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teration, whereas the other (assigned to the P protons) collapsed 55-5; 17, 30689-56-6; trans-18, 30689-57-7; trans-19, 
to a singlet. 30689-58-8; 20, 30689-59-9; 22, 20841-66-1 ; 23, 

30689-61-3; 24, 24132-27-2; 25, 30689-63-5; (+)-26, 

30689-47-5; 11, 30689-48-6; 12, 30689-49-7; 13, 30758-78-2; 31, 30758-79-3; (+)-32, 30412-92-1 ; 33, 
Registry No. -7, 18703-68-9; 8, 30689-46-4; 9, 30412-89-6; 28, 30689-65-7; 29, 30689-66-8; 30, 

30689-50-0; 14, 30439-20-4; cis-15, 30689-52-2; trans- 30689-68-0; 34, 30758-80-6; 37, 30689-69-1 ; 38, 
15, 30689-53-3; cis-16, 30689-54-4; trans-16, 30689- 30689-70-4. 
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The reaction of adenosine, cytidine, and guanosine with p-nitrobenzaldehyde and ethyl orthoformate in the 
presence of trifluoroacetic acid in dimethylformamide affords the corresponding AT-(a-ethoxy-p-nitrobenzy1)- 
2‘,3’-0-ethoxymethylene derivatives la ,  3b, and 4, respectively, in excellent yields. Benxoylation of l a  in 
pyridine effected, as well, concurrent elimination of the elements of ethanol to give the 5’-0-benzoyl-N-(p- 
nitro)benzylidene derivative 2. On the other hand, uridine and p-nitrobenzaldehyde in the presence of p- 
tolueiiesulfonic acid gave 2’,3’-0-p-nitrobenzylideneuridine (5a). Possible reaction paths for these transforma- 
tions, which constitute useful piocedures for the simultaneous introduction of two different blocking groups 
into certain nucleosides, are discussed. 

Several useful procedures have been developed for 
masking the cis glycol system of a ribonucleoside by 
condensation with a suitable aldehyde or ketone under 
acid catalysis. Unfavorable equilibria that arise in cer- 
tain cases of acetal and ket’al format’ion can be overcome 
through t’he use of ketal$ or ethyl o r t h ~ f o r m a t e . ~ ! ~  
The latter has also found applicat,ion in effecting acetal 
formation with benzaldehyde and derivatives thereof 
that carry a para substituent capable of increasing elec- 
t’ron density at the carbonyl function by resonance (R+) 
effects.j By contrast, 2’,3’-0-benzylidene nucleosides 
that carry a para (R-) substituent are, to our knowl- 
edge, unknown. The present communication describes 
the results of an attempt t’o prepare 2’,3’-0-(p-nitro- 
benzylidene)adenosine, which was required in an unre- 
lated study, and which led instead to a novel and useful 
procedure for the concurrent introduction of two differ- 
ent blocking groups into certain nucleosides. 

The reaction of adenosine and excess p-nitrobenzalde- 
hyde in a mixture of dimethylformamide (DMF) and 
ethyl orthoformate containing trifluoroacet’ic acid gave 
a chromatographically homogeneous solid (90% yield) 
to which the struct’ure N6-(a-ethoxy-p-nitrobenzy1)- 
2’,3’-O-ethoxymethyleneadenosine (la) was assigned on 
the basis of chemical and spectral (ir, uv, and nmr) evi- 
dence along with both elemental and ethoxyl analyses. 
The absence of a free amino group in the structure, 
which was evident from its ir spectrum (CHCL), was 
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confirmed by the failure of l a  to react with dimethyl- 
formamide dimethyl acetale6 The hydrolysis of l a  with 
88% formic acid at room temperature for 5 min gave 
p-nitrobenzaldehyde and adenosine 2’(3’)-formate. 
The latter mas shown to be identical with the product of 
formic acid hydrolysis7 of 2’,3’-0-ethoxymethylene- 
adenosine (lb).8 

The benzoylation of l a  in pyridine at room tempera- 
ture promoted the elimination of the elements of ethanol 
from the N,O mixed acetal in addition to effecting esteri- 
fication of the primary (C’-5) alcohol residue and there- 
by provided the Schiff base 2. 

