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After standing for 2 days at room temperature, the cyclohexane
filtrate gave a white powder. Recrystallization (hexane) of this
powder afforded 7.0 g (73%) of ethyl 2-carbethoxy-3-dibenzyl-
phosphoryl-3-phenylpropionate (22): mp 85-86°; ir (KBr pellet) »
1715 (C=0), 1228 (C-0), 1153 em~! (P—0); pmr (DCCl;) & 0.90
{t, CHs, 3 H), 1.30 (t, CHs, 3 H), 2.60 (m, HCCH, 2 H), 3.24 (d,
31PCH,CsHs, 2 H), 8.88 (quartet, CHg, 2 H), 4.30 (m, 31PCH,CsHs
and CHy, 4 H), 7.20 (m, 3 C¢Hs, 15 H); mass spectrum (70 eV) m/e
(rel intensity) 433 (M* — C.H;0., 9.0), 388 (71.0), 387 (75.6), 313
(13.2), 230 (63.8), 203 (25.3), 176 (13.2), 139 (78.2), 131 (100.0), 103
(37.9), 92 (29.5), 91 (75.2), 77 (21.1), 65 (27.7), 45 (15.6).

Anal. Caled for CogHg105P: P, 6.47. Found: P, 6.43.

1-Benzyl-2-phenyl-4-carbethoxy-5,5~-dimethylphospholan-
3-one 1-Oxide (23). A slurry of 1.3 g (55.6% in mineral oil, 0.03
mol) of NaH in 50 ml of anhydrous THF at room temperature was
treated with 6.9 g (0.03 mol) of dibenzylphosphine oxide in 50 ml
of THF. The resulting mixture was heated at reflux for 15 min
with vigorous evolution of a gas (presumed Hy) and with formation
of a clear, pale-yellow solution. This solution heated to reflux was
treated (dropwise) with a solution of 6.0 g (0.03 mol) of diethyl iso-
propylidenemalonate!? in 75 ml of THF. After addition, the mix-
ture was boiled for 2 hr and then treated with a slurry of 2.6 g (0.06
mol) of NaH in 50 ml of THF.

After an additional 3 hr at reflux (much gas evolved), the solu-
tion was cooled to room temperature and hydrolyzed (45 ml of 2 N

acetic acid). The solution was concentrated to ~50 ml volume and,

extracted (3 X 75 ml) with HCCl;. The combined organic extracts
were dried (MgSOy) and the solvent was evaporated to a thick yel-
low oil. Dissolution of this oil in boiling diethyl ether and standing
for 2 days at room temperature deposited a white powder. Recrys-
tallization of this powder from cyclohexane~chloroform (5:1) yield-
ed 6.5 g (56.4%) of 23: mp 171-173°; ir (KBr) » 2540 (OH), 1717
(C=0), 1608 (-C=C-), 1107 cm~! (P—0); pmr (DCCls) § 1.28 (m,
CHj, 9 H), 2.16 (m, CH, 1 H), 3.22 (m, 31PCH,C¢H;, OH, 3 H), 4.20
(m, CHy, 2 H), 7.24 (m, 2 C¢Hs, 10 H); mass spectrum (70 eV) m/e
(rel intensity) 384 (M, 18.0), 312 (19.9), 221 (20.9), 155 (22.3), 118
(28.1), 91 (100.0), 90 (18.0), 89 (14.4), 83 (32.4), 65 (14.4), 31 (16.2).
Anal. Caled for CopHo504P: P, 8.06. Found: P, 8.21.

Registry No.—22, 52050-51-8; 23, 52050-52-9; dibenzylphos-
phine oxide, 13238-16-9; ethyl cinnamate, 103-36-6; diethyl benzal-
malonate, 5292-53-5; diethyl isopropylidenemalonate, 6802-75-1.
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By direct application of the Shaw synthesis 8-methyl-9-hydroxypurines were successfully synthesized via the
condensation of benzyloxyamine with the acetimidate from aminocyanoacetamide and triethyl orthoacetate. This
condensation failed with triethyl orthoformate. In a modified sequence of reactions, the cyclization of the conden-
sation product of N- benzyloxyformimidate and aminocyanoacetate to the imidazole was found to be catalyzed by
HCL The use of benzyloxyamine hydrochloride and the formimidate from aminocyanoacetamide also yielded the
requisite imidazole. From the imidazole the title 9-hydroxypurines were obtained.

