-nitro- 
phenyl esters of ribonucleoside-5‘ phosphates react even more readily than p-nitrophenyl thymidine-3’ phosphate 
to yield the ribonucleoside-3’,5’ cyclic phosphates. Nucleoside-5‘ phosphorofluoridates, nucleoside-5’ 2,4-di- 
nitrophenyl phosphates and P1-nucleoside-5’ P2-diphenyl pyrophosphates also give nucleoside-3’,5’ cyclic phos- 
phates on reaction with potassium t-butoxide in dimethyl sulfoxide. 

Interest in the synthesis of phospho diesters receives 
its major stimulus from their occurrence in deoxyribo- 
and ribonucleic a ~ i d s . ~  While a variety of techniques 
is available for the synthesis of simple phospho diesters5*6 
only one basic approach has been extensively applied 
to the synthesis of polynucleotides with the natural 
(3’+5’)-internucleotide linkage. In  this method the 
phosphoryl group in a nucleoside monophosphate is 
activated by reaction with a carbodiimide or an anhy- 
dride of a strong acid to produce a phosphorylating 
agent believed to be derived from the nucleoside m e t e  
pho~pha te .~ ,~  This type of phosphorylating agent, 
which is generally used in anhydrous pyridine or di- 
methylf0rrnamide,8*~ reacts with nucleotide sugar 
hydroxyl groups and also with the heterocyclic bases 
and phosphate groups.lOJ1 Therefore methods have 
been developed to protect the heterocyclic bases with 
acyl groups and to break down the pyrophosphates 
produced during polynucleotide synthesis.12-14 The 
aim of the present study was to develop a phosphoryla- 
tion procedure where the sugar hydroxyl group was the 
dominant nucleophile. In  this way it was hoped that 
the need for protection of nucleotide heterocyclic 
bases and that problems associated with polyphosphate 
formation could be eliminated.16 The most obvious 
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approach is to carry out reactions in media where the 
sugar hydroxyl groups are ionized. The simplest 
application in the nucleotide field is the synthesis of 
nucleoside-3’,5’ cyclic phosphates (1 + 2) with which 
this communication is concerned.l6J7 
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Considerations of the chemistry of nucleotides indi- 
cate that aqueous alkali would not be an appropriate 
medium for this type of reaction, because of the danger 
of hydrolysis of the phosphate derivatives and the re- 
sultant cyclic phosphates and of deamination or other 
breakdown of the heterocyclic a~18-22 The in- 
troduction of alkali metal alkoxides dissolved in sol- 
vents such as dimethyl sulfoxide and dimethylform- 
amide aa reagents in organic c h e m i ~ t r y ~ ~ ? ~ ~  provided a 
convenient system for the present work since both di- 
methyl sulfoxide and dimethylformamide are, powerful 
solvents for n~cleotides.~*~6 Other studies suggested 

(16) A brief report on part of this work has appeared: M. Smith, aid., 
86, 3586 (1964). 

(17) Preliminary experiments, in which thymidylyl-(5’-+3’)-thymidine 
and thymidylyl-(5‘~3’)-deoxycytidine were obtained in low yield, indicate 
that the reaction can be extended to internucleotide diester synthesis: M. 
Smith, unpublished results. 
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and H. G .  Khorana, J. Am. Chem. SOC., 76,3522 (1954); 0. R. Barker, M. D. 
Montague, R. J. Mom, and M. A. Parsons, J .  Chem. SOC., 3788 (1957)l are 
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Figure 1.-Rates of reaction of deoxyribonucleoside p-nitro- 
phenyl phosphates (10 pmoles) with 1 M potassium t-butoxide in 
t-butyl alcohol (0.1 ml) in dimethyl sulfoxide (1.9 ml) a t  20': 
curve 1, thymidine-3' p-nitrophenyl phosphate; curve 2,  deoxy- 
cytidine-5' p-nitrophenyl phosphate; curve 3, thymidine-5' p- 
nitrophenyl phosphate; curve 4, deoxyguanosine-5' p-nitrophenyl 
phosphate; curve 5, deoxyadenosine-5' p-nitrophenyl phosphate. 

that p-nitrophenoxide would be an appropriate leaving 
group (X) in 1.13~19727~28 

Reaction of Thymidine-3' and Thymidine-5' p- 
Nitrophenyl Phosphates with Potassium &Butoxide.- 
The ammonium salt of thymidine-3' p-nitrophenyl 
phosphate (3)'9'3 was readily soluble in anhydrous di- 
methyl sulfoxide. On treatment with potassium t- 
butoxide in t-butyl alcohol a t  20" there was a rapid re- 
lease of p-nitrophenoxide (Figure 1). A preparative scale 
reaction in which the products were isolated after chroma- 
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tography gave thymidine-3',5' cyclic phosphate in over 
90% yield.2s The nucleotide was characterized by its 

(27) J. G. Mo5att and H. G. Khorana, J. A m .  Chem. Soc., 79, 1194 
(1957). 

(28) In our experience p-nitrophenyl esters of nucleotides are stable a t  Z O O  

in pyridine or dimethylformamide.1 However, in a study of the reactions of 
nucleotides with tri-p-nitrophenyl phosphite in the presence of p-nitrophenol 
in similar media, such esters have been proposed as active phosphorylating 
agents: K. L. Agarwal and M. M. Dhar, Indian J. Chem., 4, 493 (1962). 
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Figure 2.-Rates of reaction of ribonucleoside-5' p-nitrophenyl 
phosphates (10 pmoles) with 1 M potassium t-butoxide in t-butyl 
alcohol (0.1 ml) in dimethyl sulfoxide (1.9 ml) a t  20": curve 1, 
adenosine-5' p-nitrophenyl phosphate; curve 2, cytidine-5' p- 
nitrophenyl phosphate; curve 3, undine-5' p-nitrophenyl phos- 
phate; curve 4, guanosine-5' p-nitrophenyl phosphate; curve 5, 
thymidine-3' p-nitrophenyl phosphate. 

ready hydrolysis to thymine in M hydrochloric acid at  
50°, as well as by its chromatographic and electropho- 
retic identity with authentic thymidine-3',5' cyclic phos- 
~ h a t e . ~ O , ~ l  Thus an initial aim of this investigation 
had been accomplished, i .e.,  the synthesis of a nucleo- 
side-3',5' cyclic phosphate by intramolecular phospho- 
rylation in strong base under anhydrous conditions. 
However, for the reaction to have widest utility, espe- 
cially for the synthesis of the biologically important 
ribonucleoside-3',5' cyclic p h o ~ p h a t e s , ~ ~ J ~  it should 
also be applicable to nucleoside-5' p-nitrophenyl phos- 
p h a t e s . ' ~ ~ ~  When the sodium salt of thymidine-5' 
p-nitrophenyl in dimethyl sulfoxide was 
treated with excess potassium t-butoxide in t-butyl 
alcohol at  20" the release of p-nitrophenoxide was slower 
than in the reaction of the thymidine-3' derivative 
(Figure 1). However, the product was again thymi- 
dine-3',5' cyclic phosphate, together with a small 
amount of thymidine-5' phosphate. 

