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Lithium diisopropylamide used as a base in the Claisen condensation of alkylac,etatés and cyclo-
alkylacetates with ethyl formate or acetate gave substantially higher yields of B-oxo esters than
sodium hydride or sodium bis(trimethylsilyl)Jamide. Reaction of the obtained B-oxo esters with
thiourea in an alkaline medium afforded 5- or 5,6-disubstituted 2-thiouracils /6— XZIb which on
subsequent reaction with chloroacetic acid were transformed into the uracil derivatives la— Xlla.
The UV spectra of uracils substituted in the positions 5 or 6 with cyclopropane ring exhibit in the
265 nm region bathochromic shifts of 1 to 6'5 nm as compared with the correspondingly substi-
tuted alkyl derivatives. A qualitative correlation of these shifts with the electron deficit on the
carbon ator bonded to the cyclopropane ring was attempted.

For our spectral and photochemical studies we needed a series of uracils, substituted
in the positions 5 and 5,6 with alkyl or cycloalkyl groups. Since the substituted
acetic acids XVIII—XXI are easily accessible, the method of Burckhalter and Scar-
borough' seemed to be suitable for the preparation of the compounds fa—VIIIa.
This method, however, gives low yields caused by difficult formylation of alkyl-
acetates. Draminski and Fiszer?+> obtained significantly higher yields of S-alkyluracils,
by using triphenylmethyl sodium instead of the usually employed sodium!*~¢
or sodium hydride”'® as condensation agent in the formylation of esters of alkyl-
acetic acids with ethyl formate. Although triphenylmethyl sodium proved to be
efficient in the mentioned formylation?' and also in other Claisen condensations?**°,
its preparation is not facile and it is very sensitive to the air oxygen. Moreover,
triphenylmethane derivatives, present in the reaction mixture, make the product
isolation difficult and do not allow a direct photometric monitoring of the formyla-
tion. For all these reasons we tried sodium bis(trimethylsilyl)amide'! as a base.

Methyl 3-methylbutanoate reacted with ethyl formate in the presence of the above-
-mentioned base to give methyl 2-formyl-3-methylbutanoate which on reaction with

* Part CIC in the series Nucleic Acids Components and Their Analogues; Part CXCVIII:
This Journal 44, 976 (1979). :
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Synthesis of Uracils 2427

thiourea in an alkaline medium afforded 5-isopropyl-2-thiouracil (XIb) in 13% yield
(based on the starting methyl 3-methylbutanoate), whereas with sodium hydride the
compound XIb was obtained in yields not higher than 5%. The formylation of methyl
3-methylbutanoate must be performed in an excess of ethyl formate, otherwise self-
-condensation takes place and the reaction with thiourea leads to the compound
VIb. This self-condensation is accompanied by formation of 3-methylbutanamide

TasLe 1

Yields and Melting Points of 5-Substituted and 5,6-Disubstituted 2-Thiouracils, Prepared Using
Lithium Diisopropylamide

R! Yield?, o M.p., °C
Compound e >
mpoun R? method solvent
b cyclo-C3H; 21-5 208—209
CH,; B (methanol)
11b CH, 235 220—230
cyclo-C3Hg B (methanol)
i cyclo-C3Hs 125 197—198
cyclo-C3Hs—CH, B (methanol)
Vb CH(CHS,), 102 257—258°
CH, B (ethanol)
4] CH; 12:6 179—180
CH(CH,), B (ethanol)
Vil cyclo-C4H, 53-7 206—208
H B (ethanol)
Vil cyclo-CsHg 489 233—234
H B (ethanol)
IXb cyclo-C3Hjg 44-0 210—212°
H A (methanol-water)
Xb (CH,),CH, 38-0 160—1614
H B (water)
XIb CH(CHj3), 310 237—239°
H A (acetic acid-water)
XIb C(CH,3);3 253 280— 300 (decomposition)
H B (acetic acid-water)

9 Yields based on the starting methyl esters of substituted acetic acids; ? ref.28 257-5°C; © ref 8
211—212°C; ¢ 159—161°C, (ref.%), 161—163°C (ref.*); © 238—239°C (ref.?), 242—244°C (ref.*);
T ref.3 321—325°C (sublimation).
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2428 Ba3nak, Farka$:

and 5-methyl-2-(1-methylethyl)-3-oxohexanamide as side-products. Attempted formyl-
atjon of methyl 3,3-dimethylbutanoate in the presence of sodium bis(trimethylsilyl)-
amide did not afford detectable amounts of the desired formyl derivative.