Cytidine, like adenosine, gave the corresponding 
N,O mixed acetal 3b in high yield. Surprisingly, the 
yield of the corresponding derivative of cytosine 3a is 
significantly lower (35%) under the same conditions 
with 55% of the heterocycle being recovered unchanged. 
Acid hydrolysis of 3a and 3b afforded p-nitrobenzalde- 
hyde and cytosine [or cytidine-2’(3’)-formate]. The 
latter was easily hydrolyzed in alkali to cytidine. 

The same reaction applied to guanosine gave a (tlc) 
chromatographically homogeneous solid which, on acid 
hydrolysis, yielded p-nitrobenzaldehyde and guanosine 
2’(3’)-formate as the only detectable products. Ac- 
cordingly, the structure N4-(a-ethoxy-p-nitrobenzyl)- 
2’,3’-O-ethoxymethyleneguanosine (4) was assigned to 
the product. Whereas this assignment is supported by 
spectral (ir, uv) data, all attempts to obtain an accept- 
able elemental analysis have been unsuccessful. 

The importance of ethyl orthoformate to the forma- 
tion of the mixed acetals is indicated by the fact that 
adenosine is recovered unchanged when the ortho ester 
is omitted from the reaction mixture. These observa- 
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tions parallel a report of the catalytic influence of ethyl 
orthoformate in the condensation of p-nitrobenzalde- 
hyde with active methylene compounds in acetic anhy- 
drideag The effect was ascribed to  the “basic properties 
of ethyl orthoformate,” but a detailed interpretation of 
the reaction was not provided. 

Substitution of p-nitrobenzaldehyde diethyl acetal 
(vide infra) for the aldehyde itself in a mixture that con- 
tained adenosine, ethyl orthoformate, and trifluoro- 
acetic acid gave 2‘,3’-0-ethoxymethyleneadenosine (lb) 
instead of la .  Replacement of trifluoroacetic acid by 
hydrogen chloride in the reaction of adenosine with 
p-nitrobenzaldehyde and ethyl orthoformate again 
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(9) F. Krtihnke and W. Weis, Justus Liebigs Ann. Chem., 669, 52 (1963). 

yielded la. The omission of acid from the reaction mix- 
ture leads only to the recovery of the reactants. By 
contrast, the reaction of p-bromoaniline and p-nitro- 
benzaldehyde in DMF affords the corresponding Schiff 
base in good yield after 1 hr a t  ambient temperature. 

Despite unsuccessful attempts to devise a general 
synthesis of 2‘,3’-0-(p-nitrobenzylidene)ribonucleo- 
sides, the desired reaction was effected in the case of uri- 
dine with p-nitrobenzaldehyde in 1,2-dimethoxyethane 
and in the presence of p-toluenesulfonic acid to give Sa 
in 587& yield. Substitution of dioxane for 1,2-dime- 
thoxyethane led to  a mixture of Sa and a product that 
was identified as 2’,3’-0-ethylideneuridine (5b). These 
observations indicate that dioxane (in acid) undergoes 
a prior cleavage to  acetaldehyde which is consumed in 
the acid-catalyzed formation of Sb.’O 

It would seem that any plausible reaction path to the 
N,O mixed acetals (9, Scheme I)  should include the for- 

SCHPME I 

[ O p N n C H - - O C 2 H I ] +  4- HCOOC2H, 
w 

7 

I 8 

9 

mation of the diethoxycarbonium ion 6, generated from 
reaction with ethyl orthoformate. Interaction of 6 and 
p-nitrobenzaldehyde would lead to the ethyloxonium 
cation 7 with which alkylation of the exocyclic amino 
groups of the heterocyclic bases could be effected. Al- 
ternatively, the formation of 9 may be explained by ini- 
tial attack of 6 (Scheme 11) on the exocyclic amino 

SCHEME I1 
RNH, + 6 e RN=CHOC2H5 + H+ + C2H,0H 

10 

11 
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HCOOC2HC 

11 + C2HBOH H’ 9 

R = heterocyclic residue 

(10) J. Zemlii.ka, J .  Org. Chem., 86, 2383 (1971). 
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group of the heterocycle to give an N-ethoxymethylene 
intermediate 10. The addition of aldehyde to the lat- 
ter, via a four-center mechanism, leads to the Schiff base 
11 from which the product 9 would be derived on acid 
ethanolysis. A clear choice between these two paths 
cannot be made on the basis of the present evidence. 

