
9-(5,6-Dideoxy-P-~-ribo- hex-5-enofuranosy1)adenine 

Amidine 7 may be formed by [1,3] rearrangement of an ethyl 
group from nitrogen to  carbon in the initially formed 5. Ac- 
tually, heating of 5b in diethylamine a t  200 "C gave a 28% yield 
of 7b (run 3 in Table 111). Other 1,l-diaminoethylenes 5c and 
5i also gave the corresponding rearrangement products 7c and 
7i under the  same reaction condition (runs 5 and 11). These 
ethyl migrations proceeded smoothly in diethylamine bu t  not 
in triethylamine. However, in the presence of a catalytic 
amount  of DTBP,  the N-ethyl or N-n-propyl group of 5 mi- 
grated t o  give the corresponding butyr- or hexanamidine de- 
rivative in triethylamine (runs 6 and 12). The N-methyl group 
in 5 did not migrate to give the corresponding propionamidine 
derivatives in any cases, bu t  the demethylation products 8 or 
9 were formed. 

Thermal  [1,3] alkyl rearrangement may occur either by a 
sigmetropic shift  following a suprafacial path with inversion 
a t  the migrating center or by a radical dissociation-recombi- 
nation path.6 The  accelerating effect of DTBP,  mentioned 
above, seems to suggest t ha t  the transformation of 5 to  7 
proceeds via radical intermediates. From the present results, 
however, we cannot conclude it. l-Allylphenylamino-1- 
methylphenylaminoethylene (5f) was converted into N,N'- 
diphenyl-N-methyl-4-pentenamidine (7f) in a high yield by 
heating without the aid of DTBP (run 9 in Table 111). 

ItCxperimental Section 
All boiling points (are uncorrected. NMR spectra were recorded 

using a JEOL Model JNM-MH-100 spectrometer employing MedSi 
as internal standard. IR spectra were taken on a JASCO Model IRA-2 
spectrometer. GLC analyses were performed on a JEOL Model 
JGC-1100 FID chromatograph. Fractional distillation was accom- 
plished by a Buchi Model GKR-50 Kugelrohr distillation apparatus. 
All solvents were distilled in a nitrogen atmosphere just prior to use 
and the reactions were carried out under nitrogen atmosphere. 

N,N,N',N'-Tetrasubstituted 1,l-Diaminoethylenes ( 5 ) .  A 
mixture of 10 mmol of silylynamine [N-methyl-N-(trimethylsilyl- 
ethyny1)aniline (I) ,  N-ethyl-N-(trimethylsilylethyny1)aniline (2), 
or N,N-diethyl(trimethylsilylethyny1)amine (3)],5 30 mmol of sec- 
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ondary amine, and 10 mg (0.53 mol %) of N-methylaniline hydro- 
bromide was heated with stirring at 150 "C for 1-10 h. The reaction 
mixture was distilled under reduced pressure to give the corre- 
sponding 5. 

11. 
The yields and characterizing data are summarized in Tables I and 

Thermal Reaction of 5. A solution of 7 mmol of 5 in 2 mL of amine 
(diethylamine, triethylamine, diisopropylamine, or piperidine) was 
heated with 100 mg (10 mol %) of DTBP (or without DTBP) in a 
sealed tube a t  200 "C for 24 h. The reaction mixtures were analyzed 
by GLC using a 3 mm X 1 m stainless steel column filled with 10% 
silicone SE-30, and the yields were determined by the internal stan- 
dard method. Samples of the products were isolated by fractional 
distillation of the reaction mixtures. The yields and characterizing 
data are shown in Tables I11 and IV. 
N-Methyl-N-phenyl-N'-ethylbutyramidine (7b). To a chilled 

suspension of PC15 (5.6 g, 27 mmol) in dry chloroform (30 mL) was 
added dropwise N-ethylbutyramide (2.6 g, 23 mmol) and stirring was 
continued for 15 min. Then a solution of N-methylaniline (2.42 g, 23 
mmol) in chloroform (5 mL) was added and the mixture was stirred 
for 2 h at room temperature and an additional 2 h at reflux. After the 
addition of water (50 mL) to the reaction mixture, the aqueous layer 
was separated and made alkaline with NaOH solution and then ex- 
tracted with ether. The ethereal extract was dried, concentrated, and 
distilled to give 1.60 g (35%) of 7b, bp 120-122 "C (20 mm). 
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D-Allose was converted to methyl 2,3:5,6-di-0-isopropylidene-/3-D-allofuranoside, and this in turn was hydro- 
lyzed in an acid solution to methyl 2,3-0-isopropylidene-~-D-allofuranoside. Treatment of the latter with meth- 
anesulfonyl chloride gave methyl 2,3-0-isopropylidene-5,6-bis( 0-methanesulfonyl) -6-D-allofuranoside. The latter 
was treated with sodium iodide to afford methyl 2,3-0-isopropylidene-fl-D-ribo- hex-5-enofuranoside. The isopro- 
pylidene group was hydrolyzed, the hydroxyl groups were blocked with benzoyl groups, and the methoxyl group 
was replaced with an acetate by acetolysis. The sugar derivative, 1-0-acety1-2,3-di-0-benzoy1-5,6-dideoxy-~-ribo- 
hex-5-enofuranose, was condensed with 6-benzamidochloromercuripurine by the titanium tetrachloride method, 
and the blocking groups were removed with sodium methoxide to afford the desired nucleoside, 9-(5,6-dideoxy-b- 
rb-ribo- hex-5-enofuranosy1)adenine. As an aid to NMR clarification of the configuration at the anomeric carbon 
atom, the 2',3'-0-isopropylidene derivative was prepared. D-Talose was converted to methyl 2,3-0-isopropylidene- 
5,6-bis(O-methanesulfonyl)-cu-~-talofuranoside in several steps without isolation of the intermediates. Sodium io- 
dide treatment of the 5,6-bis(O-methanesulfonate) gave methyl 2,3-0-isopropylidene-P-~-ribo- hex-5-enofuranos- 
ide, which was used to prepare 9-(5,6-dideoxy-f?-L-ribo- hex-5-enofuranosy1)adenine by the same pathway as used 
to prepare the D form. 