A recent synthesis of 9-hydroxy-8-methylpurines? in-
volved an application of the Shaw route to 9-alkylpurines.3
In the initial steps the condensation of triethyl orthoace-

tate with 2-amino-2-cyanoacetamide (1) to yield 2, R =
CH3, was followed by condensation with benzyloxyamine to
yield 5-amino-1-benzyloxy-2-methylimidazole-4-carbox-
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NH,
HzN*r = )H” ~ */EN>—

CNI

H,
OC: OCH206H5

3
amide (3, R = CHj;). Attempts to extend this synthesis to

2

9-hydroxypurines with no substituent at position 8 failed.

because benzyloxyamine displaced the imino group rather
than the ethoxy group from the derivative from triethyl or-
thoformate (2, R = H).

Pinner first discovered4 that the imino group of imi-
diates was readily replaced by the oximino group, and Hou-
ben, et al.,5 has demonstrated that good yields of hydrox-
amic esters could be obtained when hydroxylamine in
aqueous solution was shaken with ethereal solutions of im-
idates. There was also a report® that both the imino and the

NH NOH
P e
< + NH,0OH — RC”Z
OC,H,

~
\OCQHs

ether groups of ethyl formimidate hydrochloride were re-

placed by the interaction with benzyloxyamine.

NH,™Cl~ NOCH,CH,
/ 2 2vwglls
uc?” + 2NH,0CH,C.H, — Hc{

\0C2H5 NHOCH,C:H;

Upon further study of the reaction mixture of 2, R = H,
with benzyloxyamine three products were identified, 2-
amino-2-cyanoacetamide (1), ethyl N-benzyloxyformim-
idate (4, R = H), and 5-amino-1-[2-(2-cyanoacetamido)]-
imidazole-4-carboxamide] (5). There are two pathways by

RC

0
/N%HzcsHﬁ
1+ reZ + T
OCiHs HzN N
4, R=H
' NCCHCONH,

5

which the amino intermediate 1 can be regenerated, either
by benzyloxyamine replacement of the imino group, giving
4, or by the direct decomposition of 2.3 1 then reacts with
unchanged 2 to yield 5. It is evident that this reaction of
benzyloxyamine is the type observed by Houben.?

Cook, et al.,” and Miller, et al.,8 have shown that in some
instances the ethoxy group of free imino ethers could react
with 1 to yield imidazoles. A modification of the Shaw?
route to 9-substituted purines was therefore explored, first
to the known 5-amino-1-benzyloxy-2-methylimidazole-4-
carboxamide (3, R = CHj). The condensation of 2-amino-
2-cyanoacetamide (1) with ethyl N-benzyloxyacetimidate
(4, R = CHj) was studied. The latter was prepared by

(0] 0 H
NH, CHO NG
H.N + \CR — HN CR
~ N
CN CH,CH,ON NOCH,CH,
1 4 R=CH, H 6

treating the free amine with triethyl orthoacetate. The
preparation of 3, R = CHj, was carried out in two steps in
refluxing methanol. After several hours tlc indicated the
presence of a new non-uv-absorbing spot and after 24 hr ~1
equiv of concentrated HCI] was added, thus adding a mini-
mum amount of water. The solution was again refluxed for
18 hr or until tlc showed the disappearance of the non-uv-

Watson
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Figure 1.

absorbing material, presumably 6, R = CHjs, and the ap-
pearance of a new uv-absorbing spot which had the same Ry
value and uv spectrum as authentic 3, R = CHj3.2 It there-
fore seemed possible that this procedure, with triethyl or-
thoformate, would yield the required imidazole with R =
H. In the preparation of ethyl N-benzyloxyformimidate,
also from the free amine and triethyl orthoformate, two
products were recognized by glc of the reaction mixture.
They were also separated by preparative tlc, and identified
as the syn and anti isomers of 4, R = H, through their nmr
spectra. It was also possible to separate these on a larger’
scale by column chromatography. Only the one assigned
the anti configuration could be condensed with 1, under the
conditions used for 4, R = CHj, The imidazole 3, R = H,
was obtained in a prohibitively low yield (~ 2%) by this
route, but the results do show that 1 equiv of HCI facili-
tates the ring closure of 6 to 3, with R = CHj or H.