It should be noted that the conditions, which on the 
one hand promote the intervention of 7, deplete the 
concentration of the free amine. Thus, the increase of 
7 in hydrochloric acid relative to trifluoroacetic acid” 
may be offset by the quantity of heterocyclic base that 
is “protected” from electrophilic attack by 6 or 7 as a 
consequence of the increase in the protonated form of 
the base. It is apparently the control exercised by the 
nature of the acid that determines the product (la or 
lb) derived from adenosine. 

The isolation of 2’,3’-0-ethoxymethylene nucleosides, 
1, 2, and 3 instead of corresponding p-nitrobenzylidene 
derivatives is apparently due to the fact that p-nitro- 
benzaldehyde, unlike benzaldehyde and (R+) para-sub- 
stituted derivatives, fails to enter into acetal inter- 
change (transacetalation) with the 2’,3’-0-ethoxy- 
methylene intermediates under the imposed condi- 
tions.I2 The modifying influence of the p-nitro substit- 
uent on the additive power of the carbonyl group would 
be expected to facilitate the formation of a hydrate or a 
hemiacetal as do the electronegative substituents in, 
for example, chloral and a-fluoro ketones13 (hemiketal). 
By the same reasoning, a marked decrease should be ob- 
served in the ease of conversion of the initial carbonyl 
addition product to an acetal or ketal. This is evi- 
dently the case with fluoro ketones hemiketals for which 
it was necessary to devise a novel base-catalyzed process 
to effect ketalization. l4 By contrast, p-nitrobenzalde- 
hyde diethyl acetal is readily obtained in good yield 
from the action of ethyl orthoformate in ethanol on the 
aldehyde in the presence of anhydrous hydrogen chlo- 
ride.’5 However, this acetalation fails when trifluoro- 
acetic acid is substituted for hydrogen chloride. This 
finding, along with the fact that  both catalysts are in- 
effective in the acetalation of adenosine, cytidine, and 
guanosine, indicates the importance of considerations 
other than the influence of an electronegative substitu- 
ent in benmldehyde to the success of the reaction. 

Experimental Section 
General Procedures.-Evaporations were carried out in vacuo 

a t  bath temperatures below 40” unless stated otherwise. The 
petroleum ether used in the study was of a 30-80’ range. Melting 
points were determined on a Thomas-Hoover apparatus (capillary 
method) and are uncorrected. Analytical samples were dried 
a t  0.02 mm and room t:mperature over PzOS. Microanalyses 
were performed by Micro-Tech Laboratories Inc., Skokie, Ill. 
Thin layer chromatography (tlc) was carried out on silica gel 
G F  (E. Merck-AG); preparative tlc was accomplished on 20 X 
20 cm plates coated with a 2-mm loose layer of (70-325 mesh) 

(11) Hydrochloric acid is about ten times stronger than trifluoroacetic 
acid: T. Gramstad, Tidsskr.  Kjemz, Bergu. M e t . ,  19, 62 (1959). 

(12) The acetalation of ribonucleosides with p-dimethylaminobenzalde- 
hyde and ethyl orthoformate with trichloracetic acid as catalyst is reported4 
t o  lead to  the formation of some 2’,3’-0-ethoxymethylene ribonucleosides in 
addition to  the expected 2’,3’-0-(p-dimethylaminobenzylidene)ribonucleo- 
sides. Apparently, protonation of the dimethylamino group suppresses its 
activating (R +) influence. 

(13) R. F. Reed, “Properties and Reactions of Bonds in Organic Mole- 
cules,” Elsevier, New York, N. Y., 1968, p 354. 