Recently, lithium salts of dialkylacetic acids'? and esters of alkylacetic acids!'?
were reported to be acylated using lithium diisopropylamide. The yields of these
acylations are satisfactory and they are not significantly affected by steric factors.
We formylated therefore methyl 3‘,3-dimethylbutanoate in the presence of lithium
diisopropylamide and subjected the product to reaction with thiourea, The overall
yield of the resulting 5-tert-butyl-2-thiouracil (XIIb) was 25%, comparable with that
reported®® for using triphenylmethyl sodium in the formylation reaction. The ad-
vantage of using lithium diisopropylamide is its facile preparation and easy isolation
of the products. Moreover, the formylation course can be followed spectrophoto-
metrically since B-oxo esters in alkaline medium exhibit a strong absorption band
at about 275 nm,

Similarly to the compound XIIb we prepared the derivatives Ib— Vb and VIIb—XIb
some of which have already been described (see footnotes in Table I). Our method

TasLg 11

UV Spectra of 5-Substituted and 5,6-Disubstituted Uracils Ia— XIla and Standards Xilla—
XVlIla in Methanol

Compound” R! R? Anaxs DT loge
Ia cyclo-C3Hj CH,4 268-0 3-96
Ila CH,3 cyclo-C3H; 272:0 4-06
Illa cyclo-C3Hy cyclo-C3H;-CH, 2720 4:06
IVa CH(CH3), CH, 267-0 399
Va CH; CH(CH,), 2670 3-97
Via CH(CHjy), CH,CH(CH3;), 2680 3-99
Vila cyclo-C4H, H 2660 393
Villa cyclo-CsHg H 265-0 3-87
IXa cyclo-C3H; H 269:0 3-88
Xa CH(CH3), H 2630 392
Xia (CH,),CH; H 264-5 3-97
Xlla C(CHy), H 260-0 390
Xllla C,H; H 264'5 392
XIVa H cyclo-C3H; 267-0 3-96
XVa CH, CH, 2670 4:00
XVia CH; H 264'5 3-97
XVlla H CH,4 260-0 392

° For preparation of the compounds IXa— XVa see references®™31>31:8 and 33, respectively.
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affords satisfactory yields particularly for 5-cycloalkyl-2-thiouracils (Table I). The
low yields of 5,6-disubstituted 2-thiouracils Ib—1Vb are probably due to a lower
reactivity of the acetyl than of the formyl group towards the carbanion. The B-oxo
esters were not isolated, except for methyl 2-formyl-3-methylbutanoate (XXII)
and methyl a-formylcyclopropylacetate (XXIII). As shown by 'H-NMR spectra,
both these compounds exist as tautomeric mixtures: the enol form prevails in XXI1I
whereas the compound XXII exists predominantly in the keto form. The higher
population of the enol form in the former ester is probably due to the conjugative
effect’#!8 of the cyclopropane ring. Attempted preparation of 5,6-dicyclopropyl-
-2-thiouracil by reaction of methyl cyclopropylacetate with methyl cyclopropane-
carboxylate in the presence of lithium diisopropylamide afforded an enolate which
on subsequent reaction with thiourea was transformed into the compound IIIb,
whose structure proves self-condensation of methyl cyclopropylacetate during the
reaction.

The 2-thiouracils Ib—XIIb were transformed in high yields into the uracil deriva-
tives Ia—XIIa by reaction with chloroacetic acid!>.