(29) Apart from p-nitrophenol, the only other product was a thymidine 
phosphate, presumably produced by direct hydrolysis of the p-nitrophenyl 
ester. The extent of this hydrolysis was reduced by using freshly prepared 
potassium t-butoxide in t-butyl alcohol. 

(30) G. M. Tener, H. G. Khorana, R. Markham, and E. H. Pol, J .  A m .  
Chem. Soc., 79, 430 (1957). 

(31) G. I. Drummond, M. W. Gilgan, E. J. Reiner, and M. Smith, ibid., 
86, 1626 (1964). 

(32) E. W. Sutherland and T. W. Rall, Pharmocol. Rev., 14, 265 (1960); 
D. F. Ashman, R. Lipton, M. M. Melicow, and T. D. Price, Biochem. 
Biophys. Res. Commun., 11, 330 (1963). 

(33) Available data, both on the reaction of p-nitrophenyl esters with 
aqueous alkali,Ia and on the reaction of nucleotides with dicyclohexyl carbo- 
diimides [M. Smith and H. G. Khorana. unpublished results; see D. H. 
Rammler, Y. Lapidot, and H. G. Khorana, J .  Am.  Chem. Soc., 85, 1989 
(1963), footnote 21; D. Sol1 and H. G. Khorana, ibid., 87, 350 (1965)1, indi- 
cate that  3' derivatives are more easily converted to nucleoside-3',5' cyclic 
phosphates. 

(34) J. G. Moffstt. reported in W. E. Razzell and H. G. Khorana, J. 
B i d .  Chem., 984, 2105 (1959). 
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Reaction of Deoxyadenosine-5', Deoxycytidine-J', 
and Deoxyguanosine-5' p-Nitrophenyl Phosphates with 
Potassium t-Butoxide.-The reactions of the thymidine 
nualeotides described above established the practic- 
ability of intramolecular phosphorylation in strong base 
and also that there were no competing reactions in- 
volving either the ionized pyrimidine ring6335 or the 
phosphate group. The extension of the reaction to the 
p-nitrophenyl esters of deoxyadenosine-5', deoxycyti- 
dine-5', and deoxyguanosine-5' phosphates was next 
in~estigated.~e All of the esters as their ammonium 
salts were readily soluble in dimethyl sulfoxide and 
reacted with potassium t-butoxide in t-butyl alcohol 
at about the same rate as did the thymidine-5' ester 
(Figure 1). However, there was some precipitation of 
the p-nitrophenyl esters of deoxyadenosine-5' and de- 
oxyguanosine-5' phosphate under conditions which 
were satisfactory for thymidine nucleotides. This 
problem was eliminated by use of more dilute conditions 
in dimethyl sulfoxide. The conversion of each of 
the p-nitrophenyl esters to the deoxyribonucleoside- 
3',5' cyclic phosphate again was the major reaction, 
the only side product being a small amount of nucleo- 
side phosphate presumably resulting from direct 
hydrolysis of the p-nitrophenyl esters. 29 

Reaction of Adenosine-5 ', Cytidine-5 ', Guanosine-5 ', 
and Uridine-5' p-Nitrophenyl Phosphates with Potas- 
sium &Butoxide in t-Butyl alcohol.-The success of 
the base-catalyzed transesterification as a general 
synthetic route to deoxyribonucleoside-3',5' cyclic 
phosphates encouraged the extension of the reaction to 
the synthesis of ribonucleoside-3',5' cyclic phosphates 
both because of the differing chemistry and also because 
of the biochemical importance of this class of com- 
pounds.38 All of the ribonucleoside-5' p-nitrophenyl 
 phosphate^^^'^^^^ reacted more readily with potassium 
l-butoxide in t-butyl alcohol than did thymidine-3' p-  
nitrophenyl phosphate (Figure 2) .4'J A preparative- 
scale reaction of adenosine-5' p-nitrophenyl phosphate' 
produced adenosine3',5' cyclic phosphate in excellent 
yield (90%) the only other nucleotide product being 
adenosine-5' phosphate. dl Adenosine-3',5' cyclic phos- 
phate was characterized by its electrophoretic, chroma- 
tographic, and spectral properties, by its stability to 
acid, and by the ease of its hydrolysis by brain adeno- 
sine-3',5' cyclic phosphate diesterase. 20842 There was 
no evidence for the presence of the 2',5' cyclic phos- 
phate, because barium hydroxide hydrolysis yield only 
adenosine-5' and adenosine-3' phosphates. 20,43944 The 

(35) R. Letters and A. M. Michelson. J .  Chem. Soc., 1410 (1961). 
(36) The corresponding deoxyribonucleoside-3' esters87 were not investi- 

gated. By analogy with thymidine-3' p-nitrophenyl phosphate, a rapid 
reaction would he anticipated.** 

(37) W. Fiers and H. G. Khorana, J .  Bid. Chem., 498, 2780 (1963). An 
alternate route to deoxyrihonucleoside-3' p-nitrophenyl phosphates is pro- 
vided by the use of p-nitrophenyl phosphate and dicyclohexyloarbodiimide 
in dimethyl formamide as phosphorylating agent.1 

(38) E. W. Sutherland, I. Dye, and R. W. Butcher, Recent Progr. Hownone 
Res., 41, 623 (1965); J. G. Hardman and E. W. Sutherland, J .  Bid. Chem., 

(39) J. G. Moffatt and H. G. Khorana, J .  Am. Chem. Soc., 19,  3741 
(1957). 

(40) This parallels the case of hydrolysis of nucleoside acyl esters.' Pre- 
sumably intramolecular hydrogen bonding increases the ease of ionization of 
the 3'-hydroxyl group. 

(41) The adenosine-5' phosphate was shown, chromatographically, to  be 
free of adenosine-3' phosphate. This excludes the possibility of the nucleo- 
side phosphate being produced from the nuoleoside3',5' cyclic phosphate.30 

(42) G. I .  Drummond and S. Perrott-Yee, J. B i d .  Chem., 496, 1126 
(1961). 