(14) H. E. Simmons, Jr., and D. W. Wiley, J. Amer. Chem. Soc., 82, 2288 
(1960). 

(15) T. H. Fife and L. K. Rao, J. Org.  Chem., 80, 1942 (1965). 

silica gel (E. Merck) containing 2% fluorescent indicator16 in 
chloroform-methanol mixtures: SI (4: l), Sz (9: l), SI (9.5:0.5), 
and cyclohexane-benzene (1: 1, Sd). Paper chromatography was 
performed on Whatman No. 4 paper with which the following 
solvents were used: Sg, 2-propanol-ammonium hydroxide-water 
(7: 1: 2); 86, 1-butanol-water (saturated); S7, 1-butanol-acetic 
acid-water ( 5 :  2:3) .  Optical rotations were determined with a 
Perkin-Elmer Model 141 spectropolarimeter in the specified 
solvent. Infrared spectra were measured (KBr) with a Perkin- 
Elmer Model 21 spectrometer. Nuclear magnetic resonance 
spectra were obtained using a Varian A-60A spectrometer with 
TMS as internal reference in deuteriochloroform and with DSS 
in DMSO-d6. 

Reaction of Adenosine, p-Nitrobenzaldehyde, and Ethyl 
Orthoformate. A.  Trifluoroacetic Acid as  Catalyst (la).-A 
mixture of adenosine (1.08 g, 4 mmol), p-nitrobenzaldehyde (1.8 
g, 12 mmol), ethyl orthoformate (3.36 ml, 20 mmol), and tri- 
fluoroacetic acid (0.8 ml, 10.8 mmol) in 50 ml of dimethyl- 
formamide (DMF) was first stirred magnetically a t  room tem- 
perature until the reaction mixture was homogeneous and then 
maintained at  ambient temperature for 6 days.’? Excess (2 ml) 
triethylamine was added and the alkaline solution was evaporated 
to dryness a t  45’ and 0.1 mm. The residue was dissolved in 
methylene chloride, and the solution was washed twice with 25 
ml of saturated sodium bicarbonate and dried over magnesium 
sulfate. The filtered solution was reduced in volume t o  ca. 20 
ml and the crude product separated as a syrup upon successive 
addition of 50 ml of ether and 200 ml of petroleum ether. The 
residue, after decantation of the mixed solvents, precipitated 
from 10 ml of methylene chloride as a yellow amorphous powder 
on addition first of 50 ml of ether and 250 ml of petroleum ether. 
The solid (1.62 g, 81% yield), which showed an indefinite melting 
point, gave a single spot on a tlc plate developed with either 
solvent system Sa or chloroform. An analytical sample was 
purified by preparative tlc using solvent system SZ containing 
O.lY0 of triethylamine. The band corresponding t o  l a  was 
eluted with the same solvent system and the filtered solution was 
evaporated to dryness. The sample was precipitated from chloro- 
form on addition of ether followed by petroleum ether: uv max 
(lye CHCla in EtOH) 267 nm (e 23,300), min 237 (7600); ir 
(KBr) 3300 cm-l (OH), absence of NHg; nmr (CDCla) 6 8.12 
and 7.65 (doublet of doublets, 4, p-nitrophenyl, AA’BB’), 
6.04 (d, 1 ,  H-l’), 1.25 (6, m, two CH3). 

Anal. Calcd for C ~ Z H ~ ~ N ~ O ~ :  C, 52.58; H ,  522;  N,  16.73; 
CtH50, 17.94. Found: C, 52.78; H ,  4.96; N, 16.90; CzH60, 
17.72. 

When ethyl orthoformate was omitted from the reaction mix- 
ture, no reaction was observed (after 6 days at room tempera- 
ture). 

Adenosine also constituted the major nucleosidic component 
when p-nitrobenzaldehyde and ethyl orthoformate were replaced 
by diethyl acetal 8. 