TabLE 111

UV Spectra of 5-Substituted and 5,6-Disubstituted 2-Thiouracils 16— X116 and the Standards
XIII— XVIIb in Methanol

Compound” R! R? Amgx> MM (loge)
Ib cyclo-CyHs CH, 220-0 (4-12)  281-0 (4-26)
i) CH, cyclo-C;H; 220-0 (4-09) 2780 (4-24)
1Ib cyclo-C3Hs cyclo-C3Hs—CH, 220:0(413) 280-0 (4-27)
e CH(CH,), CH, 220-0(4-24) 2790 (4-33)
7 CH,3 CH(CH,), 220-0 (4-17)  282:0 (4-30)
Vib CH(CH3), CH,CH(CH;),  220-0(4-16) 281-0(4-30)
viib cyclo-C,H; H 218-0 (4-18) 279-0 (4-27)
viiib cyclo-CsH, H 2175 (419) 2780 (4-24)
IXb cyclo-C3Hj H 2180 (4-17) 2780 (4-29)
Xb (CH,),CH; H 216-0 (4-20) 277-0 (4-27)
XIb CH(CH3), H 217-0 (4-18)  277-0 (4-29)
XIIb C(CH3); H 215-0 (4-13) 2770 (423)
XII1b C,H; H 215-5 (4-23) 2765 (4-30)
XIvh H cyclo-C3Hy 2745 (4-29)
XVb CH,3 CH, 218-0 (4-19) 279-0 (4-25)
Xvip CH, H 2155 (4:19)  276:0 (4:25)
Xvilb H CH, 213:5 (4-19) 2770 (4-18)

“ For preparation of the compounds XIIIb— X Vb see references’ 2% and 34, respectively.
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Ultraviolet Spectra

Since the 5,6-disubstituted uracils Ja — VIa and 2-thiouracils Ib — VIb were sparingly
soluble in water, the spectra of the synthesized compounds and the standards Ja—
XVIla were measured in methanol (Table II and III). The long-wavelength band
of 5-alkyl- and 5,6-dialkyluracils (Table II) is practically independent of the alkyl
group structure, except the case of the isopropyl and tert-butyl groups (compounds
XIa and XIla) which cause a small hypochromic shift. (This shift was not observed
in the spectra of the compounds XIa and XIIa taken in 0-1M-HCI solution®). Of
5-cycloalkyluracils, 5-cyclopropyluracil (1X a) exhibits the greatest bathochromic
shift. The small shift to longer wavelengths, found for 5-cyclobutyluracil (VIIa),
corresponds to low conjugation ability of the cyclobutane ring*6:'”. Cyclopropyl-
uracils with methyl group in the vicinity of the cyclopropyl group (compounds Ia and
I1a) exhibit bathochromic shifts smaller than those found for 5- and 6-cyclopropyl-
uracil (the shifts relate to 5,6-dimethyluracil and 5- and 6-methyluracil). This lower
bathochromic shift, observed for the compounds Ia and Ila, can be ascribed to the
steric effect of the vicinal methyl group which forces the cyclopropane ring to deviate
form the “bisected” conformation'4, decreasing thus its conjugation ability!®.

o
AL

N R?

i

Iu—XIla; X =0 Ib—-X1b; X =S

I; R! = cyclo-C3Hy, R? = CH,
II; R' = CH,. R?* = cyclo-C,H;
I11; R' = cyclo-CyHy, R? = cyclo-C H;CH,
IV R' = CH(CH,),, R? = CH,
¥V R' = CH,. R* = CH(CH,),
VI; R' = CH(CH,),. R* = CH,CH(CH,),
VII; R* = cyclo-C,H,, R*=H
VIII; R' = cyclo-CsHy, R* = H
IX; R' = cyclo-C Hg, R* = H
X: R! = (CH,),CH,, R* = H
XI; R* = CH(CIL,),, R* = H
XII; R' = C(CH,);, R* = H