440, 3704 (1965). 
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Figure 3.-Effect of solvent (1.9 ml) on rate of reaction of 
thymidine-5' p-nitrophenyl phosphate (10 pmoles) with 1 M 
potassium t-butoxide in t-butyl alcohol (0.1 ml): curve 1, di- 
methylformamide; curve 2, dimethyl sulfoxide; curve 3, forma- 
mide. 

optical rotation of the cyclic phosphate was virtually 
identical with that of authentic adenosine-3',5' cyclic 
phosphate45 as was its pmr s p e ~ t r u m . ~ , ~ ~  

The synthesis of cytidine-3',5', guanosine-3',5', 
and uridine-3',5' cyclic phosphates from the appro- 
priate nucleoside-5' p-nitrophenyl phosphates was 
achieved with equivalent ease.@ Thus, the new pro- 
cedure provides a general and efficient route to both 
deoxyribonucleoside-3',5' and ribonucleoside-3',5' cyclic 
phosphates. 

Effect of Solvent and Base on Transesteriflcation of 
Nucleoside-5' p-Nitrophenyl Phosphates.-While di- 
methyl sulfoxide has been a favored solvent for potas- 
sium t-butoxide catalyzed reactions, aa it  was of interest 
to determine the utility of acetonitrile, formamide, and 
dirnethylf~rmamide~~ as solvents for the transesteri- 
fication reaction. The sodium salt of thymidine-5' 
p-nitrophenyl phosphate waa insoluble in acetonitrile 
but was soluble in formamide and dimethylformamide. 
However, addition of potassium t-butoxide in t-butyl 
alcohol to the formamide solution did not result in the 
release of pnitrophenoxide (Figure 3) ,m I n  dimethyl- 

(43) E. W. Sutherland and T. W. Rall, {bid., 194, 1077 (1958); D. Lipkin, 
W. H. Cook, and R. Markham, J. Am. Chem. Soc., 81, 6198 (1959). 

(44) The ribonucleoside-2' hydroxyl group is thought to be more acidic 
than the 3'-hydroxyl group.* Therefore, if the ease of cyclic phosphate for- 
mation is related to the acidity of the hydroxyl group, then the course of this 
reaction must be determined by the Stereochemistry. 

(45) D. Lipkin, R. Markham, and W. H. Cook, J .  Am. Chem. Soc., 81, 
6075 (1959). 

(46) C. D. Jardetsky, ibid., 84, 62 (1962). 
(47) Both these observations indicate that there was no appreciable 

anomerization a t  the glyconidic linkage. 
(48) Guanosine-5' p-nitrophenyl phosphate was least soluble in dimethyl 

sulfoxide containing potaaaium l-butoxide. 
(49) Them solvents have previously been useful in nucleotide chemia- 

try.'6,2e 
(50) Presumably this is a more acidic solution because of the amide pro- 

tons in formamide. It is interesting to note that this system is completely 
adequate for the more facile transasterification of ribonucleate to ribo- 
nucleoaide-Z',l' ayclic phoaphatea.~* 
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Figure 4.-Rates of reaction of derivatives of nucleoside-5’ 
phosphates (10 pmoles) and 1 M potassium t-butoxide in t-butyl 
alcohol (0.1 ml) with dimethyl sulfoxide (1.9 ml) as solvent: 
curve 1, adenosine-5‘ p-nitrophenyl phosphate; curve 2, thymi- 
dine-5’ 2,4-~linitrophenyl phosphate; curve 3, thymidine-5’ p- 
nitrophenyl. phosphate; curve 4, adenosine-5’ phosphorofluori- 
date. 

formamide, reaction with potassium t-butoxide was 
more rapid than in dimethyl sulfoxide. However, at  
the concentrations employed, there was some precipi- 
tation of the p-nitrophenyl ester and reaction was in- 
complete.51 Thus dimethyl sulfoxide is the preferred 
solvent, with dimethylformamide being next most use- 
ful. 

The need for an ionizing base as catalyst for the 
transesterification of nucleoside-5’ p-nitrophenyl phos- 
phates was next investigated. When the adenosine- 
5’ ester was treated with triethylamine in dimethyl 
sulfoxide at  loo”, there was no reaction after 2 hr. 
This contrasts with the rapid conversion of ribonucleate 
to ribonucleoside-2’,3‘ cyclic phosphates when treated 
with anhydrous ammonia in f ~ r m a m i d e , ~ ~ . ~ ~  and also 
with the studies of Aganval and Dhar.28 

Leaving Groups Other than p-Nitrophenoxide.- 
The scope of the transesterification reaction with regard 
to the leaving ester group was next investigated. The 
2,bdinitrophenyl group is known to hydrolyze readily5* 
and therefore a nucleoside-5‘ 2,4-dinitrophenyl phos- 
phate1,54t55 should be readily converted to the nucleo- 
side-3‘,5’ cyclic phosphate on reaction with potassium 
t-butoxide in anhydrous solvent. Thymidine-5’ 2,4- 
dinitrophenyl phosphate reacted more readily than did 
the corresponding p-nitrophenyl ester (Figure 4) and 
the major product was the nucleoside-3’,5‘ cyclic 

(51) When the reaction was followed chromatographically rather than 
spectrophotometrically, the precipitated ester made the reaction appear to  
be slower than i t  was.18 

(52) K. Tanaka, J .  Biochem. (Tpkyo), 47, 398 (1960). 
(53) This again emphasises the relative ease with which five-membered 

(54) J. G. Moffatt and H. G. Khorana, J .  Am.  Chem. Soc., 8S, 649 (1961). 
(55) A. M. hlichelson, Biochem. Biophys. Acta, 91, 1 (1964). 

cyclic phosphates are produced by transeterification.6 

phosphate.66 Turning (to alkyl esters of nucleotides, 
the stability of thymidylyl-(5’+3’)-thymidine57 to 
potassium t-butoxide in dimethyl sulfoxide was next 
investigated. There was no detectable decomposition 
under conditions used in the synthesis of nucleoside- 
3’,5’ cyclic phosphates, nor under more extreme 
conditions. This, of course, encourages the hope that 
intermolecular phosphorylation in anhydrous alkali 
will be applicable to polynucleotide ~ynthesis.’~ 