This  laboratory has been engaged in a study of the chem- 
istry and biological effects of exocyclic unsaturation of nu-  
cleosides. In addition to  the 4',5' unsaturation found in 
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decoyinine (angustmycin A) type of  analogue^,^^^ this labo- 
ratory has reported the preparation of several 5',6'-unsatu- 
rated hexofuranosyl n u ~ l e o s i d e s . ~ ~ 5  Weak biological activity, 
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either antibacterial or antileukemic (L 1210 in culture), has 
been noted5 and the  two new compounds reported5 at tha t  
t ime appear t o  have borderline activity.6 It also seemed of 
interest to  compare the  biological and  enzymatic properties 
of 9-(5,6-dideoxy-~-~-ribo-hex-5-enofuranosyl)adenine (9) 
and its enantiomer 14 t o  t h a t  of t he  enantiomeric forms of 
9-(5-deoxy-P-erythro-pent-4-enofuranosyl)adenine reported 
r e ~ e n t l y . ~  Because of previous difficulties experienced during 
a t tempts  to  unsaturate preformed nucleosides without com- 
petitive side reactions, such as cyclonucleoside formation, the 
scheme of synthesis reported here again emphasizes the  use 
of unsaturated sugar derivatives for the preparation of t he  
desired nucleosides. 

The desired starting material for the synthesis of nucleoside 
9 was methyl 5,6-dideoxy-2,3-0-isopropylidene-P-D-ribo- 
hex-5-enofuranoside ( 5 ) .  A preparation of 5 was reported a 
number of years ago by pyrolysis of methyl 6-deoxy-2,3-0- 
isopropylidene-0-D-allofuranoside 5-S-methylxantha te  
(Chugaev r e a ~ t i o n ) . ~  One problem with this approach was that 
methyl 6-deoxy-2,3-0-isopropylidene-~-~-allofuranoside had 
to  be prepared from L-rhamnose, a fairly expensive sugar. A 
more serious problem was tha t  t he  product of the Chugaev 
reaction was contaminated with sulfur-containing byproducts, 
and 5 could only be purified by preparative GLC. Previous 
experience in this laboratory has demonstrated the  ease of 
preparation of glycosides related to  5 starting from the parent 
 hexose^.^ D-Allose (1) was, therefore, required as the starting 
sugar for the preparation of 5. D-Allose has been prepared in 
a number of laboratories by oxidation of 1,2:5,6-di-O-iso- 
propylidene-a-D-glucofuranose followed by reduction and  
hydrolysis of blocking groups. T h e  ruthenium tetraoxide ox- 
idation procedure of Baker e t  a1.8 appeared t o  be the  best 
method; however, in the author’s hands this procedure gave 
low yields (-25%) and required extensive chromatography to  
remove colored contaminants. Utilizing this procedure as a 
basis and applying certain advantageous aspects of various 
other methods in the literature? a somewhat different oxi- 
dation procedure was worked out which is presented in the 
Experimental Section. The reduction of the oxidation product 
and removal of the isopropylidene groups were accomplished 
as described previously8 and D-allose was obtained in high 
yield. 

Trea tment  of D-allose (1) with a mixture of acetone, 
methanol, 2,2-dimethoxypropane, and an acid catalystlo gave 
methyl 2,3:5,6-di-0-isopropylidene-~-~-allofuranoside (2) 
(Scheme I). In previous work,lOJ1 i t  had been found advan- 
tageous to skip the isolation of the fully blocked intermediate 
and to  procede directly to the next product. Therefore, a re- 
peat of the above followed by selective hydrolysis gave a 51% 
yield of crystalline methyl 2,3-0-isopropylidene-P-D-allofu- 
ranoside (3). A fair amount  of over hydrolysis produced D- 
allose and  the methyl glycoside, which were present in the 
aqueous phase after the extraction process. By using an  
anion-exchange resin in the hydroxide form to  neutralize the 
acid, it  was possible to  recycle the aqueous phase through the 
entire process a t  least one t ime t o  raise the total  yield to  over 
70%. Williams12 has reported tha t  the acid-catalyzed metha- 
nolysis of 1,2:5,6-di-~~-isopropylidene-a-D-allofuranose 
yielded both 2 and 3 a3 products. T h e  physical da ta  for 2 
agreed well; however, 3 had been reported as a syrup. NO ele- 
mental analysis was given and the optical rotations, which are 
not close, could not be compared in water due t o  the low sol- 
ubility of crystalline 3. T h e  elemental analysis and NMR and 
IR spectra of 3 support  the structure, as do  the following re- 
actions performed on it. 

