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Introduction.

Selected N-7-phenyl-substituted pyrrolo[2,3-d]pyrimi-
dines (i.e. 7- deazapurines) have been observed to show
antiphlogistic and anticonvulsant effects [1,2]. Even their
precursors, the 2-aminopyrrole-3-carbonitriles, exhibit bio-
logical activities such as inhibition of 5-lipoxygenase and
inhibition of chemiluminescence [3].

Recently we reported the possibility of synthesizing
T-unsubstituted pyrrolo[2,3-d]pyrimidines [4]. Now we
have been able to produce both 7-substituted and unsub-
stituted pyrrolo[2,3-d]pyrimidines [8] using the one
method. Starting with a-hydroxyketones, primary amines
and malononitrile [1), the initial intermediates were
a-aminoketones, which were, without isolation, cyclized to
the 2-aminopyrrole-3-carbonitriles. The reaction was com-
pleted by ring closure with formic acid derivatives, thus
furnished the desired pyrrolopyrimidines. Only a few
primary amines, e.g. anilines with bulky or electron with-
drawing groups in the orthe position, are unsuitable for
this synthetic route. This paper reports the use of amino
sugars and their derivatives as the amine components in
the above synthetic pathway. The resulting heterocycles
from such reactions are of interest as possible analogs of

the naturally occuring antibiotics toyocamycin and tuber-
cidin [3].

Results and Discussion.

According to our previously reported method [4]
malononitrile and an amine are reacted to give a pyrrole,
under these conditions ribosylamine [6] was used as the
amine component however no pyrrole derivative could be
detected. Only the furan 1 has been produced [7]. In the
next step the reactions of l-aminopropan-2-ol (2) and
3-aminopropane-1,2-diol (3) were tested as amine com-
ponents in order to get pyrrolo[2,3-d]pyrimidines with a
partial glycoside moiety. In both cases it was possible to
insert 2 and 3 respectively, to give the pyrrole derivatives
4 and 5a in good yields. But only 4 could be directly cycliz-
ed with formamide [8] to give 6. With 5a the annelation of

the pyrimidine ring was achieved according to a method
described by Taylor [9] which gave 7a in three steps. By
the reaction of Sa with triethylorthoformate the amidine
5c is formed via the iminoether 5b,5¢ cyclized with alkali
to the pyrrolo[2,3-d]pyrimidine 7b. Spectral data did not
show the presence of the dihydroxypropyl moiety
presumably as a result of it also having reacted with tri-
ethylorthoformate. The cleavage of the ester proceeded by
heating 7b in methanolic hydrogen chloride solution
yielding 7a. Since all efforts to introduce the sugar moiety
in the course of pyrrole synthesis had hitherto failed, we
attempted to condense deoxyribose directly with the pyr-
role 9 [19] according to [12a]. Although no visible solubili-
ty of either deoxyribose or the pyrrole could be detected
under these reaction conditions, the N-glycoside 10 was
obtained in 70% yield. Under milder conditions, as
described above, 95% yield could be reached with the pyr-
role being nearly analytical pure. The conversion was also
successful with ribose, yielding the oily product 11. The
amines 12, 14 were also reacted with deoxyribose, the pro-
ducts 13 and 15 resulting. (Schematic representations are
given in Table 1). Because of the previously observed
lability of the furan 14 [21], it is not surprising that the
O-riboside 15 was obtained. Recently Pedersen et al. [12b]
reported also condensation reactions of unprotected deox-
yribose/ribose with various heterocyclic systems with
another method. Hardegger condensed aniline (17) with
deoxyribose to yield 18 [11], the same compound was ob-
tained under our conditions. However the 2-amino-3-
cyano-4,6-diphenylpyridine (19) [22], as an example of an
enaminonitrile system in a six-ring-heterocycle, did not
show any conversion with the sugar, similarly 16 did not
react. It was also disappointing that Davoll’s pyrimidine
20 [23], a synthon for pyrrolof2,3-dJpyrimidine synthesis,
did not show any readiness to react.