Thus far, studies have been concentrated on intra- 
molecular transesterification as the route to nucleo- 
side-3’,5‘ cyclic phosphates. However, other leaving 
groups, principally phosphate, have been effective in 
base-catalyzed cyclic phosphate formati~n.~g~* Par- 
ticularly relevant in the present study are the forma- 
tion of six-membered cyclic phosphates; pantothenic- 
2’,4’ cyclic phosphate from coenzyme A,69 adenosine- 
3’,5’ cyclic phosphate from adenosine-5‘ triphosphate 
on reaction with barium h y d r o ~ i d e , ~ ~ , ~ ~  and adenosine- 
3’,5’ cyclic phosphate from P1,P2-diadenosine-5’ pyro- 
phosphate in hot pyridine. 2o 

When thymidine-5‘ pyrophosphate or P1,P2-dithymi- 
dined’ pyrophosphate was treated with potassium t- 
butoxide in dimethyl sulfoxide at 20°, no reaction was 
detected. However, P1-diphenyl-P2-nucleoside-5’ py- 
rophosphateKs was rapidly converted to the nucleoside- 
3’,5’ cyclic phosphate. Similarly, adenosine-5’ phos- 
phorofluoridate,61 which is partially converted to the 
nucleoside-3’,5’ cyclic phosphate in aqueous alkali, 
was quantitatively converted to  the cyclic phosphate in 
potassium t-butoxide in dimethyl sulfoxide. Thus 
the scope of the reaction is not restricted to transesteri- 
fication. The ease with which the differing leaving 
groups are displaced decreases in the order diphenyl 
phosphate, 2,4dinitrophenoxide, p-nitrophenoxide, and 
fluoride.62 The successful application of phosphoryla- 
tion in strong anhydrous base to a general synthesis 
of nucleoside-3’,5’ cyclic phosphates encourages the 
hope that this type of reaction will find wider utility 
in nucleotide chemistry. 

Experimental Section 
General Methods.-Molar potassium t-butoxide was pre- 

pared by dissolving the appropriate amount of potassium in 
t-butyl alcohol which had been recently distilled from calcium 
hydride. Reagent grade dimethyl sulfoxide, dimethylform- 
amide, formamide, and acetonitrile were dried over Linde 4-A 
molecular sieves. Chromatography was carried out by de- 
scending technique in solvent l ,  isopropyl alcohol-concentrated 
ammonia-water (7:  1 : 2) ; solvent 2, n-butyl alcohol-acetic acid- 
water (5:2:3);  solvent 3, isobutyrate acid-concentrated am- 
monia-water(66: 1 : 33); solvent 4, saturated ammonium sulfate- 
1 M sodium acetate-isopropyl alcohol (80: 18:2); and solvent 5, 
0.5 M ammonium acetate-ethyl alcohol (2:  5) .  Nucleotides 
were detected under ultraviolet light. Chromatographic mo- 

(56) The instability of nucleoside-5’ 2,bdinitrophenyl phosphates14461 

(57) H. Schaller and H. G. Khorana, J .  Am.  Chem. SOC., 86, 3828 (1963). 
(58) H. G. Khorana, G. M. Tener, R. S. Wright, and J. G. Moffatt, ibid., 

(59) J. Baddiley and E. M. Thain, J .  Chem. Soc., 3783 (1952). 
(60) Some conversion of adenosine-5‘ triphosphate to adenosine-3’,5’ 

cyclic phosphate has been detected in less basic aqueous solution: J. B. 
Posner, K. E. Hammermeister, G. E. Bratvold, and E. G. Krebs, Biochemis- 

makes them less convenient precursors than the p-nitrophenyl esters. 

79, 430 (1957). 

t ry ,  a,  io40 (1964). 
(61) R. Witmann, Chem. Ber., S6, 771 (1963). 
(62) With the techniques available, i t  was not possible to differentiate the 

rates of displacement of diphenyl phosphate and 2,4-dinitrophenoxide. 
However, the work of Michelsonss indicates that the diphenyl phosphate 
should be most easily displaced. 



OCTOBER 1966 NUCLEOSIDE 3’,5’ CYCLIC PHOSPHATES IN STRONG BASE 3251 

bilities are recorded in Table I. Electrophoresis waa carried out 
on Whatman 3MM paper using a field strength of 20 v/cm in 
0.05 M acetic acid, pH 3.0, and in 0.05 M triethylammonium 
carbonate, pH 9.0. Hydrolyses of nucleoside-3‘,5‘ cyclic phos- 
phates in 1 M hydrochloric acid were carried out aa previously 
described as were enzymic hydrolyses using adenosine-3’,5’ 
cyclic phosphate diesterase from brain.V1>4* Ultraviolet ab- 
sorption spectra were recorded on Beckman DK or DB spec- 
trophotometers and compared with those’obtained from authentic 
samples of nucleotides a t  pH 7.0 and 12.0 for thymine and 

TABLE I 
Ri VALUES OF NUCLEOTIDES 

Sol- Sol- Sol- Sol- Sol- 

Compound 

Adenosine-5‘ phosphate 
Adenosine-2’ phosphate 
Adenosine3 ’ phosphate 
Adenosine-3’,5’ cyclic phos- 