Treatment  of 3 with methanesulfonyl chloride afforded 
methyl 2,3-0-isopropylidene-5,6-bis(O-methanesulfonyl~- 
p-D-allofuranoside (4) in 86% yield. Methyl 5,6-dideoxy- 
2,3-0-isopropylidene-p-~-ribo- hex-5-enofuranoside ( 5 )  was 
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obtained from 4 with sodium iodide in boiling 2-butanone. 
The  spectral data  and  optical rotation of 5,  which was a dis- 
tillable liquid, compared favorably to  the compound reported 
by Ryan e t  al.7 T h e  present synthesis has the distinct ad- 
vantage tha t  large quantities of 5 can be produced from D- 
glucose and  purified by distillation without t he  problem of 
contaminating byproducts. 

In order to  prepare nucleoside 9, i t  was necessary t o  ex- 
change the blocking groups of 5 for ester groups. The  isopro- 
pylidene group was removed in boiling methanol containing 
the acid form of an  ion-exchange resin.13 The hydroxyl groups 
were benzoylated, giving methyl 2,3-di-O-benzoyl-5,6-dide- 
oxy-6-D-ribo- hex-5-enofuranoside (6), and acetolysis afforded 
the 1-0-acetate  7. The benzoate groups precluded isomer- 
ization at C-2 of the sugar during the acetolysis reaction.l* The 
sugar d.erivative 7 was condensed with 6-benzamidochlo- 
romercuripurine by the titanium tetrachloride method5J5 and 
the blocking groups of t he  nucleoside 8 were removed in hot 
methanolic sodium methoxide. The  crystalline product 9 was 
purified by chromatography on an ion-exchange column16 and 
obtained in 44% yield from 7. T h e  elemental analysis and UV, 
IR, and NMR spectra indicated that  9 was an N-9 substituted 
adenine hexofuranosyl nucleoside. However, the H-1’ proton 
was obscured by overlapping of the multiplet from H-5’ so that  
no decision concerning the anomeric configuration could be 
made. I t  was expected that  9 would have the p-D configuration 
because of the directive effect of the benzoyl group a t  C-2 
during the coupling reacti0n.1~ Since the optical rotation of 
9 offered no basis for a decision, it was converted to  the iso- 
propylidene derivative 10 and the  NMR spectrum recorded 
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again. The anomeric proton was still not clearly defined; 
however, t h e  A6 value of t h e  0- and  y-methyl groups of t h e  
isopropylidene group was 0.22. Imbachl8 has  stated that 
values of A6 > 0.18, when recorded in MezSO-d6, are indicative 
of t h e  0-D configuration, which has  been assigned to  9.19 

The starting sugar for the preparation of the enantiomeric 
nucleoside 14 was D-talose (11) (Scheme 11). T h e  preparation 
of methyl  2,3-0-isopropylidene-5,6-bis(O-methanesul- 
fonyl)-D-D-talofuranoside (12) followed the preparation of the 
D-mannose isomer1') more closely than the D-allose isomer 4 
in that the  intermediates were not  isolated. Attempts were 
made  t o  purify and  (crystallize methyl 2,3:5,6-di-O-isopropy- 
lidene-a-D-talofuranoside and methyl 2,3-0-isopropyli- 
dene-a-D-talofuranoside, but these substances did no t  crys- 
tallize and t h e  purification process decreased yields. There-  
fore, t he  entire reaction sequence to  12 from 11 was performed 
without isolation of intermediates. Similar t o  t h e  case of D- 
allose, t h e  aqueous phase after selective hydrolysis was recy- 
cled one t ime and,  following mesylation, a 60% total  overall 
yield of 12 from D-talose was obtained. 

Treatment  of 12 with sodium iodide in 2-butanone gave 
methyl  5,6-dideoxy-2,3-0-isopropylidene-~-~-ribo-hex-5- 
enofuranoside (13). From this point on, the synthesis of 14 was 
achieved in t h e  same manner as  described for 9. 