Hydrogen Chloride as Catalyst ( lb)  .-A mixture of adenosine 
(0.13 g, 0.5 mmol), p-nitrobenxaldehyde (0.225 g, 1.5 mmol), 
ethyl orthoformate (0.21 ml, 1.1 mmol), and 4.47 M hydrogen 
chloride in dimethylformamide (0.25 ml, 1.1 mmol) in 5.0 ml of 
dimethylformamide was maintained at  room temperature for 24 
hr. The reaction mixture was made alkaline with triethylamine 
(0.28 ml, 2 mmol), the triethylamine hydrochloride was removed 
by filtration, and the filtrate evaporated t o  dryness. The residue 
was dissolved in 5 ml of chloroform and precipitated by the succes- 
sive addition of 25 ml of ether and 50 ml of petroleum ether. A 
second precipitation by the same procedure gave 0.113 g (57% 
yield) of product IC in the form of an amorphous solid which was 
identical both spectrally (ir and uv) and on the basis of tlc 
with an authentic samples of 2’,3’-0-ethoxymethyleneadenosine 
(1b). 

N6-p-Nitrobenzylidene-5’-O-benzoyl-2’ ,3’-0-ethoxymethylene- 
adenosine @).-To a stirred solution of 0.5 g (1 mmol) of l a  
in 10 ml of dry pyridine, cooled to 0” by an ice-salt bath, was 
added 0.58 ml ( 6  mmol) of benzoyl chloride. The reaction mix- 
ture was then maintained at  room temperature for 40 hr after 
which 5 ml of methanol was added and the solution was evapo- 
rated to dryness. The residue was dissolved in CHC13 and the 
solution was shaken first with 10 ml of a saturated solution of 
sodium bicarbonate and then with water. Evaporation of the 

(16) Leuohtpigment ZS Super, Ridel-De Haen AG, Hannover, Germany. 
(17) Subsequently, it was established tha t  a 24-hr reaction period is 

sufficient. 
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dried organic layer gave an amorphous residue which was pre- 
cipitated from ether (25 ml) by the addition of petroleum ether 
(150 ml). The solid (0.32 g, 57% yield) appeared to be homo- 
geneous on tlc (solvent Sa). An analytical sample was obtained 
as an amorphous powder by subjecting the crude solid first to 
preparative tic (solvent SZ) and then precipitation of the eluted 
(SZ) material from ether-petroleum ether: uv max (1% CHCla in 
EtOH) 270 nm (e 21,000), min 243 (14,300); ir (KBr) 3400 
(NH, broad band), 1735 (C=O), 1683 cm-1 (C=N). 

Anal. Calcd for C Z ~ L ~ N ~ O ~ :  C, 57.85; H,  4.32; N ,  15.00. 
Found: C, 57.85; H, 4.56; N,  14.77. 
2',3'-O-(p-Nitrobenzylideneuridine) @a).-A solution of 0.24 

g (1 mmol) of uridine, 0.3 g (2 mmol) of p-nitrobenzaldehyde, 
and 0.114 g of p-toluenesulfonic acid in 100 ml of 1,2-dimethoxy- 
ethane was heated just to reflux and 70 ml of solvent was removed 
by distillation in 2.5 hr. Additional 1,2-dimethoxyethane (50 
ml) was introduced and then 15 ml of solvent was collected in 2.25 
hr on distillation. Benzene (50 ml) was next added to the re- 
action flask and 100 ml of the solvent mixture was distilled off in 
3.5 hr. Next, a 1:  1 mixture (40 ml) of benzene-1,2-dimethoxy- 
ethane was added and 40 ml of the solvent mixture was removed 
by distillation in 2.5 hr. Fresh p-nitrobenealdehyde (0.3 g, 2 
mmol) and l,2-dimethoxyethane (50 ml) were added to the re- 
action vessel and distillation was continued for 6 hr during which 
time 50 ml of solvent was collected. On cooling, a yellow solid 
was deposited which was collected, washed with 10 ml of 1:1 
mixture of benzene-l,2-dimethoxyethane, and air-dried, wt 
0.22 g (58% yield), mp 247-2423'. Recrystallization of the 
product from nitromethanel* (20 m1/0.1 g) provided an analytical 
sample, which was dried at  100' and 0.05 mm: mp 268-270'; 
[aIz4D - 10.3', [a] 244ae -23' ( C  0.25, DMF); uv max (EtOH) 262 
nm (e 19,800), min 229 (5100); nmr (DMSO-&) 6 8.23 and 7.74 
(4, doublet of doublets AA'BB', p-nitrophenyl), 5.85 (2, d, H1,). 