RCH,COOH

XVIII; R = cyclo-C H, XX; R = cyclo-CsH,
XIX; R = cyclo-C,H, XXI; R = CH(CH,),
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The conjugation ability is suppressed probably also by the +1I effect of the methyl
group. According to Kellogg and Buter!®, the conjugation ability of the cyclopropane
ring is enhanced by an electron deficit on the carbon atom adjacent to the cyclo-
propane ring. The decrease in the electron deficit on the double bond carbon atoms
in uracil, caused by the attached methyl group, reduces thus the conjugation ability
of the cyclopropane ring in the compounds Ia and Ila. The higher bathochromic
shift in 6-cyclopropyluracil than in 5-cyclopropyluracil can be due to a greater
electron deficit on the carbon atom Cg, than on the carbon Cgs, of the uracil nu-
cleus?®. However, this hypothesis is not able to explain why the compound Illa
has a higher bathochromic shift than the compound Ia.

UV spectra of the 2-thiouracils Ib—X1Ib and the corresponding standards (Table
III), measured in methanol, display an absorption maximum at long wavelengths;
its position depends less on the structure of the substituents than found for the cor-
responding uracil derivatives (Table H). The unsymmetrical character of the ab-
sorption curve of 2-thiouracils at ~270 nm indicates the presence of at least two
electronic transitions in this region.

EXPERIMENTAL

Analytical samples were dried at 25°C/6:6 Pa. Melting points were determined on a Kofler
block. UV spectra were measured on a Specord UV VIS (Zeiss, Jena) instrument, IR spectra
on a UR-10 (Zeiss, Jena) spectrophotometer. Mass spectra (70 eV) were taken on a mass spectro-
meter MS 902. 'H-NMR spectra were measured on Varian HA (at 100 MHz) and Tesla BS 467
(at 60 MHz) instruments using tetramethylsilane as internal standard; chemical shifts are given
in ppm. Elemental analyses were carried out in the Analytical Laboratory of this Institute (Dr J,
Horac¢ek, Head). Gas-liquid chromatography was performed on a Chrom 1II instrument (Labora~
torni pfistroje, Prague).

Starting Compounds

Methyl 3-methylbutanoate?! (b.p. 115-5°C/100 kPa; nZ® 1:3932) was prepared by esterification
of 3-methylbutanoic acid (Lachema, Brno, Czechoslovakia). Methyl cyclopropylacetate (b.p.
125°C[100 kPa; né" 1-4200) was synthesized according to a known® procedure. The preparation
of methyl cyclobutylacetate by Wolff rearrangement of cyclobutyl diazomethyl ketone“, cata-
lysed by silver benzoate??, is described below. Methyl cyclopentylacetate (b.p. 178—179°C/100
kPa; néo 1:4378; for CgH, 0, (142-2) calculated: 67-57% C, 9-92%; found: 67-56% C, 9-86% H.
'H-NMR spectrum (CDCl,): 1-07 (m, 8 H, 4 CH,), 2:30 (d, 2 H, CH,CO,CHj), 3:63 (s, 3 H,
CO,CHj)) was prepared by esterification of cyclopentylacetic acid?*, 3,3-Dimethylbutanoic
acid was synthesized from 2-chloro-2-methylpropane and 1,1-dichloroethene according to Bott?5;
its methyl ester (b.p. 124— 126°C/98-4 kPa; n3° 1:3992) was obtained by reaction of 3,3-dimethyl-
butanoyl chloride?® with methanol. Sodium bis(trimethylsilyl)amide was prepared*! by reaction
of a suspension of sodium amide in toluene (Fluka) with hexamethyldisilazane and stored as
0-3M solution in benzene. Diisopropylamine (Koch-Light) was dried by distillation from cal-
cium hydride. The ethereal solution (0-8M) of n-butyllithium was prepared according to Gil-
man?7, Ethyl formate was distilled from phosphorus pentoxide prior the reaction; ethyl acetate
was dried over calcium chloride.
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5-Isopropyl-2-thiouracil (X16)