Experimental Sectionz0 
D-Allose (1). To a 1-L Morton flask was added 10 g of sodium bi- 

carbonate, 50 mL of water, and 1 g of ruthenium dioxide hydrate,21 
and the mixture was stirred magnetically. Sodium metaperiodate (5 
g) was added and the insoluble black ruthenium dioxide was converted 
to the soluble yellow.orange ruthenium tetraoxide. Carbon tetra- 
chloride (200 mL) was added followed by 50 g of 1,2:5,6-di-O-iso- 
propylidene-a-D-glu~ofuranose,~~ which was added in small portions 
over 1 h. During this time a solution containing 55 g of sodium me- 
taperiodate in 500 mh, of water was added intermittently in small 
portions to the well-stirred mixture to maintain the yellow-orange 
color. After each addition of the sugar derivative the formation of 
black ruthenium dioxide could be observed around the dissolving 
crystals. After all of the sugar derivative and sodium metaperiodate 
solution had been added the orange solution was stirred until ru- 
thenium dioxide was regenerated. Solid sodium metaperiodate was 
added in 3-5-g portions from time to time to regenerate the orange 
color until a total of 20 g had been added. TLC using 1:l chloro- 
form-ether indicated that the reaction was complete in 4-5 h. The 
mixture was treated with 50 mL of 2-propanol for 0.5 h, filtered 
through a pad of Celite-545, and the orange organic layer separated. 
The aqueous layer was extracted with chloroform (8 X 150 mL) and 
combined with the main organic layer, and the solvents were removed 
by evaporation, leaving a yellow crystalline mass. The reduction of 
1,2:5,6-di-O-isopropylidene-a-D-ribo- hexofurano-3-ulose hydrate 
to 1,2:5,6-di-0-isopropylidene-a-D-allofuranose (41.6 g, 83% yield 
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from 1,2:5,6-di-0-isopropylidene-D-glucofuranose) and subsequent 
hydrolysis to obtain D-allose (95% yield) was conducted as described 
by Baker et  al.* 

Methyl 2,3:5,6-Di-O-isopropylidene-~-D-allofuranoside (2). 
A mixture containing 1 g (5.55 mmol) of D-allose (l), 5 mL of 2,2- 
dimethoxypropane, 3.3 mL of methanol, 3.3 mL of acetone, and 0.1 
mL of concentrated hydrochloric acid was heated under reflux for 2 
h. The mixture was cooled to room temperature and neutralized with 
3 mL of saturated sodium bicarbonate solution. An additional 10 mL 
of water was added and enough methanol to dissolve the precipitate 
that formed. The organic solvents were evaporated and the product 
crystallized from the water. The crystals were filtered off, washed with 
water, and air dried: 0.838 g (55% yield). Recrystallization from 
methanol-water gave clear, colorless micaceous platelets: mp 66-66.5 
"C; [CtIz5D -54.3" ( e  1.36, chloroform) [lit.'* mp 67-68 "C; [a'Iz3D -54' 
(c 0.19, chloroform)]. 

Anal. Calcd for C13H2206: C, 56.92; H, 8.09. Found: C, 56.95; H, 
8.13. 

Methyl 2,3-0-Isopropylidene-~-D-allofuranoside (3). A mix- 
ture containing 22 g (0.122 mol) of D-allose, 110 mL of 2,Z-di- 
methoxypropane, 73 mL of acetone, 73 mL of methanol, and 2.2 mL 
of concentrated hydrochloric acid was boiled under reflux for 2 h. The 
orange solution was cooled to room temperature and poured into 220 
mL of water. The organic solvents were evaporated (30 "C), during 
which process crystals of 2 began forming. The amount of water was 
readjusted to 220 mL and 220 mL of methanol was added. The crystals 
dissolved, 5.5 mL of concentrated hydrochloric acid was added, and 
the solution was kept at  room temperature for 3.5 h. The acid was 
neutralized with Amberlite IR-45 (OH-) anion-exchange resin and 
the resin was removed by filtration and washed with 200 mL of 1:1 
methanol-water. The filtrate was evaporated to about 125 mL of 
water and extracted with chloroform (4 X 70 mL), and the chloroform 
extracts were combined and dried. The solvent was evaporated and 
the residue crystallized from a mixture of ethyl acetate (20 mL) and 
petroleum ether (bp 30-60 "C, 60 mL) to afford 14.03 g of 3. An ad- 
ditional 0.5 g was crystallized from the mother liquor for a 51% 
yield. 

The original water layer was evaporated and the residue dried by 
coevaporation several times with absolute ethanol. The residue, which 
weighed 13.8 g, was treated with 69 mL of 2,2-dimethoxypropane, 46 
mL of methanol, 46 mL of acetone, and 1.4 mL of concentrated hy- 
drochloric acid, and boiled under reflux for 2 h. The rest of the pro- 
cedure was the same as above except that neutralization of the acid 
was effected with saturated sodium bicarbonate solution. An addi- 
tional 5.88 g of 3 was obtained for a total of 20.42 g (71%). These 
crystals were satisfactory for use in the next step. 

In a separate experiment 1 g of 1 was converted to 3 in 51% yield 
and recrystallized from ethyl acetate-petroleum ether to obtain mi- 
crocrystals; mp 100-100.5 "C; [aIz5D -66.8" ( e  1.37, methanol); IR 
(KBr) urnax 3340 (OH), 1384 cm-' (gem-dimethyl); NMR (acetone-&) 
6 4.87 (br s, 1, OH), 4.75 (s, 1, H-1), 4.42 (d, 1, 5 2 , 3  = 6 Hz, H-2), 4.02 
(d, 1 , 5 2 , 3  = 6 Hz, H-3), 3.83-3.40 (m, 5, H-4, H-5, H-6a, H-6b, OH), 
3.20 (s, 3, OMe) 1.33, 1.21 (both s, 6, gem-dimethyl). A previous 
paper1* reported 3 as a syrup having [alZ50 -43" (c 0.35, water). 