Anal. Calcd for C I B H I ~ N ~ O ~ :  C, 50.93; H ,  4.01; N,  11.14. 
Found: 
N4-(~-Ethoxy-p-nitrobenzyl)cytosine (3a) .-A solution of cyto- 

sine hemihydrate (0.11 g, 0.92 mmol), p-nitrobenealdehyde (0.45 
g, 3 mmol), and ethyl orthoformate (0.42 ml, 2.5 mmol) in 10 ml 
of DMF containing trifluoroacetic acid (0.2 ml, 2.69 mmol) was 
maintained at  room temperature for 9 days. A second addition 
of both p-nitrobenealdehyde (0.225 g, 1.5 mmol) and ethyl 
orthoformate was then made and the mixture was stored a t  
room temperature for an additional 13 days. Excess triethyl- 
amine (1 ml) was added and the reaction mixture was evaporated 
to dryness. The syrupy residue was triturated successively with 
10 ml each of chloroform, ether, and petroleum ether. The resi- 
due solidified following a second trituration with chloroform (20 
ml) which was collected, washed with acetone, and dried. Their 
and nmr spectra of the latter (0.06 g) were essentially super- 
imposable with the corresponding spectra of cytosine. The 
combined filtrates were evaporated to dryness and the residue 
was partitioned between CHCla (20 ml) and saturated NaHCOa 
(10 ml). Following a second washing with NaHC03, the aqueous 
layer was extracted with CHCls and the combined, dried (MgSO1) 
extracts were evaporated to dryness. The residue was precipi- 
tated from chloroform ( 5  ml) by sequential addition of ether (26 
ml) and petroleum ether (50 ml). The amorphous product (0.075 
g, 27% yield), which gave a single spot on tlc (Si), showed an 
indefinite melting point (foaming at 125-135' with decomposi- 
tion a t  215-218'): uv max (EtOH) 276 nm (e 15,400), min 232 
(9900); nmr (CDCl3) 6 8.31, 7.61 (doublet of doublets, 4, p -  
nitrophenyl, AA'BB'), 1.25 (t, 3, CH3 of ethoxyl). 

Anal. Calcd for C I ~ H I ~ N ~ O ~ . O . S H ~ O :  C, 52.17; H,  5.05; 
N ,  18.72. Found: C, 52.33; H, 4.86; N,  18.44. 

N44a-E thoxy-p-nitrobenzyl)-2',3'-O-ethoxymethylenecytidine 
(3b).-A mixture of cytidine (0.96 g, 4 mmol), ethyl orthoformate 

C, 50.56; H, 4.15; N, 11.17. 

(18) Purification of this material may also be achieved by precipitation 
from pyridine on the addition of water, or from dimethyl sulfoxide by the 
addition of methanol. 

(3.4 ml, 20 mmol), and trifluoroacetic acid (0.8 ml, 10.8 "01) 
in 50 ml of DMF was maintained at room temperature for 10 
days. The reaction mixture was made alkaline with excess tri- 
ethylamine (3 ml) and the solution was evaporated to dryness at 
55' (0.05 mm). The rwidue w&s dissolved in chloroform (100 
ml) and the solution was washed twice with saturated NaHCG 
(40 ml) and then with water. The dried (MgSO,) chloroform 
extract was evaporated to dryness and the residue, which was 
redissolved in chloroform (15 ml), separated as an oil upon suc- 
cessive addition of ether (75 ml) and petroleum ether (200 d). 
The solvents were decanted and the residual syrup was again dis- 
solved in chloroform from which it precipitated as an amorphous 
solid on successive addition of ether and petroleum ether. The 
product was colIected and washed with ether, wt 1.33 g (67% 
yield). An analytical sample was obtained following prepara- 
tive tlc (SZ + 0.1% triethylamine). The major uv-absorbing 
zoneiQ was first eluted with Sz and the residue, after evaporation 
of the solvent, separated from a mixture of chloroform, ether, 
and petroleum ether as an amorphous solid of indefinite melting 
point: uv max (1% CHCla in EtOH) 278 nm (e 13,600), min 
230 (7300); ir (KBr) 3380 cm-l (broad band, N H  and OH); 
nmr (CDCla) 6 7.66 and 8.10 (doublet of doublets, 4, p-nitro- 
phenyl, AA'BB'), 1.18 (m, 6, CHI residue in 2 ethoxy groups), 