A mixture of methyl 3-methylbutanoate (2:0 g; 17-2 mmol) and ethyl formate (64 g; 86 mmol)
was added dropwise in the course of 10 min to a stirred 0-3M solution of sodium bis(trimethyl-
silyl)amide11 (115 ml) at room temperature. After standing for 12 h at room temperature the
mixture was taken down in vacuo and the residue refluxed with thiourea (1-5 g; 20 mmol) in me-
thanol (50 ml) for 5 h. The mixture was cooled, diluted with water (100 ml) and the solution
was neutralized by addition of Dowex 50 (H+). The exchange resin was filtered off and washed
with aqueous methanol (1 : 1) until the eluate showed no UV absorption. The combined filtrates
were decolorized with charcoal and evaporated in vacuo, Crystallisation from dilute acetic acid
afforded 390 mg (13-3%, based on methyl 3-methylbutanoate) of the compound X6, m.p. 238 to
240°C (reported® m.p. 238—239°C). UV spectrum (in 0-1M-HCI: 4 ,,, 280 nm (log £ 4:02); (in
0-1M-NaOH): 260 nm (3:96), sh 302 nm (3:73).

5-Isopropyl-6-(2-methylpropyl)-2-thiouracil (VI6)

Methyl 3-methylbutanoate (3-0 g; 26 mmol) in benzene (10 ml) was added dropwise during 10 min
to a stirred 1:2M benzene solution of sodium bis(trimethylsilyl)amide (25 ml) at room tempera-
ture. After stirring for 3 h at 35°C, ethyl formate (2-3 g; 31 mmol) in benzene (10 ml) was added
dropwise. The mixture was set aside for 12 h at room temperature, the benzene evaporated
in vacuo and the residue refluxed with thiourea (2-5 g; 33 mmol} and methanol (50 m!) for S h.
The mixture was worked up as described for the compound X1b, affording 310 mg of the product
VIb (10-7%, based on methyl 3-methylbutanoate); m.p., 201—203°C (methanol-water). For the
UV spectrum in methanol see Table III. The mother liquor after crystallisation of VI on standing
for several days deposited 80 mg of a crystalline mixture of compounds, transparent in UV light.
Mass spectrum of this mixture showed fragmentation pattern of 3-methylbutanamide (m/fe
101 (M%), 86 (M*—15), 69, 57 (C4H,)) and S-methyl-2-(1-methylethyl)-3-oxohexanamide
(mfe 185 (M*), 170 (M —15), 143 (M*—42), 128 (M* —57)).

5- and 5,6-Disubstituted 2-Thiouracils

An 0-8M ethereal solution of n-butyl lithium (20 mmol) was added dropwise (under nitrogen)
to a stirred solution of diisopropylamine (2:1 g; 20-8 mmol) in ether (10 ml), (pre-cooled
to —40°C) at temperature lower than —30°C (30—45 min). After the addition, the mixture
was stirred for 30 min at —30°C, cooled to —40°C and at this temperature a solution of methyl
ester of alkylacetic or cycloalkylacetic acid (20 mmol) in ether (15 ml) was added dropwise.
After 20 min a solution of ethyl formate or other acylating agent was added dropwise at —30°C
in the course of 20 min. The mixture was stirred for 1 h at —30°C and allowed to stand overnight
at —4°C. In order to determine the yields of the B-oxo ester, 0-1 ml of the mixture was dissolved
in 0-1M-NaOH (100 ml) and its absorbance measured at 275 nm. The concentration was calculat-
ed using moiar extinction coefficient of methyl 2—:‘ormylbut:moate31 as standard (4,5, 275'5 nm,
& 16480). The formylation of the methyl esters of the acids XVII/— XX was practically complete
1 h after addition of ethyl formate to the lithiated ester; the yields, determined by the above-
~described procedure, were about 80%. The yield of methyl 2-formyl-3,3-dimethylbutanoate
after standing for 1 h at —4°C was 15%, after 12 h at the same temperature it rose to 35%. The
ethereal solution of the formed enolate lithium salt was taken down in vacuo and the residue was
refluxed with methanol (50 ml) and thiourea (1-5 g; 20 mmol) for 3 h. According to the solubility
of the résulting 2-thiouracil in hot water, the reaction mixture was worked up using one of the
following procedures:
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Procedure A. The mixture was diluted with hot aqueous methanol (1 : 1; 300 ml) and neutralised
with Dowex 50 (H*) ion exchange resin. The resin was filtered off and washed with hot aqueous
methanol until the filtrate showed no UV absorption. The combined filtrates were taken down
in vacuo and the residue crystallised from hot water.