Anal. Calcd for C10H1806: C, 51.27; H, 7.74. Found: C, 51.35; H, 
7.73 

Methyl 2,3- O-Isopropylidene-5,6-bis( 0-methanesulfony1)- 
8-D-allofuranoside (4). To a solution of 3 (20.4 g, 87 mmol) in 102 
mL of dry pyridine, chilled in an ice bath, was added 31 mL of meth- 
anesulfonyl chloride dropwise. The mixture was stirred for 2 h at room 
temperature, chilled again, and 45 mL of water was added very slowly. 
Crystallization of the product began and after 1 h the contents of the 
flask was transferred to a beaker containing 1 L of water and stirred 
for 20 min. The crystals were filtered off, washed copiously with water, 
and air dried: 29.34 g (86% yield). This material was satisfactory for 
the next reaction. Recrystallization of a sample (1.46 g) from etha- 
nol-water afforded 1.21 g of needles: mp 102-103 "C; [ a ] * b ~  -25.9" 
( c  1.38, chloroform); IR (KBr) urnax 1374 (gem-dimethyl), 1350,1170 
cm-l (sulfonyl), no OH; NMR (acetone-&) 6 5.00-3.93 (series of 
unresolved, complex multiplets, 7 sugar protons), 3.33 (s, 3, OMe), 
3.18, 3.12 (both s, 6, methanesulfonyl), 1.40, 1.27 (both s, 6, gem- 
dimethyl). The NMR spectrum very closely resembled that of other 
isomers of this type. 

Anal. Calcd for C12H22O10S2: C, 36.91, H, 5.68; S, 16.43. Found: C, 
36.93; H, 5.68; S, 16.42. 

Methyl 5,6-Dideoxy-2,3- O-isopropylidene-~-D-ribo-hex-5- 
enofuranoside ( 5 ) .  A mixture containing 29.4 g (75.5 mmol) of 4 8 3  
g (0.55 mol) of sodium iodide, and 650 mL of 2-butanone was boiled 
under reflux for 39 h. The mixture was cooled to room temperature 
and filtered, and the solvent was evaporated. The liquid residue was 
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dissolved in 175 mL of chloroform, washed with 10% aqueous sodium 
thiosulfate solution (250 mL; then 2 X 175 mL) and water, (200 mL) 
and dried. After evaporation of the chloroform, the oil was dissolved 
in methanol and decolorized with activated charcoal.23 The methanol 
was evaporated and the oil distilled to yield 13.14 g (87%): bp 79-80 
"C (3.5 mmHg); [ C X ] ~ ~ ~  -61.0" (c 1.64, chloroform) [ lk7  bp 104-105 
"C (17 mmHg), [ a ] 2 4 ~  -57.9' (chloroform)]; IR (film) vmm 3015,2780 
(=C-H stretching), 1682, 1635 (C=C), 1374 (d, gem-dimethyl), 992, 
907 cm-' (=CH bending); NMR (chloroform-d) 6.0-4.97 (complex 
m, 3, H-5, H-6a, H-6b), 4.90 (s, 1, H-l), 4.57 (m, 3, H-2, H-3, H-4), 3.25 
(s, 3, OMe), 1.43, 1.27 (both s, 6, gem-dimethyl). 
9-(5,6-Dideoxy-~-~-ribo-hex-5-enofuranosyl)adenine (9). To 

a solution containing 8 g (40 mmol) of 5 in 240 mL of methanol was 
added 80 g of Amberlite IR-120 (H+) cation-exchange r e ~ i n . ' ~ . ~ ~  The 
well-stirred mixture was heated under reflux for 3.5 h, cooled to room 
temperature, and filtered by suction through a pad of Celite-545. The 
solids were washed with 200 mL of methanol, the methanol was 
evaporated, and a yellow syrup remained. The syrup was dissolved 
in 112 mL of dry pyridine, chilled in an ice bath, and 19 mL of benzoyl 
chloride was added, dropwise, to the stirring mixture. After 1 h the 
flask was stored at  room temperature for 16 h, chilled again in an ice 
bath, and the contents treated with 7 mL of methanolz5 dropwise. 
After 0.5 h in the ice bath; the flask was kept at  room temperature for 
2.5 h, and then the contents was diluted with 100 mL of chloroform 
and transferred to a separatory funnel. The organic solution was 
washed with 250 mL of ice water, and the aqueous layer was back- 
extracted one time with 40 mL of chloroform. The chloroform solution 
was washed with 250 mL of saturated sodium bicarbonate solution 
and 250 mL of water and evaporated. The residue, which contained 
methyl benzoate, was suspended in 50 mL of 1:l methanol-water and 
the solvents were evaporated. This process was repeated four times 
and removed all but traces of methyl benzoate. The syrupy residue 
was dried by coevaporation with absolute ethanol (4 X 50 mL) to af- 
ford 13.2 g (90% yield from 5) of an orange syrup, methyl 2,3-di-0- 
benzoyl-5,6-dideoxy-p-r,-ribo-hex-5-enofuranoside (6): NMR 
(chloroform-d) 13 8.07-7.00 (m, phenyl), 3.42 (s, OMe). 