The absolute configuration and constitution of 10, 11,
13 and 15 was determined in a similar manner for these
compounds. Consideration of 10 is given below as an ¢x-
ample. Because of the high field shift of C-4' to 66 ppm in
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the **C-nmr-spectrum in comparison with literature data
[24a], the pyranose form was assigned. The triplet at 4.72
ppm with J = 5.5 Hz can be regarded as evidence of a
B-glycosidic linkage. Under different reaction conditions

Dimroth rearrangement failed to convert the exocyclic
sugar moiety to N-1. As a consequence of these results, the
sugar moiety must be introduced in the complete 7-unsub-
stituted pyrrolo[2,3-d]pyrimidine skeleton. Model experi-
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ments regarding nucleophilic substitution show in accord-
ance with recently published work [25a] that after activa-
tion with sodium hydride in dimethyl sulfoxide N-7 is the
main target for alkylation. The reaction of 1-halosugars
with nucleobases being also a nucleophilic substitution,
the attack of the sugar should proceed in parallel to the
N-alkylation reaction.

Table 2
Cytotoxic/antiviral Activity

Compound HSV1 HSV II
500 pug/ml 50 pg/ml 500 ug/ml 50 pg/ml
Sc -t -1 /- -
6 XXXX/- XX/~ XXXX/- XX/~
7a -/~ -/- -I- -I-
T -/XXX -/- -/XXX -I-
Te -IX -/- -IX -/-
10 -Ix -/~ -IxX -/-
11 -I- /- /- -/-
21a XXX/- -/- XXX/- -/-
21b XXx/- x/- XXX/~ x/-
25a XXXX/~ -/x XXXX/- -Ix
25b XXXX/- XX/~ XXXX/~ XX/~
28a -1~ -/- -/- -I-
30 -Ix -/- -Ix -/~

Cytotoxicity: % inhibition of cell growth. Antiviral activity: % re-

duction of plaques.

- : no effect
X :25%
xx : 50%
xxx : 75%
xxxx : 100%

First efforts in this direction were undertaken with the
glycerine derivatives 22-24: experiments with epichloro-
hydrin (22) in propanol/piperidine, or with 1-tosylisopro-
pylideneglycerol (23) in dimethyl sulfoxide, in the
presence of sodium hydride failed. In another attempt to
obtain 7a and 7c we tried to oxidize the 7-allylpyrrolo-
pyrimidines 25a and 25b with potassium permanganate
according to the method of Skaric {27], but this again pro-
ve unsuccessful. The unprotected glycerol-a-chlorohydrin
(24) however furnished the desired products 7a and 7c¢ us-
ing the method described by LaMontagne [26a]. The same
procedure used for synthesizing 7a,c is also applicable to
introduce the 2-hydroxy-ethoxy-moiety 26 [28] into the
molecule. By this method the acyclovir-analogs 27 and 28
of the 7-deazapurines 21a and 21b can be synthesized in
46% yield. Recently Townsend et al. described 2,4-disub-
stituted derivatives of this type [25a]. As complete sugar
component the 1-chloro-3,5-di-p-chlorobenzoyldeoxyribose
was reacted with the 4-aminopyrrolo[2,3-d]pyrimidine 21a.
Removal of the protecting groups in 29 furnished 30 in
good yield. Successful glycosylations of pyrrolo[2,3-d]-
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pyrimidines have repeatedly been reported, using various
conditions, e.g. dimethylformamide/sodium hydride [29a],
phase-transfer conditions [29b] etc. It should be mention-
ed that 4-chloropyrrolo[2,3-d]pyrimidines with a methyl-
thio-functionality in position 2 are selected for glycosyl-
ation to avoid the formation of regioisomers. That means
two further steps are necessary: first removal of the ac-
tivating group in position 2 and second, substitution of the
chloro atom in position 4. Using our method and/or com-
pound 21a the direct conversion of the 4-amino derivative
is possible. Beside this, no regioisomers and no a-anomer
are detectable in 30, Elucidation of the nature and config-
uration of 30, again relies on spectral data. A signal at
6.33 ppm for the anomeric proton and the difference of