The replacement of the ethoxy group of 2, R = H, with
benzyloxyamine was then reinvestigated. When the hydro-
chloride of the latter was stirred with 2 at room tempera-
ture in ether-methanol, the proposed intermediate 6, R =
H, was obtained. Upon removing the ether followed by pro-
longed refluxing in the methanol, the ring closure to the de-
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Scheme I
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SCH, OCH,C¢H; NH,
10 11

sired 5-amino-1-benzyloxyimidazole-4-carboxamide (3, R
= H) was brought about in an acceptable yield. No HCI
other than that originally added as the benzyloxyamine hy-
drochloride was needed. From 3, R = H, the desired 9-hy-
droxyhypoxanthine (8), guanine (13), and xanthine (15)
were obtained by the general methods previously applied?
to the 8-methyl derivatives. 9-Hydroxyhypoxanthine (8)
was prepared by ring closure with ethyl formate in the
presence of excess NaOEt to give 9-benzyloxyhypoxanthine
(7), and the latter was debenzylated to 8 with HBr.

The cyclization of 5-amino-1-benzyloxyimidazole-4-car-
boxamide (3) to a 9-hydroxyguanine derivative involved re-
fluxing with benzoyl isothiocyanate in acetone to give 5-
(N’-benzoylthiocarbamoyl)amino-1-benzyloxyimidazole-
4-carboxamide (9), which with methyl iodide in dilute sodi-
um hydroxide at room temperature yielded 5-(N’-benzoyl-
methylmercaptocarbamoyl)amino-1-benzyloxyimidazole-
4-carboxamide (10) (Scheme I). When the methyl mercap-
toimidazole derivative, 10, was heated at 100° with 2% NHj;
in ethanol, no displacement of the methylmercapto group
by the amino group was observed, probably because of the
insolubility of 10. With MesNCHO as the solvent® 5-N’-
benzoylguanidino-1-benzyloxyimidazole-4-carboxamide
(11) was obtained, and this was refluxed for 3 hr in 1 N
NaOH to give a mixture of 9-benzyloxyguanine (12) and
benzoic acid. After neutralizing with acetic acid the benzoic
acid was removed by ether extraction and the 9-benzyloxy-
guanine was purified by recrystallization from methanol.
Debenzylation yielded 9-hydroxyguanine (13).

Ring closure of 3, R = H, with diethyl carbonate, as used
previously for the 8-methyl derivative, did not yield 9-ben-
zyloxyxanthine (14). However, by application of the nitro-
sation procedure!® used to convert 1-hydroxyguanine to 1-
hydroxyxanthine,!! 12 or 13 were converted to 9-benzyl-
oxyxanthine (14) and to 9-hydroxyxanthine (15), respec-
tively.

This now makes available all of the possible isomeric N-
hydroxyxanthines. A chromatogram of the four on a
Dowex-50 (H*) column is shown in Figure 1. Parallel as-
says in vivo are How being conducted to establish further

0 0
y )E[ y o W
)E[ ) CH,CON—C=N > HQN)\\N

S o =T -

OCH CeH, OH
7 ‘ 8
0
N N
HN
SO S
N HZN)\ N
OCHZCSHs OCH,CH, OH
12 13
0 0
HN \> __ HN | N\>
O)\N N
Ho|
OCH,C.H, OH
14 15

the relationships between oncogenicity, structure, and

: chemical reactivities.

Certain reactivities of 9-hydroxyxanthine were compared
with those known for the other isomers. Like the’ 31218 and
7 isomers,4 the 9 isomer yields uric acid in hot acetic anhy-
dride. It reacts very slowly because of its insolubility, but
does react readily in trifluoroacetic anhydride. The 1 iso-
mer forms a stable 1-acetoxy derivative under these condi-
tions.13