The entire sample (36 mmol) was dissolved in a mixture of glacial 
acetic acid (81 mL) and acetic anhydride (8.1 mL), chilled in an ice 
bath, and 3.8 mL of concentrated sulfuric acid was added dropwise. 
The mixture was kept at  room temperature for 16 h, poured into 200 
mL of ice, and the mixture was stirred until the ice melted. A gum had 
settled out, which was dissolved by stirring in 100 mL of chloroform, 
and the chloroform solution was separated in a separatory funnel. The 
aqueous layer was extracted with chloroform (2 X 50 mL) and the 
extracts were combined. The chloroform solution was washed with 
water (2 X 200 mL), saturated sodium bicarbonate solution (200 mL), 
and again with wat,er (200 mL), and dried. Evaporation of the solvent 
and several coevaporations with benzene to remove traces of acetic 
acid afforded a colorless syrup, 14.34 g of l-O-acety1-2,3-di-O-ben- 
zoyl-5,6-dideoxy-~-ribo- hex-5-enofuranose (7): NMR (chloroform-d) 
6 2.03 (acetyl), no methoxyl. 

The sugar derivative 7 (14.3 g, 36 mmol), 21.4 g (45 mmol) of 6- 
benzamidochloromercuripurine, 21.4 g of Celite-545, and 1250 mL 
of 1,2-dichloroethane were set up to reflux and 250 mL of solvent was 
removed through a take-off adapter in order to eliminate traces of 
moisture. A solution containing 5.2 mL (47 mmol) of titanium tetra- 
chloride in 200 mL of fresh, dry 1,2-dichloroethane was added and 
the mixture was refluxed for 22 h with efficient stirring and protected 
from moisture. The mixture was cooled to room temperature, treated 
with 700 mL of saturated sodium bicarbonate solution, stirred for 1.5 
h, and filtered through a pad of Celite-545. The filter cake was washed 
with 250 mL of hot 1,2-dichloroethane, the filtrate was placed in a 
separatory funnel, and the organic layer separated. Evaporation of 
the solvent left a brown foam, which was dissolved in 200 mL of 
chloroform, and the solution was washed with 30% aqueous potassium 
iodide solution (2 x: 200 mL) and saturated sodium chloride solution 
(300 mL). The chloroform solution was dried and evaporated, yielding 
a brown, foamy, stiff gum weighing 18.3 g. The gum was dissolved in 
300 mL of methanol, 48 g o f  1 N methanolic sodium methoxide was 
added, and the mixture was boiled under reflux for 1.5 h. When the 
solution was chilled, precipitation of a tan solid occurred, which was 
filtered off, washed with cold methanol, and air dried. This material 
(3.5 g) was dissolved in 50 mL of hot 30% aqueous methanol and 
placed on top of a columnz6 (56 X 1.8 cm) of BioRad AG 1-X2 
(200-400 mesh, OH-,. Fractions (19 mL) were collected, and at  tube 
number 68 the solvent was changed to 60% aqueous methanol and 
16-mL fractions were collected. The dark-colored material stayed at  
the top of the column and only a few very minor UV absorbing peaks 
were observed. The main IJV peak was in tubes 53-134, which were 
pooled and the solvents evaporated. The product was crystallized from 

ethanol to give 2.679 g in two crops. Recrystallization from acetone 
afforded 2.616 g of white needles in two crops. 

The original methanol filtrate was adjusted to neutral pH with 
Amberlite CG-120 (H+) ion-exchange resin and the mixture was fil- 
tered through a pad of Celite. The methanol was evaporated and 
50-mL portions of water were coevaporated three times to remove 
methyl benzoate as an azeotrope. The residue was dissolved in 50 mL 
of 30% aqueous methanol and placed on a fresh column (60 cm X 1.8 
cm) of the same resin used above. Fractions (15 mL) were collected 
and the solvent changed to 60% aqueous methanol a t  tube number 
88. The major UV peak corresponded to tubes 73-160. These were 
pooled, the solvents evaporated, and the residue was crystallized from 
ethanol in two crops, affording 1.850 g. Recrystallization from acetone 
gave 1.603 g of white needles in three crops, identical with the above 
product by melting point, mixture melting point, and IR spectrum. 
The total yield of 9 was 4.219 g (44% from 7): mp 190-191 "c; [CX]'~D 
+5.4' (c 0.837,l N hydrochloric acid); UV max (pH 1) 256.5 ( e  15 025), 
(H20) 259 ( e  14 762) (pH 13) 259 nm ( e  15 180); UV min (pH 1) 230 
( e  50001, (H2O) 227 ( e  21901, (pH 13) 231.5 ( e  3885); NMR (Me2sO-d~) 
6 8.17, 8.03 (both s, 2, H-8, H-2). 7.13 (br s, 2, NHz), 6.03-5.67 (m, 2, 
H-l', H-59, 5.53-4.93 (complex m, 4, 2'-OH, 3'-OH, H-6'a, H-6'b), 
4.77-4.43 (m, 1, H-2'),4.40-3.97 (complex m, 2, H-4', H-3'). 