Adenosine-5’ p-nitrophenyl 

Adenosine-5’ 2,4-dinitro- 

Adenosine-5’ phosphoro- 

P1,Pz-Diadenosine-5’ pyro- 

Adenine 
Cytidine-5’ phosphate 
Cytidine-3‘,5‘ cyclic phos- 

Cytidine-5’ p-nitrophenyl 

Guanosine-5‘ phosphate 
Guanosine-3’,5’ cyclic phos- 

Guanosine5 ’ p-nitrophenyl 

Uridine-5’ phosphate 
Uridine-3’,5’ cyclic phosphate 
Uridine-5’ pnitrophenyl 

Deoxyadenosine-5’ phosphate 
Deoxyadenosine-3’,5’ cyclic 

Deoxyadenosine-5’ p-nitro- 

Deoxycytidine-5’ phosphate 
Deoxycytidine-3’,5’ cyclic 

Deoxycytidine-5’ pnitro- 

Deoxyguanosine-5 ‘ phosphate 
Deoxyguanosine-3’,5’ cyclic 

Deoxyguanosine-5 ’ p-nitro- 

Thymidine-5’ phosphate 
Thymidine-3’ phosphate 
Thymidine-3’,5‘ cyclic phos- 

Thymidine-5’ p-nitrophenyl 

phate 

phosphate 

phenyl phosphate 

fluoridate 

phosphate 

phate 

phosphate 

phate 

phosphate 

phosphate 

phosphate 

phenyl phosphate 

phosphate 

phenyl phosphate 

phosphate 

phenyl phosphate 

phate 

vent 
1 

0.08 
0.15 
0.15 

0.39 

0.53 

0.55 

0.26 

0.08 
0.49 
0.07 

0.34 

0.53 
0.04 

0.22 

0.39 
0.06 
0.29 

0.48 
0.08 

0.41 

0.63 
0.10 

0.44 

0.58 
0.05 

0.25 

0.47 
0.12 
0.12 

0.48 

vent 
2 

0.15 

0.31 

0.49 

0.55 

0.44 

0.05 

0.25 

0.25 

0.31 

0.20 

0.27 

vent vent 
3 4  

0.30 0.32 
0.27 
0.18 

0.50 

0.15 

0.25 

0.36 

0.11 

0.22 

0.15 
0.25 

0.36 

0.46 

phosphate 0.70 0.51 0.64 
Thymidine3 ’ pnitrophenyl 

phosphate 0.72 0.56 0.69 
Thymidine-5’ 2,4-dinitro- 

phenyl phosphate 0.61 
Thymidine-5’ pyrophosphate 0.02 
P1,Pa-Dithymidine-5’ pyro- 

phosphate 0.24 
Thymine 0.69 

vent 
5 

0.20 

0.51 

0.13 

uracil nucleotides, a t  pH 2.0 and 7.0 for adenine and cytosine 
nucleotides, and a t  pH 2.0, 7.0, and 12.0 for guanine nucleo- 
tides. 

Thymidine-3‘,5‘ Cyclic Phosphate from Thymidine-3‘ p-Ni- 
trophenyl Phosphate.-The ammonium salt of the p-nitrophenyl 
ester (20 ,moles)’ in dimethyl sulfoxide (2.0 ml) was treated 
with 1 M potaasium t-butoxide in t-butyl alcohol (1.0 ml) a t  
20°. The solution became bright yellow immediately on ad- 
dition of the base. After 5 min the reaction was neutralized 
with Dowex 50 W cation exchanger (pyridinium salt, 2.0 ml 
of wet resin), The resin was removed by filtration and washed 
thoroughly with water. The combined filtrate and washings 
were examined chromatographically in solvent 1, where only 
thymidine-3‘,5‘ cyclic phosphate and p-nitrophenol were de- 
tected, after which the reaction products were passed onto a 
column of diethylaminoethylcellulose (20 X 1.5 cm diameter). 
Products were eluted using a linear s d t  gradient with water (500 
ml) in the mixing chamber and 0.1 M triethyl ammonium bi- 
carbonate (500 ml) in the reservoir. Fractions were collected 
a t  5-min intervals and the elution of products waa followed spec- 
trophotometrically. Thymidine-3’,5’ cyclic phosphate (18.5 
pmoles, estimated spectrophotometrically) was eluted in frac- 
tions 20 to 25, p-nitrophenol in fractions 28 to 34, and what is 
presumably thymidine-3‘ phosphate (1.5 pmoles) in fractions 
40 to 46 (R t  0.18 in solvent 1). No thymidine-3’ p-nitrophenyl 
phosphate was detectable.’ The thymidine-3’,5’ cyclic phos- 
phate waa then chromatographed in solvent 1 and also in sol- 
vents 2 and 3. It was examined electrophoretically a t  pH 3.0 
and 9.0. It waa homogeneous under all conditions. The 
nucleotide waa rapidly converted to thymine on treatment with 
1 M hydrochloric acid a t  50°.a1 

Thymidine-3’,5’ Cyclic Phosphate from Thymidine-5’ p-Ni- 
trophenyl Phosphate.-The sodium salt of thymidine-5‘ p-ni- 
trophenyl phosphate (20 pmoles) in dimethyl sulfoxide (2.0 
ml) waa treated with 1 M potassium t-butoxide in t-butyl alco- 
hol (1 .O ml) a t  20”. On addition of the base the solution turned 
yellow. After 30 min the reaction was neutralized with Dowex 
50 W cation exchanger (pyridinium form) and the products 
were separated on diethylaminoethyl cellulose as in the reaction 
of thymidine-3’ p-nitrophenyl phosphate. Fractions 31 to 
41 contained thymidine-3’,5’ cyclic phosphate (17 pmoles) 
and thymidine-5’ p-nitrophenyl phosphate (1.5 pmoles) which 
were separated by preparative chromatography in solvent 1 and 
estimated spectrophotometrically. Fractions 42 and 50 con- 
tained p-nitrophenol. Later fractions contained a trace of 
thymidine-5’ phosphate, together with some unidentified ul- 
traviolet absorbing substances. Ion-exchange chromatography 
later showed that these were contaminants of the commercially 
obtained starting material. The thymidine-3’,5’ cyclic phos- 
phate waa homogeneous in solvents 1 ,2 ,  and 3 on electrophoresis 
a t  pH 3.0 and 9.0 and was hydrolyzed to thymine in 1 M hydro- 
chloric acid a t  50” a t  the same rate aa authentic thymidine-3’,5’ 
cyclic phosphate.” 

Reaction went to completion when the p-nitrophenyl ester 
(20 m o l e s )  in dimethyl sulfoxide (1.8 ml) was allowed to react 
with 1 M potassium t-butoxide in t-butyl alcohol (0.1 ml) a t  
20” for 1 hr. 

Deoryadenosine-3‘,5‘ Cyclic Phosphate.-The ammonium 
salt of deoxyadenosine-5‘ p-nitrophenyl phosphate (15 pmoles) 
in dimethyl sulfoxide (2.0 ml) was treated with 1 M potassium 
t-butoxide in t-butyl alcohol (1.0 ml) a t  20”. The solution 
became bright yellow on addition of base and some precipitate 
appeared. After 30 min the reaction waa neutralized and the 
products were isolated on diethylaminoethylcellulose as in the 
preparation of thymidine-3’,5’ cyclic phosphate. Fractions 
27 to 31 contained deoxyadenosine-3’,5’ cyclic phosphate (10 
pmoles) and deoxyadenosine-5‘ p-nitrophenyl phosphate (5 
pmoles) which were separated chromatographically in solvent 1 
and estimated spectrophotometrically. Fractions 32 to 36 
contained p-nitrophenol and fractions 55 to 60 contained a trace 
of material, presumably deoxyadenosine-5’ phosphate. The 
deoxyadenosine-3’,5’ cyclic phosphate was characterized by 
chromatography in solvent 1, by electrophoresis a t  pH 3.0 
and 9.0, by its spectral properties, by its stability in 1 M hydro- 
chloric acid a t  50°,*1 and by its rate of hydrolysis by adenosine- 
3’,5’ cyclic phosphate diesterase from brain.*W 

(63) Dr. G. I. Drummond kindly provided a preparation from rabbit 
brain. The enzyme hydrolyzed adenosine-3’,5‘ cyclic phosphate at the rate 
of 10 smoles/mg protein/hr. 
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In  another experiment, where the p-nitrophenyl ester (10 
pmoles) in dimethyl sulfoxide (1.8 ml) and 1 M potassium t-bu- 
toxide in t-butyl alcohol (0.2 ml) were allowed to react a t  20’, 
there was no detectable precipitate on addition of the base and 
the reaction to form deoxyadenosine-3’,5’ cyclic phosphate was 
complete, as judged by chromatography in solvent 1. 