0.54 ppm between H-3' and H-4’ are considered as strong
evidence of the furanose structure [24a]. Confirmation of
this is found in the '*C-nmr-spectrum, where the doublet
for C-4' lies in the 87.23 ppm region. The differentiation
between o- and B-linked nucleosides is possible by com-
parison of the chemical shifts of H-3', H-4' and H-5' [24b,
30-32]. The peak width of the multiplet of the 2'protons, in
some references [24a, 33] observed as a distinctive charact-
eristic, cannot be used in this case because the H-2' multi-
plet is overlapped by the methyl-signals of the pyrrolo[2,3-
dlpyrimidine. In the course of these nmr studies for
nucleosides we have found, that all the spectra previously

/

Yy-nmr of 30 in DMSO-dg

L

)

Figure 1. lH-nmr of 30 in pyridine-d,
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reported were be recorded with dimethyl sulfoxide-ds or
deuterium oxide as solvent in spite of the fact that overlap-
ping of signals made the interpretation difficult. In parti-
cular the water peak is a sometimes inevitable disturbing
factor. Therefore it is astonishing that to our knowledge
pyridine-ds has not been used for nucleoside studies in
this field. For comparison Figure 1 shows the 'H-nmr-
spectra of 30 in dimethylsulfoxide-ds and pyrimidine-ds as

solvents. In the latter all signals are shifted downfield and
no disturbing peaks of the solvent or of water are in the
important high field region. Splitting pattern and coupl-
ing constants are more easily recognized and allow for a
better interpretation.

Biological Evaluations.

Compounds 7a and 7c were evaluated for activity
against phytopathogenic germs, but no positive results
were forthcoming. In a further study compounds 7a, 7b,
10, 13, 25a, 25b, 28a and 30 were evaluated for activity
against staphylococcus aureus, pseudomonas aeruginosa
and candida albicans by using agar diffusion test system.
Beside compound 25a, which showed antibacterial activity
at 20 mg/ml and antifungal activity at 2 mg/ml, all com-
pounds gave negative results. Sangivamycin, Toyocamy-
cin and Tubercidin are reported to have antiviral, an-
tineoplastic and antiparastic activity yet their toxicity has
forbidden clinical trails. In recent years however a renew-
ed interest in these antibiotics has been registered [34].
Consequently a number of our compounds were evaluated
for activity against HSV-1 and HSV-2 by using the plaque
reduction assay. Cytotoxicity of each compound was also
examined in mouse embryo cells. Table 2 shows that near-
ly all compounds were inactive.

Nonetheless some results should be mentioned. In par-
ticular it is of interest that the 7-unsubstituted pyrrolo-
[2,3-d]pyrimidines 21a and 21b showed a relatively high
cytotoxicity which disappeared after conversion to the
2'-deoxy derivative 30, or to the 7-[(2-hydroxyethoxy)-
methyl]-derivative 28a or also to the glycerol derivative 7a.
It seems remarkable however that after introduction of an
allyl group in position 7 (25a,b) the cytotoxicity is retain-
ed. The same effect was shown by other substituents in
position 7, like phenyl or saturated alkyl (not reported in
this papelf): It may then be postulated that increasing
lipophilicity in the molecule produces such cytotoxic ef-
fects. It is therefore astonishing that only 7b shows
distinct antiviral effects in high dose (500 pg/ml). Com-
pounds 25b and 28a were further subjected to screening
tests for cytostatics. In the proliferation assay (MTT-
reduction) both compounds showed no activity.
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Melting points (°C) were determined in open capillaries and
are uncorrected. Infrared discs spectra were recorded in
potassium bromide disks on a Perkin-Elmer FT-IR-spectrometer
1750. The 'H- and *C-nmr-spectra were taken on a Bruker AC-80
with TMS as internal standard, 6 {ppm}, ] = Hz. DMS0-ds or

pyridine-ds were used as solvents.

2-Amino-1-2-hydroxypropyl)-4,5-dimethylpyrrole-3-carbonitrile
(4a) and 5,6-Dimethyl-7{2-hydroxypropyl}pyrrolo[2,3-d]pyrimi-
din-4-amine (6).