Anal. Calcd for CllH13N503: C, 50.18; H, 4.98; N, 26.60. Found: C, 
50.38; H, 5.09; N, 26.73. 

9-(5,6-Dideoxy-2,3- O-isopropylidene-~-D-ribo-hex-5-enofu- 
ranosy1)adenine (10). Nucleoside 9 (100 mg, 0.38 mmol) was sus- 
pended in a mixture containing 30 mL of acetone and 3 mL of 2,2- 
dimethoxypropane, and 0.64 g of p-toluenesulfonic acid monohydrate 
was added. After stirring for 4 h at  room temperature, the orange 
solution was poured into a stirring solution of 1 g of sodium bicar- 
bonate in 10 mL of water. The precipitate was removed by filtration, 
and the solvents were evaporated. The residue was triturated with 
25 mL of chloroform, the mixture filtered, and the chloroform evap- 
orated. The syrupy residue crystallized after standing for 2 days at  
room temperature. Recrystallization from ethanol afforded 53 mg 
(46% yield) of 10 mp 182.5-183.5 "C with a wet appearance at  178 "C; 
NMR (Me$3O-d6) 6 8.18,8.10 (both s, H-8, H-2), 7.23 (br s, NHz), 1.55, 
1.33 (both s, A6 = 0.22, gem-dimethyl). 

Anal. Calcd for C14Hl~N503: C, 55.47; H, 5.65; N, 23.09. Found: C, 
55.20; H, 5.50; N, 22.84. 

Methyl 2,3-O-Isopropylidene-5,6-bis( 0-methanesulfony1)- 
a-D-talofuranoside (12). D-Talose (11) was prepared from D-ga- 
lactaP by the method of Bilik and K u G ~ . ~ ~  A mixture containing 19.8 
g (0.11 mol) of D-talose, 100 mL of 2,2-dimethoxypropane, 70 mL of 
acetone, 70 mL of methanol, and 2 mL of concentrated hydrochloric 
acid was boiled under reflux for 2 h, cooled, diluted with 200 mL of 
water, and the organic solvents evaporated below 30 "C. Methanol 
(200 mL) and 5 mL of concentrated hydrochloric acid were added and 
the mixture was kept at  room temperature for 4 h. The pH was ad- 
justed to neutrality with Amberlite IR-45 (OH-) and the resin was 
removed by filtration and washed thoroughly with 1:1 methanol- 
water. The solvents were evaporated until about 200 mL of water 
remained. Continuous extraction of the water layer with ethyl acetate 
was carried out for 5 days.29 Evaporation of the dried solution gave 
an orange syrup (17.34 8). The aqueous layer was recycled through 
this process as described for the D-allOSe isomer, and an additional 
4.34 g of crude methyl 2,3-0-isopropylidene-~~-D-talofuranoside was 
obtained. The two preparations were used separately in the following 
mesylation step. 

To a solution containing the 17.34 g of syrup in 90 mL of dry pyri- 
dine, chilled in an ice bath, was added 24 mL of methanesulfonyl 
chloride dropwise. The reaction was allowed to proceed for 2 h at room 
temperature, the mixture was chilled again, and 40 mL of water was 
added very slowly. After 15 min of stirring the mixture was diluted 
with an additional 150 mL of water and extracted with chloroform 
(3 X 75 mL). The chloroform extracts were combined, washed with 
saturated sodium bicarbonate solution (2 X 175 mL) and water (175 
mL), and dried, and the solvent was evaporated. Coevaporation with 
small portions of toluene gave a syrup which was crystallized from 
ethanol after seeding.30 A yield of 20.48 g of white needles was ob- 
tained. Treatment of the 4.34-g sample of syrup with 6 mL of meth- 
anesulfonyl chloride in 25 mL of pyridine and similar processing af- 
forded an additional 5.22 g of 12, for a total yield of 25.70 g (60% from 
11): mp 74.5-75.5 "C; [CX]25D +37.2" (c 1.20, chloroform); IR (KBr)v,, 
1384, 1360,1346 (overlapping broad peaks, gem-dimethyl, sulfonyl), 
1179 cm-' (sulfonyl); NMR (chloroform-d) 6 5.10-3.90 (series of 
complex multiplets, 7 sugar protons), 3.37 (s, 3, OMe), 3.10,3.05 (both 
s, 6, methanesulfonyl), 1.48, 1.32 (both s, 6, gem-dimethyl). 