Procedure B. The mixture was taken down in vacuo and the residue dissolved in 10% aqueous
ammonia (150 ml). The solution was extracted with ether (2X 50 ml). After removal of ammonia
at 40°C in vacuo, the aqueous layer was acidified with hydrochloric acid (pH 4) under cooling
with ice. The mixture was extracted with ethyl acetate (3X 50 ml). If the ethyl acetate extract
contained any unreacted thiourea, it was washed with one portion (50 ml) of water. The combined
extracts were dried over sodium sulfate, taken down in vacuo and the residue crystallised from
aqueous methanol or ethanol. The yields, melting points, UV spectra and elemental analyses
are given in Tables I, III and 1V.

Methyl 2-Formyl-3-methylbutanoate (XXIT)

Methyl 3-methylbutanoate (2:3 g; 20 mmol) was formylated using lithium diisopropylamide
and ethyl formate according to the above general procedure. The ethereal solution of the formed
lithium enolate was poured into ice-cold water (100 ml), the ethereal layer separated and extracted

TaBLE IV
Elemental Analyses of 5-Substituted and 5,6-Disubstituted 2-Thiouracils 16— VIIIb

Calculated/Found

Compound Formula == s
(mol.w.) % C % H %N %S
b CgH,(N,0S8 52-74 5-53 15-32 17-57
(182-2) 53-00 5-80 15-98 17-09
1Ib CgH,(N,08 5274 553 1532 17-57
(182-2) 52-11 577 15-05 1727
b Cy1H 4N,08 59-43 635 12:60 14-42
(222:3) 59-69 643 12:32 14:16
s CgH,,N,0S8 52-16 657 1521 17-37
(184-2) 5242 673 15-11 17-10
Vb CgH,,N,08 5216 657 15-21 17:37
(184-2) 52-42 651 15-02 17-41
vib C, H;gN,0S 58-39 8:02 1232 1414
(2263) 5858 8:06 12-:06 13-80
| 2¢0) CgH,;oN,08 52:74 553 15-23 17:57
(182-2) 52-57 5-61 15-03 17:35
viIb CyH,,N,08 55-09 6:17 14-28 16:30
(196:2) 54:90 617 13-90 16:28
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with 1M-NaOH (5% 30 ml). The combined aqueous solutions were acidified with 40% sulfuric
acid to pH 5 under cooling with ice and the separated oil was extracted with ether (8 X 40 ml). The
ethereal extracts were combined, washed with a saturated sodium sulfate solution (30 ml), dried
over sodium sulfate and taken down. Fractionation of the residue afforded 0-74 g (26%) of the
compound XX/, b.p. 70—75°C[2:0 kPa. "H-NMR spectrum (in CDCly): oxo form: 1-06 (d, 6 H,
CH(CHj),, J = 7 Hz), 2:50 (m, 1 H, CH(CH,),), 3-01 (dd, | H, CHCHO, J, = 3-6 Hz2, J, =
= 7-5 Hz), 379 (s, 3 H, 3CO,CH,), 972 (d, 1 H, CHO, J = 3-6 Hz); enol form: 110 (d, 6 H,
CH(CH3),, J = 6 Hz), 2:50 (m, 1 H, CH(CH3),), 3-81 (s, 3 H, CO,CHj,), 7-05 (d, broad, 1 H,
=CHOH, J = 13 Hz), 11-52 (d, broad, 1 H, =CHOH, J = 13 Hz). The ratio oxo form : enol
form was found to be 7 : 4 (calculated from the intensities of the ' H-NMR signals). IR spectrum
(CHCI3): oxo form: 1740 em™! (C=0 ester), 1723 em™! (C=0 aldehyde); enol form: 1714
cm™! (C=O0 ester), 1665cm™! (C=C), 2980 cm ™! (OH, intramolecular hydrogen bond;
in CCl,: 2930 cm ™).