A mixture of 7.5 g (0.1 mole) of 1-aminopropane-2-ol (2), 8.8 g
(0.1 mole) of acetoin and 50 mg of p-toluenesulphonic acid in dry
benzene was heated with the aid of a Dean-Stark trap until 1.8 ml
of water was separated. After cooling 6.6 g (0.1 mole) of
malononitrile and 1 ml of piperidine were added and the mixture
refluxed for 2 hours. On cooling the solvent was removed on a
rotary evaporator and the residue crystallized from the remain-
ing oil and without purification treated with formamide see (25a),
yield 8.7 g (79%), mp, 234°; 'H-nmr spectrum: § 1.0 (d, 3H, CH;-
CHOH), 2.3 (s, 6H, 4-CH;, 5-CH,), 4.0 (br, 3H, CH-OH, CH,N.),
4.8 (br, 1H, OH), 6.4 (br, 2H, NH,), 8.05 (s, 1H, 2-H).

Anal. Caled. for C,;H,;sN,O (220.27): C, 59.98; H, 7.32; N,
25.44. Found: C, 59.88; H, 7.36; N, 25.64.

2-Amino-142,3-dihydroxypropyl)-4,5-dimethylpyrrole-3-carbo-
nitrile (5a).

A method similar to 4a using 9.2 g (0.1 mole) of
3-amino-1,2-propanediol (3) and 8.8 g (0.1 mole) of acetoin yield-
ed 13.8 g (66 %) of 5a as a viscous brown oil, C,oH,sN,0, (209.25).

4,5-Dimethyl-2-ethoxymethyleneamino-142,3-O-ethoxymethylene-
2,3-dihydroxypropyl)pyrrole-3-carbonitrile (3b).

A solution of 6.5 g (31 mmoles) of 5a, 75 ml of triethylortho-
formate and 50 mg of p-toluenesulfonic acid in ethanol was
refluxed for 3 hours. The reaction mixture was evaporated in
vacuo and the residue was triturated with a few ml of ethanol.
Filtration of the precipitate and recrystallization from ethanol
yielded 7.2 g (73%) of 5b mp, 95°, C,¢H,;N,0, (321.38); 'H-nmr:
5 1.07 (t, 3H, OOCH-OCH,-CH;), 1.28 (t, 3H, NCH-OCH,-CH;),
1.90 (s, 3H, 5-CH,), 2.04 (s, 3H, 4CH,), 3.36 (g, 2H, OOCH-0C-H,-
CH,;), 3.49-4.23 (m, 5H, 4"-H, 5'H, N-CH,-bridge), 4.16 (g, 2H,
NCH-OCH,-CH,), 5.59 (s, 1H, 2"-H), 8.01 (s, 1H, NCH-OCH,-CH5).

2-Aminomethyleneamino-4,5-dimethyl-1{2,3-O-ethoxymethylene-
2,3-dihydroxypropyl)pyrrole-3-carbonitrile (3¢).

Ammonia gas was bubbled through a solution of 1.0 g (3.8
mmoles) of 5b in 40 ml of methanol for 30 minutes. After stand-
ing overnight the solvent was removed under reduced pressure
leaving a final volume of 5 ml. The residue was allowed to stand
overnight at -20° and the precipitate was collected by filtration,
yield 0.23 g (21 %), mp: 100°, C,,H,,N,0; (292.34); 'H-nmr: 6 1.12
(t, 3H, OCH,-CH,), 1.94 (s, 3H, 5-CH3), 2.08 (s, 3H, 4-CH;), 3.50 (q,
2H, OCH,-CHj;), 3.66-4.33 (m, 5H, 4"-H, 5"-H, CH,-bridge), 5.79 (s,
1H, 2"-H), 7.19 (s, 2H, NH,), 7.96 (t, 1H, N=CH-N1%).
5,6-Dimethyl-742,3-0-ethoxy-4-methylene-2,3-dihydroxypropyl)-
pyrrolo[2,3-dlpyrimidin-4-amine (7b).