The acetoxy derivatives of the 3- and 7-hydroxyxzan-
thines have been isolated. They react in neutral‘aqueous
solution at room temperature to yield uric acid.!®1* The
reaction of 3-acetoxyxanthine in water has been character-
ized as the “3-acyloxypurine 8-substitution reaction” 1516
which results in substitution at C-8 by many nucleophiles.
In parallel, some reduction to the parent purine occurs and
an insoluble blue product is also produced. The rapid reac-
tion in water is associated with the ionization of the imid-
azole proton of 3-acetoxyxanthine, which can facilitate the
departure of the acetoxy group from the 3 position.1® The
7-acetoxyxanthine yields the same array of products under
the same mild conditions, and a similar mechanism involv-
ing ionization of the proton at N-3 and departure of the ac-
etoxy group from N-7 was proposed.!* Most purine N-
oxide derivatives are rapidly esterified by acetic anhydride
in buffered aqueous solutions,!? and the ester then reacts
with any nucleophile present. Direct comparisons were
made of the 3-, 7-, and 9-hydroxyxanthines under identical
conditions, followed by chromatographic analyses in which
uric acid, the acetoxyxanthine, 8-methylmercaptoxanthine,
xanthine, and the parent N-hydroxyxanthine could be de-
tected.'” From the 3 and 7 isomers all of those products
could be detected, but 9-hydroxyxanthine remained un-
changed, with no evidence of any formation of an acetoxy
derivative, or uric acid. Presumably a 9-acetoxy derivative
is formed only under vigorous conditions, under which it
yields uric acid immediately.

The lack of reactivity of 9-hydroxyxanthine suggests that
it should not be an oncogen. Reasons for the marked con-
trast between the difficulty of acetylation of the 9 and the
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Table I
Spectral Data and pX Values for 9-Hydroxypurines
pH Species Amax, NI (e X 10-3) pKa
9-Hydroxyhypoxanthine
-1 + 252 (9.1)
0.91 + 0.05
3.3 0 245 sh (9.1) 250 (9.6)
5.18 & 0.02=
7.98 — 235 (24 .4)
10.61 + 0.08
13 -2 228 (18.5) 257 (7.5)
277 sh (4.2)
9-Hydroxyguanine
0 + 252 (10.2) 278 (6.6)
2.12 £ 0.04
4.18 0 207 sh (17.0) 238 (9.2) 253 (9.5)
270 (7.4)
5.91 4-0.04
8.0 -1 234 (24.2) 274 (6.8)
10.70 &= 0.04
13.0 -2 228 (14.9) 272 (8.6)
9-Hydroxyxanthine
2.3 0 235 (6.7) 262 (9.8)
5.06 & 0.04
6.8 -1 219 (18.4) 269 (10.9)
8.41 4 0.07
11.0 -2 224 (24 .9) 273 (8.1)

¢ Potentiometric titration; others spectrophotometrically by methods described. 8,1

ease of acetylation of the 7 isomer are not obvious. By anal-
ogy to previous interpretations,?® the monoanion of 9-hy-
droxyxanthine shows unusually broad absorption maxima,
and an incomplete expression of the strong absorption at
219-224 nm attributable to the nitrone anion (Table I).
These observations are both compatible with the monoan-
ion being a mixture of two species. Ionization of either the
H of the 9-hydroxy group or of the 3-H would lead to a
species which is capable of hydrogen bonding between the
3-H and the 9-N-O-, If such hydrogen bonding be inter-
molecular, the resulting dimer could also explain the ex-
treme insolubility in water of the 9 as compared to the 7 or
3 isomers.

0
N
HN
B
A

Experimental Section

Analyses were performed by Spang Microanalytical Laboratory,
Ann Arbor, Mich. Melting points were obtained with a Mel-Temp
apparatus and are uncorrected. For thin layer chromatography
(tlc) Eastman chromagram sheets with a silica gel layer containing
a fluorescent indicator were used. The uv spectra were determined
with a Unicam SP800A recording spectrophotometer, and nmr
spectra with a Varian A-60 with (CH3)eSO-dg, as solvent and
(CH3)4Si as the internal standard. Silica gel grade 923, 100-
200 mesh, was used for column chromatography. The gas-liquid
chromatography (gle) was carried out with an Aereograph Model
A-90-P.

Ethyl N-Benzyloxyacetimidate (4, R = CHj). Benzyloxyam-
ine (6 g, 0.05 mol) and 80 ml of triethyl orthoacetate were warmed
on a steam bath for ~2 hr, when tlc and glc of the reaction mixture
indicated the absence of benzyloxyamine and the appearance of a
new uv-absorbing material. The solvent was removed in vacuo and
the pale yellow oil was chromatographed on silica gel with a 1:1
mixture of petroleum ether-ether. Traces of triethyl orthoacetate
" were eluted first, followed by ethyl N-benzyloxyacetimidate,
which was obtained as a colorless oil upon evaporation (7.5 g, 80%):

nmr § 7.38 (S, 5, CeHsCHz), 5.07 (S, 2, OCHzCsH5), 4.00 (q, 2,
OCH.CHj3), 1.94 (s, 3, CH3), 1.21 (t, 3, CH.CH3).
5-Amino-1-benzyloxy-2-methylimidazole-4-carboxamide