Methyl a-Formylcyclopropylacetate (XX1I1)

Methyl cyclopropylacetate (23 g; 18-9 mmol) was formylated using the above-described proce-
dure; yield 0-82 g (31%) of the compound XXIII; b.p. 65—70°C[1:6 kPa. TH-NMR spectrum
(in CDCl3): oxo form: 2:58 (dd, 1 H,-CHCHO, J = 27 Hz), 3-78 (s, 3 H, CH3), 974 (d, 1 H,
CHO, J = 2-7 Hz); enol form: 3-82 (s, 3 H, CH3), 7:02 (d, broad, 1 H, =CHOH, J = 12:5 Hz),
11-34 (d, 1 H,=CHOH, J = 12-5 Hz). The oxo form :eno! form ratio was found to be 7:10
according to the intensities of *H-NMR signals. IR spectrum (in CHCl,): oxo form: 1737 cm™*
(C=0 ester), 1723 cm™! (C=0 aldehyde); enol form: 1714 cm ™! (C=O0 ester), 1669 cm ™!
(C=C), 3000 cm ~ ! (OH, intramolecular hydrogen bond; in CCly: 2960 cm ™t

5- and 5,6-Disubstituted Uracils la— VIlla

The 2-thiouracils Ib— VIIIb (5 mmol) were refluxed with chloroacetic acid (2-35 g; 25 mmol)
in water until the starting 2-thio compound disappeared. Sufficient amount of water (10 to 50 ml)
was employed to keep the product dissolved in the hot mixture till the end of the reaction.
After cooling, the separated product was filtered, washed with water and crystallised. Yields
of the products, their elemental analyses and UV spectra are given in Tables Il and V.

Cyclobutanecarboxylic Acid

Cyclopentanone (126 g; 1-5 mol) was oxidised with hydrogen peroxide in tert-butyl alcohol
according to the described method®2. The isolation procedure was modified as follows.
After removal of the separated selenium by filtration the reaction mixture was taken down
in vacuo and the residue dissolved in 10% sodium carbonate solution (400 ml). The solution was
filtered with charcoal and celite and the filtrate extracted with ether (100 ml). A saturated aqueous
solution of potassium permanganate was gradually added to the aqueous layer till the pink
colour of the mixture persisted for 5 min. The excess potassium permanganate was destroyed
by reduction with methanol, the mixture warmed to 50°C and the manganese oxide filtered
and washed with water. The combined filtrates were concentrated in vacuo to 100 ml, cooled
with ice and acidified with 15% hydrochloric acid to pH 4. The mixture was extracted with ether
(7. 100 ml), the ethereal extracts were combined, dried over sodium sulfate and the ether was
evaporated under atmospheric presure. Fractionation of the residue afforded 23-0g (15:3%)
of cyclobutanecarboxylic acid, b.p. 95—110°C/0-53 kPa. A sample of the product was trans-
formed by treatment with diazomethane into the methyl ester which was homogeneous according
to gas-liquid chromatography (poly(ethylene glycol adipate) column, 80°C).
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Methyl Cyclobutylacetate

Cyclobutyl diazomethyl ketone?? was prepared by the procedure described previously for the
analogous cyclopropane derivative®. B.p. 80—85°C[2:7 kPa, 11;30 1:5180. 'H-NMR spectrum
(in CDCl3): 2:15 (m, 6 H, —(CH,)3;—), 3-13 (m, 1 H, CH(CH,);), 5:15 (s, 1 H, CHN,). UV
spectrum (in methanol): 4,,,, 246 nm and 272 nm (log & 3-91 and 4-05, respectively).