To a solution of 53¢ in methanol, saturated with ammonia, 0.7 g
of sodium hydroxide was added the mixture was stirred for 6
hours. After concentration of the reaction mixture in vacuo the



Nov-Dec 1990

residual of approximately solution 10 ml was left overnight at
-20°. The resultant precipitate was collected by filtration and
recrystallized from ethanol, yield 0.87 g (78%), mp 171°, *H-nmr:
6 1.11 (1, 3H, CH,-C H,), 2.29 (s, 6H, 6-CH,, 5-CH,), 3.50 (q, 2H,
CH,-CH), 3.79 (q, 1H, 4"-H), 4.05-4.50 (m, 4H, 5'H, CH,-bridge),
5.79 (s, 1H, OOCH-CH,CH,), 6.37 (s, 2H, NH,), 7.96 (s, 1H, 2-H).

Anal. Caled. for C,,H;0N.O;, (292.34): C, 57.25; H, 6.90; N,
19.16. Found: C, 57.58; H, 6.99; N, 19.27.

7-(2,3-Dihydroxypropyl)pyrrolo[2,3-d]pyrimidin-4-amine (7a).
Method A.

A solution of 0.5 g (1.7 mmoles) of 7b in 30 ml of methanol and
20 ml of methanol, saturated with hydrogen chloride gas, was
refluxed for 1.5 hours. The solvent was evaporated in vacuo, the
residue treated with methanol. The filtrate was evaporated to
dryness and the residue recrystallized from methanol, yield 0.3 g
(64%), mp 246°. To receive the free base of 7a the hydrochloride
was dissolved in water and treated with diluted sodium hydroxide
solution. The precipitate was collected by filtration and washed
with cold ethanol and ether, yield 0.15 g (37% referred to 5¢), mp
196-197°,

Method B.

To an ice cooled mixture of 10 ml of absolute dimethy! sulfox-
ide and 0.33 g (11 mmoles) of sodium hydride (80%) was added
with stirring 1.62 g (10 mmoles) of 4-amino-5,6-dimethyl-7(H)
pyrrolo[2,3-dlpyrimidine (21a) [4]. After gas evolution had finish-
ed, 1.22 g (11 mmoles) of 1-chloro-2,3-propanediol (24) was added
and the mixture stirred for 2 hours at room temperature. After
pouring on ice the mixture was left overnight at 4° and the form-
ed precipitate was collected by filtration. Purification by
recrystallization from methanol yielded 1.23 g (52%), mp
196-197°; *H-nmr; 4 2.28 (s, 6H, 6-CH,, 5-CH3), 3.37 (m, 2H, 3"-H),
3.80 (m, 1H, 2'-H), 4.04 (m, 2H, 1'-H), 4.87 (m, 2H, 2'-0H, 3'-OH),
6.36 (s, 2H, NH,), 7.95 (s, 1H, 2-H); **C-nmr: 6 9.54 (q, 6-CH,, ] =
131), 10.58 (q, 5-CH;, ] = 131), 44.74 (1, 1'-C, ] = 146), 63.49 (t,
3-C,J = 146), 70.78 (d, 2'-C, J = 150), 102.20 (s, 5-C), 103.97 (s,
4a-C), 129.76 (s, 6-C), 150.03 (s, 7a-C), 150.21 (d, 2-C, J = 212),
157.07 (s, 4-C).

Anal. Caled. for C,;H,;(N,O, (236.28): C, 55.92; H, 6.83; N,
23.71. Found: C, 56.17; H, 6.72; N, 23.71.

7-(2,3-Dihydroxypropyl)-5,6-dimethylpyrrolof2,3-d]pyrimidin-
-43H)one (7¢).

In a method similar to 7a, method B, 1.63 g (10 mmoles) of
5,6-dimethyl-7(H)}-pyrrolo[2,3-d]pyrimidine-4(3-H)}one (21b) [4]
was reacted with 1.22 g (11 mmoles) of 1-chloro-2,3-propanediol
(24). The mixture was poured on ice and extracted with 1-butanol.
After removal of the solvent in vacuo, 7c crystallized spon-
taneously from the resulting oil. The product was washed with
cold ethanol and ether, yield 0.63 g (25%), mp 254°; 'H-nmr: 8
2.18 (s, 3H, 6-CH;), 2.22 (s, 3H, 5-CH,), 3.13-3.35 (m, 2H, 3"-H),
3.43-3.72 (s, 2H, 1'-H), 4.10 (m, 1H, 2'-H), 4.57 (¢, 1H, 3'-0H, J =
5.3), 4.77 (d, 1H, 2"-H, J = 5.5), 7.65 (s, 1H, 2-H), 11.05 (s, 1H,
NH).