(3, R = CHj). 2-Amino-2-cyanoacetamide (2.5 g, 0.025 mol) and
ethyl N-benzyloxyacetimidate (4.756 g, 0.025 mol) in methanol
were refluxed with stirring for 24 hr. Tlc in 3:1 chloroform-ethanol
showed a new spot when the plate was developed with iodine. An
equivalent of concentrated HCl was added and the reaction mix-
ture was refluxed for 18 hr until the tlc indicated the presence of
both starting materials and the imidazole, and the absence of the
non-uv-absorbing material, in that sequence. The solvent was re-
moved in vacuo, leaving a dark red semisolid which was chromato-
graphed over silica gel. Elution with chloroform gave ethyl N-ben-
zyloxyacetimidate as an oil, and chloroform-ethanol (9:1) then
gave 3, R = CHj, as white plates (816 mg, 13%), mp 208-209° dec
(from ethanol); The uv, ir, and nmr were identical with those of an
authentic specimen.?

Ethyl N-Benzyloxyformimidate (4, R = H). Benzyloxyamine
(12 g, 0.1 mol) and 150 m] of triethyl orthoformate were warmed on
a steam bath and the reaction was monitored as in 4, R = CHg. In
this experiment two new uv-absorbing spots were present. The sol-
vent was removed in vacuo to leave a pale yellow oil. The two
major products were separated by chromatographing the oil on sil-
ica gel with petroleum ether-ether (1:1). These were identified
from their nmr spectra. The first, a colorless oil (7.19 g), was as-

_signed the anti ethyl N-benzyloxyformimidate structure, and the
second, also a colorless oil (4.73 g), was assigned the syn structure,
from their nmr: anti nmr § 860 (s, 1, N=CH), 7.34 (s, 5,
CHyCgHs), 4.89 (s, 2, OCHCeHs), 4.00 (g, 2, OCH2CH3), 1.22 (t, 3,
CH,CH3); syn nmr 6 7.34 (s, 5, CH2CgHj3), 6.83 (s, 1, N=CH), 4.90
(s, 2, OCH2CgH5), 4.01 (q, 2, OCH,CHj3), 1.20 (t, 3, CH2CH3).

Ethyl N-(Carbamoylcyano)methylformimidate (2, R = H).
2-Amino-2-cyanoacetamide (9.9 g, 0.1 mol) and 150 ml of triethyl
orthoformate were stirred at 90° for ~ 3 hr, by which time tlc
(chloroform—-ethanol, 19:1) showed the absence of 1, the presence
of the imino ether 2, R = H, and a uv-absorbing spot at the origin.
The reaction mixture was cooled, 600 ml] of petroleum ether was
added, and it was kept at —10° until the precipitation was com-
pleted. The solid was collected and washed with petroleum ether.
Chromatography over silica gel with chloroform—ethanol (19:1)
gave the imino ether 2, R = H, as fine crystals (6.85 g, 44%): mp
86-87° (lit.> mp 86-87°); nmr § 7.99 (s, 1, N=CH), 7.61 (d, 2,
CONH,), 528 (s, 1, CH), 4.23 (g, 2, OCHyCHj3), 1.25 (t, 3
CH,CH3).

5-Amino-1-benzyloxyimidazole-4-carboxamide (3, R = H).



9-Hydroxypurines

A. Either the syn or anti 4, R = H, isomer (4.48 g, 0.025 mol) from
the foregoing and 2-amino-2-cyanoacetamide (2,5 g, 0.025 mol) in
methanol were refluxed with stirring for 24 hr and the mixtures
were treated as described for 3, R = CHj;, The imidazole was
formed only from the anti iomer, as indicated by tlc. The red oily
residue obtained was chromatographed over silica gel with chloro-
form to yield some unreacted 4, R = H. Elution with chloroform-
ethanol (19:1) then gave 5-amino-1-benzyloxyimidazole-4-carbox-
amide (3, R = H), as white plates (113 mg, 2%), mp 168-169°.