Deoxycytidined‘,J’ Cyclic Phosphate .-The triethylammo- 
nium salt of deoxycytidine-5’ p-nitrophenyl phosphate (20 pmoles) 
in dimethyl sulfoxide (2.0 ml) waa treated with 1 M potassium 
t-butoxide in t-butyl alcohol (1.0 ml) at 20’ as in the reaction of 
thymidine-5’ p-nitrophenyl phosphate. After neutralization 
and chromatography on diethylaminoethylcellulose, deoxy- 
cytidine-3’,5‘ cyclic phosphate (13 pmoles) was eluted in frac- 
tions 10 to 15, and p-nitrophenol in fractions 30 to 35. The 
nucleotide was characterized by its spectral properties and its 
homogeneity on chromatography in solvent 1 and on electro- 
phoresis a t  pH 3.0. These properties indicated that there was 
no contamination with deoxyuridine-3’,5’ cyclic phosphate which 
could have been a product if hydrolytic deamination had oc- 
curred.20 

Deoxyguanosine-J’,S’ Cyclic Phosphate.-The ammonium 
salt of deoxyguanosine-5’ p-nitrophenyl phosphate (50 pmoles) 
in dimethyl sulfoxide (9.0 ml) was treated with 1 M potassium 
t-butoxide in t-butyl alcohol (1.0 ml) at 20”. The solution 
became yellow immediately on addition of base, but no pre- 
cipitate wm produced. After 1 hr the reaction was neutralized 
with cation exchanger (Amberlite IR-120, ammonium form). 
The resin was washed well with water and the combined aqueous 
solutions were extracted thoroughly (five times) with diethyl 
ether to remove dinitrophenol. The products were then passed 
onto a diethylaminoethylcellulose column ( 2 5  X 2.5 cm di- 
ameter) and eluted using a linear gradient system with water 
(1.5 1.) in the mixing chamber and 0.1 M triethylammonium 
bicarbonate (1.5 1.) in the reservoir. Fractions (20 ml) were 
collected every 10 mins. Deoxyguanosine-3’,5’ cyclic phosphate 
(37 pmoles) was eluted in fractions 42 to 47 and, presumably, 
deoxyguanosine-5‘ phosphate (8 pmoles) in fractions 88 to 96. 
The nucleotides were characterized by their spectral proper- 
ties and by chromatography in solvent 1 .  The triethylam- 
monium salt of the residual deoxyguanosine-3’,5’ cyclic phos- 
phate was converted to its ammonium salt by passage through 
Dowex 50 W, 2% cross-linked resin in the ammonium form, and 
isolated as a white powder after freeze drying. This procedure 
is the most convenient way of isolating nucleoside-3’,5’ cyclic 
phosphates in solid form. 

Adenosined’,S’ Cyclic Phosphate.-Adenosine-5’ p-nitro- 
phenyl phosphate (200 pmoles), as the sodium salt, in dimethyl 
sulfoxide (18 ml) was treated with 1 M potassium t-butoxide in 
t-butyl alcohol (2  ml) a t  20’. After 5 min the reaction was 
neutralized with a cation exchanger (excess Amberlite IR-120, 
ammonium form). The resin was washed thoroughly with dilute, 
aqueous ammonia. After removal of excess ammonia under 
reduced pressure, the products were passed onto a diethylamino- 
ethylcellulose column and eluted as in the preparation of deoxy- 
guanosine-3‘,5’ cyclic phosphate. Adenosine-3‘,5‘ cyclic phos- 
phate (181 pmoles) was eluted in fractions 36 to 44 followed by 
p-nitrophenola4 in fractions 45 to 58 and by adenosine-5’ phos- 
 hate^^ ( 5  pmoles) in fractions 66 to 68. The adenosine-3‘,5’ 
cyclic phosphate was estimated spectrophotometrically and 
the triethylammonium salt was obtained as a gum after removal 
of triethylammonium bicarbonate by evaporation. The nu- 
cleotide was dissolved in water and the optical rotation was de- 
termined, [ L y ] D  - 43.0’. (The rotation of an equivalent amount 
of authentic triethylammonium adenosine-3’,5’ cyclic phosphate 
was also determined, [ a ] ~  -48.0°.) The total preparation of 
adenosine-3’,5’ cyclic phosphate was transferred to deuterium 
oxide and the pmr spectrum was determined. It was identical 
with the spectrum of an authentic sample of the triethylam- 
monium salt of adenosine-3’,5‘ cyclic p h o ~ p h a t e . ~ ~ P  The 
nucleotide was also degraded to adenosine-5’ phosphate (char- 
acterized in solvents 1 and 4) by brain adenosine-3‘,5’ cyclic 
phosphate diesterase at  the same rate as authentic adenosine- 

(64) Extraction of the p-nitrophenol with ether prior to ion-exchange 
chromatography, as in the synthesis of deoxyguanosine-3’,5’ cyclic phos- 
phate, is a more generally useful method for purification. 

(65) In the case of the iibonucleotides it  was possible to show by chroma- 
tography that this fraction was free of nucleoside-3’ phosphate. Conse- 
quently it  must have arisen from the nucleoside-5‘ p-nitrophenyl phosphate 
rather than the nucleosidc~-3’,5’ cyclic phosphate.20 

-- 

(66) We are indebted to Dr. L. D. Hall for this determination. 