Anal. Caled. for C,,H,sN,0, (237.26): C, 55.68; H, 6.37; N,
17.71. Found: C, 55.79; H, 6.40; N, 17.75.

242-Deoxy-d-erythropentopyranosylamino}4,5-dimethylpyrrole-
3-carbonitrile (10).

A mixture of 1.0 g (7.4 mmoles) of 2-amino-4,5-dimethylpyrrolo-
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3-carbonitrile (9) [18] and 1.0 g (7.5 mmoles) of 2-deoxyribose was
triturated well in a mortar. The mixture was suspended in a solu-
tion of 50 ml of absolute toluene and 0.5 ml of acetic acid and
then vigorously stirred for 2 hours at room temperature. The
residue was collected by filiration and recrystallized from
methanol, yield 1.76 g (95%), mp 18°; *H-nmr: § 1.96-2.03 (m, 2H,
2'-H), 1.84 (s, 3H, 5-CH;), 1.95 (s, 3H, 4-CH,), 3.34-3.91 (m, 4H,
3'-H, 4’-H, 5-H), 4.50 (m, 1H, 5'-0H), 4.72 (1, IH, 1"-H, J = 5.5),
4.84 (m, 1H, 3-OH), 6.58 (d, 1H, NH), 10.08 (s, 1H, 1-NH);
BC-nmr: 6 9.12 (q, 5-CH,, J] = 133), 9.97 (g, 4CH,, J = 133),
34.03 (1, 2'-C, J = 135), 63.74 (t, 5-C, ] = 145), 72.81 (s, 3-C),
79.82(d, 1-C,J = 162), 111.68 (s, 4-C), 116.29 (s, 5-C), 118.08 (s,
CN), 143.47 (s, 2-C).

Anal. Caled. for C;H,;;N,0, (251.29): C, 57.36; H, 6.82; N,
16.72. Found: C, 57.61; H, 6.74; N, 16.83.

2-(d-Erythropentopyranosylamino)-4,5-dimethylpyrrole-3-carbo-
nitrite (11).

In a method similar to 10 1.0 g (7.4 mmoles) of 2-amino-4,5-di-
methylpyrrolo-3-carbonitrile (9) [19] was reacted with 1.13 g (7.5
mmoles) of ribose to yield 0.83 g (42%) of 11, mp 100-113°,
C,.H,,N.0, (267.28); H-nmr: 6 1.77 (s, 3H, 5-CH,), 1.85 (s, 3H,
4-CH,), 3.06-3.52 (m, 5H, 2'-H, 3"-H, 4-H, 5"-H), 4.5 (d, 1H, 1"-H, J
= 8.3), 4.48-4.68 (m, 3H, 2'-0H, 3'-OH, 4'-0H), 6.05 (d, 1H, NH, J
= 09), 9.67 (s, 1H, 1-NH).

2-(2-Deoxy-d-erythropentopyranosyl)amino-4,5-dimethylthio-
phene-3-carbonitrile (13).

A mixture of 14 g (7.4 mmoles) of 12[19] and 1.0 g (7.5 mmoles)
of 2-deoxyribose was triturated and then suspended in 50 ml of
absolute toluene. After addition of 0.5 ml of acetic acid the
suspension was heated with stirring to 80° for 20 minutes. After
cooling the precipitate was collected by filtration and washed
with toluene, yield 1.66 g (84 %), mp 162°; ms: M* 268; 'H-nmr: é
1.82 (m, 2H, 2"-H), 1.99 (s, 3H, 5-CH,), 2.13 (s, 3H, 4-CH,),
3.28-3.92 (m, 4H, 3"-H, 4"-H, 5'-H), 4.53 (m, 1H, 4"-0OH), 4.65 (1, 1H,
1"H,] = 5.25),4.95(d, 1H, 3"-OH, J = 5.5),7.84(d, 1H,NH, ] =
8.0); *C-nmr: 6 11.86 (q, 5-CH,, J] = 138), 12.10 (q, 4-CH,,J =
138), 33.71 (1, 2'-C, J = 125), 64.17 (1, 5'-C, J = 150), 66.24 (d,
4-C, J = 150), 67.27 (d, 3"-C, J = 138),81.29 (d, 1'-C, J = 155),
87.35 (s, 3-C), 116.0 (s, 4-C), 116.54 (s, CN), 128.92 (s, 5-C), 159.09
(s, 2-C).