B. The formimidate 2 (7.9 g, 0.05 mol) and benzyloxyamine hy-

drochloride (8 g, 0.05 mol) were stirred in ether-methanol (400 ml,

3:1) at room temperature for 24 hr. The white precipitate was col-
lected and washed with 40 ml of reaction solvent to yield 4 g of 5-
amino-1-[2-(2-cyanoacetamido)]imidazole-4-carboxamide, mp
212-216° (lit.3 mp 212-216°). A tlc of the filtrate showed that it
contained four products: ethyl N-benzyloxyformimidate (4), the
intermediate 6, 2-amino-2-cyanoacetamide (1), and traces of 5.
The ether was removed by distillation and the methanol solution
was refluxed for ~18 hr or until tle indicated complete loss of the
intermediate and the formation of the required imidazole. The sol-
vent was removed in vacuo to give a dark red, gum-like product
which was chromatographed over silica gel with chloroform to give
4. Elution with chloroform-ethanol (19:1) gave the imidazole. Re-
moval of solvent and recrystallization from acetone-petroleum
ether afforded white needles (1.63 g, 15%): mp 168-169°; uv Ayay
(EtOH) 263 nm (e 11.8 X 103); nmr § 7.43 (s, 5, CHCeHs), 7.17 (s,
1, 2-CH), 6.71 (s, 2, CONHy), 5.87 (s, 2, CNHy), 5.16 (s, 2,
OCH.CgH3).

Anal. Caled for C1H1aN4O2: C, 56.89; H, 5.21; N, 24.12, Found:
C, 56.71; H, 5.28; N, 24.06.

9-Benzyloxyhypoxanthine (7). 5-Amino-1-benzyloxyimidaz-
ole-4-carboxamide (3, 464 mg, 0.002 mol) and ethyl formate (1.2
ml, 0.02 mol) were refluxed for 4 hr with sodium (460 mg, 0.02 mol)
in 40 ml of ethanol. Water (40 ml) was added to the cooled reaction
mixture to dissolve the precipitate. When acidified with acetic
acid, the 9-benzyloxyhypoxanthine precipitated and was collected
and washed with water. Recrystallization from ethanol-water gave
the product, 7, as white plates (358 mg, 74%): mp 222-223°; uv
Amax (PH 1) 254 nm (¢ 12.1 X 103), Anax (pH 13) 246 nm (e 11.1 X
103), 249 (11.8 X 10%); nmr § 8.20 (s, 2, 2-CH, 8-CH), 7.50 (s, 5,
CHQCGH5), 5.46 (S, 2, OCHQCSH5), 12.5 (br, 1, l-NH).

Anal. Caled for C12H1gN4Os: C, 59.50; H, 4.16; N, 23.13. Found:
C, 59.70; H, 4.30; N, 23.21. ‘

9-Hydoxyhypoxanthine (8). 9-Benzyloxyhypoxanthine (7, 242
mg, 0.001 mol) was warmed on a steam bath in 4 ml of 32% HBr in
glacial acetic acid for 8.5 hr. The reaction mixture was cooled and
the HBr salt was removed by filtration and washed with several
portions of ether. The product was dissolved in hot water contain-
ing a few drops of concentrated ammonia, treated with charcoal,
and precipitated with acetic acid. The 9-hydroxyhypoxanthine was
collected, washed with water, ethanol, and ether, and dried at 78°
over P2Oj5 (118 mg, 79%); for uv data see Table I.

Anal. Caled for CsH4N4Og: C, 39.48; H, 2.65; N, 36.83. Found: ,
39.57; H, 2.64; N, 36.86.

5-(N'-Benzoylthioearbamoyljamino-1-benzyloxyimidazole
4-carboxamide (9). The imidazole 3 (1.16 g, 0.005 mol) was dis-
solved in hot acetone (200 ml) and 100 ml of acetone solution con-
taining 1.1 equiv-of benzoy! isothiocyanate was added. The mix-
ture was refluxed for ~6 hr, when tlc in ethyl acetate indicated the
absence of 3. The acetone was removed in vacuo and the yellow oil
was chromatographed on silica gel. Eluting with chloroform re-
moved the excess benzoyl isothiocyanate. The thioureidoimidazole
9 was then eluted with chloroform-ethanol (19:1). Upon removing
the solvent a yellow, gum-like product was obtained that could not
be crystallized. Tlc on silica gel showed that it was chromatograph-
ically homogeneous and its nmr indicated that it was the requisite
compound. This was used directly in the next step: nmr & 8.09 (m,
2, COCgHs), 7.94 (s, 1, 2-CH), 7.66 (m, 3, COCgHs), 7.42 (s, 5,
-—CHQCGHS)) 5.38 (S, 2, OCH205H5), 7.25 (b!‘ 8, 2, CONHQ), 11.99 (d,
2,-NHCSNH-).