Anal. Calcd for CzlHzeN409.HzO: C,  50.80; H, 5.69; N, 
11.29; CsH60, 18.15. Found: C, 51.01; H,  5.26; N, 11.37; 

Reaction of Guanosine, p-Nitrobenzaldehyde, and Ethyl Ortho- 
formate.-A solution of guanosine (1.13 g, 4 mmol), p-nitro- 
benzaldehyde (2.7 g, 18 mmol), ethyl orthoformate (2.9 ml, 17.1 
mmol), and trifluoroacetic acid (0.8 ml, 10.8 mmol) in DMF (40 
ml) was stirred at  ambient temperature for 50 hr. Triethylamine 
(2.2 ml, 16 mmol) was then added and the mixture was evapo- 
rated to dryness a t  45' (0.1 mm). The residue was dissolved 
in chloroform (100 ml), the solution was washed with a saturated 
solution of sodium bicarbonate (two 40-ml portions), and the 
dried chloroform extract was evaporated to dryness in vacuo. 
The residue was dissolved in dichloromethane (15 ml) and 
a yellow solid 4 was precipitated by the addition of ether (50 ml) 
and petroleum ether (30-60'), wt 1.78 g (86% yield), which 
retained a small amount of p-nitrobenzaldehyde according to  
tlc (SI). The analytical sample was purified by preparative tlc 
(SI, in which dichloromethane was substituted for chloroform and 
0.1 ml of triethylamine/100 ml of solvent mixture), the main uv- 
absorbing (yellow) zone was eluted with the same solvent system, 
and the eluate was evaporated to dryness in vacuo. The product 
4 was precipitated as described above as a chromatographically 
(tlc) homogeneous solid: uv max (170 CHCla in EtOH) 259 nm 
( E  21,000), min 232 (8600); ir (KBr) 3100-3300 (OH), 1700 
cm-l (CO, guanosine); ir (CHC13) absence of NHz; nmr (CDCla), 
the p-nitrophenyl group, Hit, and ethoxyl protons all appeared 
as poorly resolved signals. 

Anal. Calcd for C22HzeNeOg: N, 16.24. Found: N, 16.43. 
p-Bromo-N-(p-nitrobenzy1idene)aniline.-A solution of p -  

nitrobenzaldehyde (0.15 g, 1 mmol) and p-bromoaniline (0.17 g, 
1 mmol) in DMF (5 ml) was held at  room temperature for 1 hr. 
The reaction mixture was evaporated to dryness a t  40' (0.1 mm) 
and the residue crystallized from benzene-ethanol (1:l) as a 
yellow solid: wt 0.13 g (43% yield); mp 160-163' (lk20 162- 
164"); nmr (CDC13) 6 8.16 (s, 1, CH=), 7.69 and 7.99 (two d, 4, 
AA'BB' of p-nitrophenyl), 6.78, 7.20 (two d ,  4, AA'BB' of 
p-bromophenyl). 

CzH60, 17.50. 

Registry No,-la, 30765-26-5; 2, 30765-27-6; 3a, 
30826-39-2; 3b, 30765-28-7; 4, 30765-29-8; Sa, 30765- 
30-1 ; p-bromo-N-(p-nitrobenzylidene)aniline, 10480- 
19-0. 

(19) On tlc, the zone travels as a double spot, which suggests the possibility 
that the product 3b is a mixture of diastereoisomers. 

(20) P. K. Kadaba, Tetrahedron, 2Z, 2453 (1966). 