To a stirred boiling solution of cyclobutyl diazomethyl ketone (6:5 g; 52-4 mmol) in methanol
(35 ml) was added a 10% solution of silver benzoate in triethylamine in 0-5 ml portions. Each
new portion of the catalyst was added only when the nitrogen evolution nearly ceased, the total
amount of the silver benzoate solution employed being 20 ml. The course of the diazo ketone
decomposition was monitored by thin-layer chromatography (benzene-ethyl acetate 5:1).
After the starting compound had disappeared the mixture was refluxed for 20 min, filtered and
treated with an aqueous sodium hydroxide soiution (9-0 g of NaOH in 250 ml of water). After
standing at room temperature for 12 h the mixture was boiled for 10 min, filtered and taken down
in vacuo. The residue was dissolved in water (30 ml) and extracted with ether (3 .30 ml). The
aqueous layer was acidified with 20% sulfuric acid under cooling with ice, extracted with ether
(7 . 30 mol), the ethereal extracts were dried over sodium sulfate, taken down and the residue

TABLE V

Yields, Melting Points and Elemental Analyses of 5-Substituted and 5,6-Disubstituted Uracils
Ia—Villa

Calculated/Found

Compound M.p., °C Formula
Yield, % solvent (mol.w.) % C % H YN
la 253 CgH (N0, 57-82 607 16:86
66 methanol (166-2) 57-78 598 16-68
la 264—269 CgH, (N0, 57-82 607 16-86
72 methanol (166-2) 57-73 6-03 16:89
Illa 241—242 C; 1 H 4N,0, 64-05 6-84 13-58
88 ethanol (206-2) 63-67 6-29 13-86
IVa 289—2927 CgH,;N,0, 5713 719 16:66
91 methanol (168-2) 57-48 7-42 16-48
Va 250—251 CgH{,N,0, 5713 719 16:66
60 methanol-water (168-2) 57-12 7:20 16-80
Via 241—242 Cy1H gN,0, 62:83 863 13-32
80 methanol-water (210-3) 62-46 821 13-58
Vila 325 (dec.) CgH,(N,0, 57-82 607 1686
835 ethanol-water (166-2) 57-95 631 16-66
Villa 2942957 CoH,,N,0, 59-98 671 15:55
86 dimethylformamide (180-2) 59-80 6-85 15-42

@ Ref.?0 289—292°C; ? ref.2? 327°C.
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treated with ethereal solution of diazomethane till the yellow coloration persisted. After eva-
poration of the solvent (Vigreux column) the residue was fractionated, yielding 4-0 g of a frac-
tion, b.p. 140—145°C/98-4 kPa, containing methyl cyclobutylacetate which was 90% pure
according to gas-liquid chromatography on poly(ethylene glycol adipate) at 100°C. The peaks
of the impurities (7-5% and 2-5%) had shorter retention times. The yield of methyl cyclobu-
tylacetate, calculated for the pure compound, was 53-7% An analytical sample, obtained
by redistillation at atmospheric pressure, was shown by gas-liquid chromatography (poly(ethy-
lene glycol), 80°C) to be 96-3% pure; n3® 1:4279. *H-NMR spectrum (60 MHz, CDCl;): 2:46
(s, 2 H, CH,CO,CHy), 3-62 (s, CH;0); IR spectrum (CCl,): 1730 cm™* (C=0), 2981 cm™!
(CH, in cyclobutane), 2902 cm™! (CH,; in cyclobutane), 917 cm™! (cyclobutane ring skeletal
vibration). For C,H,,0, (128-2) calculated: 65-59% C, 9-44%; H; found: 65:51% C, 9-74%; H.

Thermal decomposition of cyclobutyl diazomethyl ketone in a collidine-benzyl alcohol mixture
under conditions described for the decomposition of cyclopropyl diazomethyl ketone® afforded
only a 12% yield of methyl cyclobutylacetate.
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