5-(N’-Benzoyl-S -methylthiocarbamoyl)amino-1-benzyl-
oxyimidazole-4-carboxamide (10). The thioureidoimidazole 9
was dissolved in 0.1 N NaOH (100 ml) and treated with 0.5 ml of
methyl iodide at room temperature. The mixture was stirred for 6
hr and the solution was then adjusted to pH 5 with glacial acetic
acid and extracted several times with chloroform (100 ml). The
combined chloroform extracts were dried (NaxSO4) and evapo-
rated in vacuo. The residue was triturated with ethanol and col-
lected. Recrystallization from CHCl:-EtOH produced white nee-
dles of 10: yield 623 mg (61%) based on 3; mp 193-195°; nmr & 7.68
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(m, 5, COC¢Hs, 2, CONHy), 7.45 (s, 1, 2-CH), 7.35 (s, 5, CHoCsH3),
5.29 (s, 2, OCH,CeHs), 2.51 (s, 3, SCH3), 11.88 (s, 1, =CNH).
Anal. Caled for CooH19N503S: C, 58.67; H, 4.68; N, 11.72; S, 7.83.
Found: C, 58.61; H, 4.70; N, 11.75; S, 7.78.
5-N’-Benzoylguanidino-1-benzyloxyimidazole-4-carbox-

‘amide (11). 10 (402 mg, 0.001 mol) was treated with 50 ml of 2%

NH3 in (CH3)eNCHO at 120° in a steel bomb for 8 hr, when the
odor of methyl mercaptan could be recognized. The solvent was re-
moved in vacuo to yield 11, Tlc (chloroform as a solvent) showed
the residue to be chromatographically pure and it was used for the
preparation of 12,

9-Benzyloxyguanine (12). To the glass-like residue of 11 was
added 30 ml of 1 N NaOH and the solution was warmed on a steam
bath for 3 hr. The reaction mixture was cooled and acidified to pH
5 with concentrated HCL. The white precipitate was collected and
benzoic acid was removed by several extractions, or by continuous
extraction, with hot ether. The solid residue was dissolved in
methanol, after charcoal treatment, affording 9-benzyloxyguanine
(12) as white plates: yield 170 mg (67%) based on 10; uv Apax (PH
1) 255 nm (e 12.4 X 10%), 275 (8.2 X 103); Amax (pH 13) 259 sh nm (e
10.8 X 108), 268 (11.6 X 10%); nmr 6 7.61 (s, 1, 8-CH), 7.39 (s, 5,

- CH3CeHs3), 6.62 (br, s, 2, NH,), 5.30 (s, 2, OCH206H5), 11.66 (s, 1,

1-NH).

Anal. Caled for C12H11N509: C, 56.02; H, 4.31; N, 27.22. Found:
C, 55.85; H, 4.31; N, 27.13.

9-Hydroxyguanine (13). The debenzylation of 12 (129 mg,
0.0005 mol) was carried out as above. The free base was obtained
from the HBr salt by dissolving in hot dilute ammonia, treatment
with charcoal, and precipitation by glacial acetic acid. The white
crystals of 13 were collected, washed with water, ethanol, and
ether, and dried in vacuo over P05 at 78°: yield 65 mg (74%); uv
data, see Table L. -

Anal. Caled for CsH5N;502-16H0: C, 84.10; H, 3.43; N, 39.76.
Found: C, 34.14; H, 3.32; N, 39.83.

9-Benzyloxyxanthine (14). A suspension of 9-benzyloxyguan-
ine (12, 257 mg, 0.001 mol) in 50 ml of 2 N HCl was stirred at room
temperature, and a solution of 2 M NaNO; was added dropwise for
30 min. After stirring overnight the reaction mixture was evapo-
rated to dryness in vacuo, and the solid residue was dissolved in
methanol-water and chromatographed on Dowex 50 (H*), A trace
of 9-hydroxyxanthine was eluted with 1 N HCL Further elution
with 2 N HCI gave 9-benzyloxyxanthine as a white solid. Recrys-
tallization from acetone afforded white crystals of 14: 155 mg
(52%); UV Amax (DH 1) 238 nm (e 8.1 X 109), 261 (10.6 X 103); Amax
(pH 13) 249 nm (¢ 10.1 X 103), 276 (9.9 X 10%); nmr 5 7.70 (s, 1, 8-
CH), 7.47 (s, 5, CHoCgH3), 5.27 (s, 2, OCHpCgHj), 10.81 (brs, 1, 1-
NH), 12.20 (br s, 1, 3-NH).