3’,5’ cyclic p h o ~ p h a t e ~ ~ ~ ~ ~ ~ ~ ~  and was also degraded with barium 
hydroxide to a mixture of adenosine-3‘ phosphate and aden- 
osine-5’ phosphate (characterized in solvent 4) .*O The nucleotide 
was homogeneous on chromatography in solvents 1, 2, and 3 
and on electrophoresis a t  pH 7.0 and 9.0. It had the same sta- 
bility to 1 M hydrochloric acid at 100” as did authentic aden- 
osine-3’,5’ cyclic phosphate and also crystallized readily from 
ethanolic hydrochloric acid.20 

Guanosine-3 ‘,S’ Cyclic Phosphate .-The ammonium salt of 
guanosine-5’ p-nitrophenyl phosphate (40 pmoles)*’ in dimethyl 
sulfoxide (4.5 ml) was treated with 1 M potassium t-butoxide in 
t-butyl alcohol (0.5 ml) at 20”. The mixture became yellow on 
addition of the base and a precipitate appeared after a few 
seconds.68 After 30 min the products were isolated by ion- 
exchange chromatography as in the synthesis of deoxyguanosine- 
3’,5’ cyclic phosphate. Guanosine-5’ p-nitrophenyl phosphate 
(10 pmoles) was eluted in fractions 54 to 61 and guanosine-3’,5’ 
cyclic phosphate (28 pmoles) in fractions 63 to 75. The cyclic 
phosphate was converted to the ammonium salt and isolated 
as a white powder after freeze drying (11 mg). It was ho- 
mcgeneous on chromatography in solvents 1, 2, and 3 and on 
electrophoresis at pH 3.0 and 9.0. The adenosine-3’,5’ cyclic 
phosphate diesterasea3 completely hydrolyzed the cyclic phos- 
phate to guanosine-5’ phosphate.20, 4 2  

Cytidine-3‘5’ Cyclic Phosphate.-Cytidine-5’ p-nitrophenyl 
phosphate (20 pmoles, sodium salt) in dimethyl sulfoxide (1.8 
ml) was allowed to react with 1 M potassium t-butoxide (0.2 
ml) a t  20“. After 5 min the reaction was neutralized with 
cation exchanger as in the preparation of adenosine-3’,5’ cyclic 
phosphate and passed onto a column (15 X 1.5 cm diameter) of 
diethylaminoethylcellulose in the carbonate form. The products 
were eluted using a linear gradient system with water (500 ml) 
in the mixing chamber and 0.1 M triethylammonium bicarbonate 
(500 ml) in the reservoir. Fractions (10 ml) were collected at 
5-min intervals. Cytidine-3’,5’ cyclic phosphate (18 pmoles) 
was eluted in fractions 23 to 26, p-nitrophenol in fractions 39 
to 44, and cytidine-5‘ phosphate (1  pmole) in fractions 51 to 55. 
Cytidine-3’,5‘ cyclic phosphate was characterized by its spectral 
properties, by its homogeneity on chromatography in solvents 
1, 2, and 3, and on electrophoresis at pH 3.0 and 9.0. Uridine- 
3’,5’ cyclic phosphate was not detectable. 

Uridine-3‘,5’ Cyclic Phosphate.-The sodium salt of uridine-5’ 
p-nitrophenyl phosphate (20 pmoles) in dimethyl sulfoxide 
(1.8 ml) was treated with 1 M potassium t-butoxide (0.2 ml) 
as in the preparation of cytidine-3’,5’ cyclic phosphate. After 
work-up and ion-exchange chromatography as in that prepara- 
tion, uridine-3’,5’ cyclic phosphate was obtained together with 
uridine-5’ p-nitrophenyl phosphate and p-nitrophenol in frac- 
tions 19 to 28 followed by a trace of uridine-5’ phosphate in 
fractions 45 to 47. After removal of triethylammonium bi- 
carbonate under reduced pressure, the combined fractions 19 
to 28 were chromatographed in solvent 1 and the uridine-3’,5’ 
cyclic phosphate was isolated after elution with water. The 
preparation was homogeneous and identical with authentic 
uridine-3’,5’ cyclic phosphate in solvents 1, 2, and 3 and on 
electrophoresis a t  pH 3.0 and 9.0. 

Rates of Reaction of Nucleoside p-Nitrophenyl Phosphates 
with Potassium &Butoxide in Dimethyl Sulfoxide .-The p-nitro- 
phenyl esters of thymidine-a’, thymidine-5’, deoxyadenosine-5‘, 
deoxycytidined’, deoxyguanosine-5’, adenosine-5‘, cytidine-5’, 
guanosined‘, and uridine-5’ phosphates (approximately 10 
pmoles) in dimethyl sulfoxide (1.9 ml) were treated with 1 M 
potassium 2-butoxide in &butyl alcohol (0.1 ml) a t  20’. At 
intervals, aliquots (100 pl) were removed and diluted into water 
( 5  ml) . The p-nitrophenoxide was estimated spectrophoto- 
metrically a t  400 mp. Results are recorded in Figures 1 and 2. 

Reaction of Thymidine-5 ’ p-Nitrophenyl Phosphate with 
Potassium &Butoxide in Various Solvents.-The nucleotide 
as its sodium salt (10 pmoles) in the appropriate solvent (1.9 ml) 
was treated with 1 M potassium t-butoxide in t-butyl alcohol 
(0.1 ml) at 20”. At intervals, aliquots (100 p1) were removed 
and diluted into water (5 ml) ; p-nitrophenoxide was estimated at 
400 mp. The nucleotide did not appear to dissolve to any ex- 
tent in acetonitrite and there was no release of p-nitrophenoxide 

(67) Although triethylammonium, sodium, or ammonium salts have been 
used in this work, the latter appear to be the most generally convenient form 
in which to store nucleotide p-nitrophenyl esters.’ 

(68) Presumably this is the potassium salt of the p-nitrophenyl ester and 
the precipitation could he avoided by using the conditions described for the 
synthesis of deoxyguanosine-3’,5’ cyclic phosphate. 
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90 min after addition of the base. The nucleotide ww com- 
pletely soluble in formamide, but there was no release of p-ni- 
trophenoxide 90 min after addition of the base. Chromatogra- 
phy in solvent 1 confirmed that no reaction had taken place. 
The nucleotide was completely soluble in dimethylformamide and 
on addition of base the solution immediately turned yellow. 
A slight precipitate was produced a t  the same time. When 
the release of p-nitrophenoxide was complete, the product ww 
examined chromatographically in solvent 1. The major product 
was thymidine-3’,5’ cyclic phosphate; however, some p-nitro- 
phenyl ester was present. Presumably this was precipitated on 
addition of the base. Rates of reactions are depicted in Figure 3. 