Anal. Caled. for C,,H,N,0,S (268.33): C, 53.71; H, 6.01; N,
10.44. Found: C, 53.64; H, 6.25; N, 9.72.

7-Allyl-5,6-dimethylpyrrolo[2,3-d]pyrimidin-4-amine (25a).

A mixture of 44.0 g (0.5 mole) of acetoin, 28.5 g (0.5 mole) of
allylamine and 50 mg of p-toluenesulfonic acid was refluxed with
the aid of a Dean-Stark trap. When 9 ml of water were collected,
the mixture was cooled and 33.0 g (0.5 mole) of malononitrile
were added. After additional refluxing for a short time the sol-
vent was removed under reduced pressure. 17.5 g (0.1 mole) of
the resultant oil was refluxed in a mixture of 150 ml of for-
mamide, 50 ml of dimethylformamide and 20 ml of formic acid
(85%) for 6 hours. While standing at 4° a precipitate formed,
which was collected by filtration. For purification the crude pro-
duct was dissolved in water and the solution was neutralized with
a sodium hydroxide solution (10%). The precipitate was collected
by filtration, yield 10.5 g (52%), mp 152°, C,,H,,N, (202.26);
'H-nmr: § 2.19 (s, 3H, 6-CH,), 2.29 (s, 3H, 5-CH,), 4.44-4.92 (m,
4H, 1'-H, 3-H), 5.51-5.98 (m, 1H, 2"-H), 6.19 (s, 2H, NH,), 7.70 (s,
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1H, 2-H).
7-Allyl-5,6-dimethylpyrrolof2,3-dlpyrimidin-43 H)-one (25b).

A mixture of 44.0 g (0.5 mole) of acetoin, 28.5 g (0.5 mole) of
allylamine and 33.0 g (0.5 mole) of malononitrile were reacted as
described for 25a; 17.5 g (0.1 mole) of the resulting oil was reflux-
ed for 5 hours in formic acid (85%). After cooling water was add-
ed up to a volume of 200 m! and the mixture was left at 4° for 2
hours. The precipitate was cooled by filtration, yield 10.0 g
49%), mp 238° C,,H,;N,0 (203.24); ‘H-nmr: & 2.16 (s, 3H,
6-CH,), 2.24 (s, 3H, 5-CH,), 4.5-5.12 (m, 4H, 1"-H, 2" H), 7.7 (s, 1H,
2"-H), 11.35 (s, 1H, 3-NH).

7[(2-Acetoxyethoxy)methyl]-5,6-dimethylpyrrolo[2,3-dlpyrimidin-
4-amine (27a).

Using a method similar to 7a, method B, 1.62 g (10 mmoles) of
21a [4] was converted with 1.68 g (11 mmoles) of 26 [26]. The
reaction mixture was poured on ice and was extracted with ethyl
acetate. The solvent was removed in vacuo and the remaining oil
treated with ethylacetate and left overnight at -20°. The
precipitate was collected by filtration. By concentrating the sol-
vent, further product was obtained, overall yield 2.17 g (78%),
mp 148°; '‘H-nmr: § 1.96 (s, 3H, CO-CH,), 2.28 (s, 6H, 6-CH,,
5-CH,), 3.44-4.19 (m, 4H, CH,-CH,), 5.51 (s, 2H, O-CH,N), 6.44 (s,
2H, NH,), 7.99 (s, 1H, 2-H).

Anal. Caled. for C3H sN,0; (278.30): C, 56.10; H, 6.52; N,
20.13. Found: C, 56.14; H, 6.60; N, 20.25.