Anal. Caled for C12H10N4Os: C, 55.81; H, 3.90; N, 21.69. Found:
C, 55.62; H, 4.13; N, 21.79.

9-Hydroxyxanthine (15). The debenzylation of 14 (129 mg,
0.0005 mol) was carried out. The free base, 15, was obtained from
the HBr salt by digsolving in hot dilute ammonia, treatment with
charcoal, and precipitation by glacial acetic acid. The white crys-
tals were collected, washed with water, ethanol, and ether, and
dried in vacuo over P3Oy at 78°: yield 66 mg (73%); uv data, see
Table L.

Anal. Caled for CsH4N,Og: C, 35.72; H, 2.40; N, 33.32. Found: C,
35.54; H, 2.52; N, 33.38.

Reaction of 9-Hydroxyxanthine with Acid Anhydrides. 15
(10 mg) was refluxed in 5 ml of trifluoroacetic anhydride for 8 hr.
After evaporation and dissolving in a few drops of NaQOH, the reac-
tion mixture was then chromatographed on Dowex 50 (H*). Elu-

. tion with water gave uric acid as the major product. A few micro-

grams of 15 in a few drops of acetic anhydride was heated to near
dryness and the presence of some uric acid was shown on an ana-
lytical chromatogram.

The reactivities of the 3, 7, and 9 isomers were compared in an
esterification in buffered aqueous solutions, which contained me-
thionine, followed by analysis of the products on a standardized
Dowex 50 column eluted with 0.05 N HCL? At short reaction
times, 2-3 min, the 3 and 7 isomers showed evidence of the forma-
tion of acetoxy derivatives, and after 1-16 hr showed maximal for-
mation of 8-methylmercaptoxanthine.2! Under both conditions 9-
hydroxyxanthine remained unchanged.
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Reaction of the deuterium-labeled N-oxide 4 with acetic anhydride and acetyl chloride is highly stereospecific
in that abstraction of syn deuterium leads to syn acetate 5, while abstraction of anti hydrogen leads to anti ace-
tate 6; anhydro base 8, in which the acetate function can rotate about the N-O axis, cannot, therefore, be an inter-
mediate in these reactions. In reactions with acetyl chloride a bimolecular component of reaction diverts signifi-
cant quantities of intermediate normally leading to anti acetate 6 to anti chloride 10; the latter retains 95% of syn-
deuterium label. Reaction of the unlabeled N-oxide of 4 with acetic anhydride-180 shows that both syn and anti
acetates are formed both by intramolecular transfer of N-acetate to the benzylic carbon atom (78.8 and 73.9%, re-
spectively) and by a process involving return of external acetate (21.2 and 26.1%, respectively). Distribution of 130
label in both the CO and C=0 functions of derived acetates has been determined.

The mechanism of reaction of alkylpyridine N-oxides
with acid anhydrides (Scheme I) and acid halides has been
studied in great detail, and reviewed.? In reactions leading
to substitution at the a-carbon atom it is generally thought
that (1) step 1 is reversible,* (2) step 2 is generally rate de-
termining,* (3) anhydro base (1) is an intermediate,® (4)
step 3 involves heterolytic cleavage of the N-O bond (2),
and (5) step 4 is intramolecular in that it does not involve
capture of external acetate.47

The recent availability of syn-deuterium labeled 42 has
provided an opportunity to consider the stereochemical as-
pects of such reaction for the first time. The reaction of 4
with acetic anhydride is summarized in Scheme II.

Reaction of 4 with acetic anhydride gives syn and anti-
acetates 5 and 6 in the ratio of 1:4 as compared to a ratio of
1:1.1 when unlabeled?® 4 is employed. This isotope effect is
consistent with previous observations that proton removal
(step 2, Scheme I) is rate determining.# What was not an-
ticipated was the stereospecificity observed; syn acetate 5
was formed almost exclusively (95%) by removal of deuteri-
um, while anti acetate 6 was formed almost exclusively by
removal of anti hydrogen (97%). Reaction of 4 with p-tolu-
enesulfonyl chloride led exclusively to syn tosylate, as pre-
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