Anal. Calcd for C12H2201&: C, 36.91; H, 5.68; S, 16.43. Found: C, 
37.00; H, 5.59; S, 16.45. 
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M e t h y l  5,6-Dideo~:y-2,3-0-isopropylidene-~-L-ribo-hex-5- 
enofuranos ide  (13). M e t h y l  2,3-0-isopropylidene-5,6-di-O-meth- 
anesulfonyl-a-D-talofuranoside (12,12.5 g, 32 mmol), 35 g o f  sodium 
iodide, and 275 mL o f  :!-butanone were heated under re f lux for  26 h. 
The mixture was worked up in a similar manner as in the preparation 
o f  5 t o  a f ford 4.33 g (67.5% yield) o f  a clear, colorless liquid after dis- 
t i l lat ion: bp 85-87 "C (3 mmHg),  [ a I z 5 ~  +61.0° (c 1.53, chloroform). 
T h e  IR and NMR spectra o f  13 were identical w i t h  5. 

Anal. Calcd for C10111604: C, 59.98; H, 8.06. Found: C, 59.92; H, 
7.94. 
9-(5,6-Dideoxy-~-1~-ribo-hex-5-enofuranosyl)adenine (14). 

The preparation o f  14 f rom 13 proceeded exactly as already described 
for  the preparation o f  9. F r o m  2.5 g o f  13,4.89 g o f  methy l  2,3-di-0- 
benzoyl-5,6-dideoxy-P-~-ribo- hex-5-enofuranoside was obtained and 
th is  was acetolyzed t O  l-0-acetyl-2,3-di-0-benzoyl-~-ribo- hex-5- 
enofuranose (4.16 gj. B o t h  o f  these compounds h a d  NMR spectra 
which were virtual ly identical with their enantiomers. The 1-0-acetate 
(4.16 g, 10.5 mmol)  was condensed w i t h  6.2 g (13.1 mmol)  o f  6-ben- 
zamidochloromercuripurine in 450 mL o f  1,2-dichloroethane as de- 
scribed for  the synthesis of 9. After  workup, 4.48 g o f  tan  foam was 
obtained. The blocking groups were removed w i th  sodium methoxide, 
the methy l  benzoate was removed as a water azeotrope, and the 
product was purif ied on a column16 (33 X 2 cm) as described before.31 
T h e  contents of the tubes containing the  m a i n  UV peak were com- 
bined and crystallization f rom ethanol gave 1.201 g i n  two crops. T w o  
recrystallizations f rom acetone yielded 0.998 g (36% f rom the  1-0- 
acetate) o f  needles, mp 191-191.5 "C. The sample required dry ing t o  
100 "C under h igh vacuum in a drying pistol (phosphorus pentaoxide) 
t o  remove traces of acetone and water. T h e  IR spectrum o f  14 was 
identical w i t h  9. 

Anal. Calcd for CllH13N503: C, 50.18; H, 4.98; N, 26.60. Found: C, 
49.79; H, 5.00; N, 26.46. 

R e g i s t r y  No.-1, :2595-97-3; 2, 28642-53-7; 3, 28642-54-8; 4, 

9, [65969-37-1; 10, 65969-38-2; 11, 2595-98-4; 12, 65969-39-3; 13, 
65969-40-6; 14, 65969-41-7; 1,2:5,6-di-0-isopropylidene-2-~-gluco- 
furanose, 582-52-5; I ,2:5,6-di-O-isopropylidene-a-D-ribo- hexofu- 
rano-3-ulose, 2847-00-9; 6-benzamidochloromercuripurine, 17187- 
65-4; methy l  2,3-0-isopropylidene-a-~-talofuranoside, 65969-42-8; 
methy l  2,3-di-O-benzc1yl-5,6-dideoxy-P-~-ribo- hex-5-enfuranoside, 
65969-43-9; l-C)-acet~~l-2,3-di-O-benzoyl-5,6-dideoxy~~-ribo-hex~ 
5-enofuranose, 65969-44-0. 

65969-34-8; 5,29325-28-8; 6,65969-35-9; 7,65969-36-0; 8,66008-58-0; 
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The [2 + 41 cycloaddit ion of benzyne w i t h  1,2-dimethylenecyclobutane or 1-vinylcyclobutene leads t o  the forma- 
t i o n  o f  a n  adduct which can be dehydrogenated w i t h  DDQ to  provide naphtho[b]cyclobutene or naphtho[a]cyclo- 
butene, respectively. Similar reaction of 2,3-dehydronaphthalene w i t h  these same two dienes provides analogous 
cycloadducts which can then be oxidized t o  anthro[a]cyclobutene and anthro[b]cyclobutene. Pyrolysis o f  1,4-dihy- 
dronaphtho[b]cyclobutene provides a ring-opened diene which can undergo fur ther  cycloaddition. Other oxidative 
routes t o  naphtho[b]cyclobutene are presented. 

T h e  preparation of annelated aromatic systems is often 
best accomplished by the utilization of synthetic techniques 
in which the fused ring portion of the molecule comprises one 

of the initial reacting partners. This species can then undergo 
cycloaddition or condensation reactions to  build up the aro- 
matic nucleus. We have demonstrated the utility of this ap- 
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