74{(2-Hydroxyethoxy)methyl}-5,6-dimethylpyrrolo[2,3-dlpyrimidin-
4-amine (28a).

A solution of 0.7 g (2.5 mmoles) of 27a in absolute methanol
was prepared, 0.2 g of sodium methylate was added and the mix-
ture left overnight. After neutralization with methanol, saturation
with hydrogen chloride gas, and filiration, the filtrate was con-
centrated to about 5 ml. The precipitate was collected by filtra-
tion and recrystallized from methanol, yield 0.27 g (46%), mp:
249°, C,,H,sN,0; (236.27); 'H-nmr: § 2.28 (s, 6H, 6-CH;, 5-CH,),
3.35 (m, 4H, CH,-CH,), 5.50 (s, 2H, 0-CH,-N), 6.42 (s, 2H, NH,),
8.20 (s, 1H, 2-H).

74{2-Deoxy-3,5-di-O{p-chlorobenzoyl)-8-d-erythropentofuranosyl]-
5,6-dimethylpyrrolof2,3-dJpyrimidin-4-amine (29).

In a method similar to 7a, method B, 1.62 g (10 mmoles) of
4-amino-5,6-dimethyl-7(H)-pyrrolof2,3-dlpyrimidine 21a [4] was
reacted with 4.72 g (11 mmoles) of 3,5-di-p-chlorobenzoyl-1-
chloro-2-deoxyribose. The precipitate was collected by filtration
and well washed with water. Purification by column chromato-
graphy (silica, Fa, Merck, 0.2-0.5 mm), solvent ethyl acetate, yield
506 g 91%), mp 105-150°, C;,;H,,N,Os (555.42); 'H-nmr: &
1.87-2.71 (m, 2H, 2"-H), 2.26 (s, 3H, 6-CH,), 2.31 (s, 3H, 5-CH5),
4.36-4.68 (m, 3H, 5-H, 4"-H), 5.81 (m, 1H, 3"-H), 6.44 (s, 2H, NH,),
6.50 (t, 1H, 1"-H, ] = 6.75), 7.45-8.05 (m, 8H, aromat), 8.10 (s, 1H,
2-H).

742-Deoxy-B-d-erythropentofuranosyl)-5,6-dimethylpyrrolo[2,3-d}
pyrimidin-4-amine (30).

To a solution of 0.1 g (1.9 mmoles) of sodium methylate in 80
ml of absolute methanol, 1.0 g (1.8 mmoles) of 29 was added. The
mixture was stirred for 4 hours, concentrated to about 25 ml of
brought to pH 6 with ion-exchange resin (strong acidic, DOWEX
50W=x8, Aldrich). The ion exchange resin and the precipitated
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p-chloromethyl benzoate ester were filtered off and the filtrate
was kept overnight at 4° followed by renewed filtration. The
filtrate was twice refluxed for 30 minutes with active charcoal and
was filtered while still hot. The solution was then evaporated to
dryness and the residue recrystallized from methanol, yield 0.30
g (66%), mp 239°; *H-nmr (pyridine-ds): & 2.1-2.65 (m, 2H, 2"-H),
2.19 (s, 3H, 6-CH,), 2.37 (s, 3H, 5-CH;), 3.60 (m, 1H, 5'-0H), 4.17
(m, 2H, 4"-0OH, 5'-OH), 4.60 (m, 1H, 4'-H), 5.18 (m, 1H, 3'-H), 6.75
(dd, 1H, 1'-H, J, = 6,J R, = 9.5), 8.54 (s, 1H, 2-H); *C-nmr: §
9.90 (q, 6-CH;), 10.38 (q, 5-CH,), 38.36 (t, 2"-C), 62.18 (t, 5'-C),
71.18 (d, 3'-C), 83.71 (d, 1-C), 87.23 (d, 4"-C), 102.91 (s, 5-C),
105.62 (s, 4-C), 128.41 (s, 7a-C), 149.98 (d, 2-C), 157.17 (s, 4-C).

Anal. Caled. for C;3H,sN,O; (278.31): C, 56.10; H, 6.52; N,
20.13. Found: C, 56.23; H, 6.58; N, 19.99.
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