Attempted Reaction of Adenosine-5’ p-Nitrophenyl Phosphate 
with Triethylamine in Dimethyl Sulfoxide.-The nucleotide 
as its sodium salt (5 pmoles) in dimethyl sulphoxide (1.0 ml) 
containing triethylamine (1.0 mmole) was heated a t  100” for 
15 win. There was no release of p-nitrophenoxide. 

Treatment of Thymidine-5’ 2,4-Dinitrophenyl Phosphate, 
P1,P2-Dithymidine-5’ Pyrophosphate, Thymidine-5’ Pyrophos- 
phate, and Thymidylyl-(Sr+3’)-thymidine with Potassium 
t-Butoxide in Dimethyl Sulfoxide.-The nucleotide (approxi- 
mately 10 pmoles) in dimethyl sulfoxide (1.9 ml) was treated 
with 1 M potassium t-butoxide in t-butyl alcohol (0.1 ml) a t  
20 ’. With thymidine-5’ 2,4-dinitrophenyl phosphate1 the 
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release of 2,4dinitrophenoxide was followed spectrophotometri- 
cally at 400 mp and wm complete in 1 min (Figure 4). Chroma- 
tography in solvent 1 showed that the product was thymidine- 
3’,5’ cyclic phosphate together with a lesser amount of thy- 
midine-5‘ phosphate. 

After 30 min, chromatography in solvent showed that Pl,Pz- 
dithymidine-5’ pyrophosphate, thymidine-5 ’ pyrophosphate, and 
thymidylyl-( 5’+3’)-thymidine were completely unaffected. 

Treatment of Adenosine-5’ 2,4-Dinitrophenyl Phosphate, 
P1-Diphenyl-Pz-Adenosine-5’ Pyrophosphate, and Adenosine-5’ 
Phosphorofluoridate with Potassium t-Butoxide in Dimethyl 
Sulfoxide.-The nucleotides (approximately 10 pmoles) in 
dimethyl sulfoxide (1.9 ml) were treated with 1 M potassium 
t-butoxide in t-butyl alcohol (0.1 ml) a t  20’. Aliquots were 
removed a t  intervals, neutralized with Dowex 50 W (ammo- 
nium form), and examined chromatographically in solvents 1 
and 2 except with P1-diphenyl-P2-adenosine-5’ pyrophosphateM 
where solvent 5 was used. Reaction was complete in less than 
5 min for the first two nucleotides (first aliquot) the products 
being adenosine-3’,5’ cyclic phosphate together with traces of 
adenosine-5’ phosphate and, except in the reaction of the phos- 
phorofluoridate, Pl,P2-diadenosine-5’ pyrophosphate. With 
adenosine-5’ phosphorofluoridate61 conversion to adenosine- 
3’,5’ cyclic phosphate was complete in 1 hr (Figure 4). 

Studies on Geometric Isomerism by Nuclear Magnetic Resonance. 111. 
Stereochemistry of a-Cyanocinnamic Esters’ 
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The nmr technique has revealed that the Cope-Knoevenagel reaction of aromatic ketones with cyanoacetic 
esters gives a stereoisomeric mixture of a-cyanocinnamic esters. Configurational assignments have been made 
by the analysis of the chemical sh i f k  of the carboaluxy group; the signal for the trans isomer appears a t  lower 
field than that for the cis isomer. It has been found that, as the size of a p substituent becomes larger, the 
amount of the cis isomer increases. Further, on the basis of some assumption the angle of twist of the benzene 
ring from coplanarity has been calculated. 

In  the preceding paper1 it has been established that 
the Cope-Knoevenagel reaction of unsymmetrical 
aliphatic ketones with cyanoacetic esters leads to the 
preferential formation of the isomers in which the 
bulkier alkyl group and the carboalkoxy group are on 
opposite sides of the carbon-carbon double bond. On 
the other hand, previous investigators*,* have shown 
that the condensation of aromatic aldehydes with 
cyanoacetic esters gives only a-cyano-trans-cinnamic 
esters. These facts agree with what would be expected 
on steric grounds, because the bulkiest groups are at  a 
distance. In  the course of study, however, it was 
found that the condensation of some aromatic ketones 
with cyanoacetic esters leads to the predominant 
formation of the cis i~orners.~ This appeared not to 
agree with the steric considerations. Therefore, it is 
of interest to determine which of two stereoisomers 
would be preferentially produced. 

Since, however, no stereoisomer of a known con- 
figuration was available, assignments should be made 
according to the same method as had been used in the 
previous papers.’n6 However, in the present paper we 
(1) Part  11: T. Hayashi, M. Igarashi, 8. Hayashi, and H. Midorikawa, 

Presented partly a t  the 17th Bull. Chem. SOC. Japan,  38, 2063 (1965). 
Annual Meeting of the Chemical Society of Japan, Tokyo, April 1964. 
(2) W. Baker and C. S. Howes, J .  Chem. Soc., 119 (1953). 
(3) J. Zabicky, ibid., 683 (1961). 
(4) In  the present paper the isomer, in which the phenyl and carboalkoxy 

groups are on opposite sides of the carbon-carbon double bond, is referred 
to as the trans isomer. 

(5) T. Hayashi, I. Hori, H. Baba, and H. Midorikawa, J. Ore. Chem., 80, 
695 (1965). 

wish to show that it is much better to assign configura- 
tions by the analysis of the chemical shifts of the 
carboalkoxy protons. Further, we have discussed the 
conformations of these esters on the basis of the nu- 
clear magnetic resonance and ultraviolet spectroscopic 
studies. 

Results and Discussion 

Proton resonance data for the esters studied in the 
present work are given in Tables I and 11, together with 
the stereoisomeric composition. Representative nmr 
spectra of the esters are shown in Figures 1 and 2. 

As seen from the tables, the chemical shifts for the 
alkyl and aryl groups on the p posibion are practically 
unchanged on going from the carbomethoxy group to 
the carboethoxy group. This fact was often useful 
not only in differentiating the signals of the ester 
alkyl protons from those of other alkyl groups, but 
also in assigning the signals superimposed upon by 
those of either the carbomethoxy group or the carbo- 
ethoxy group. 

Assignments.-In the preceding papers’s5 the author 
has determined the geometric configurations of the com- 
pounds of the R1R2C=C(CN) COOR, type on the basis 
of some assumption, which states that the chemical 
shift for the /3-methyl group occurs a t  a higher field 
in the trans than in the cis configuration with respect 
to the carboalkoxy group, whereas the reverse is true 
for the y-methyl. However, it is doubtful whether 


