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2,6,8-Trichloro-7-methylpurine (3) was converted to 2-chloro-8,9-dihydro-7-methyl-8-thioxopurin-6(li/)-one (5) by 
utilizing the difference in reactivity of the 2-, 6-, and 8-positions in the trichloropurine ring system to nucleophilic 
displacement. Compound 5 was subsequently glycosylated with l-0-acetyl-2,3,5-tri-0-benzoyl-D-ribofuranose according 
to the Vorbruggen procedure to yield 2-chloro-8,9-dihydro-7-methyl-9-(2,3,5-tri-O-benzoyl-0-D-ribofuranosyl)-8-
thioxopurin-6(lH)-one (6). Removal of the benzoyl protecting groups, followed by amination of 7 with liquid ammonia 
at 150 °C, gave 7,8-dihydro-7-methyl-8-thioxoguanosine (2). The structure of compound 2 was confirmed by X-ray 
crystallographic analysis. Compounds 1 (7,8-dihydro-7-methyl-8-oxoguanosine) and 2 were evaluated for activity 
in various animal virus infection models. Against banzi, Semliki Forest, and San Angelo viruses in mice, 2 was highly 
active when administered before virus inoculation. 

Introduction 
Purine nucleosides are of considerable interest to the 

medicinal chemist as potential chemotherapeutic agents. 
Reviews on the antitumor1,2 and antiviral3 activity of pu­
rine nucleosides have appeared in the literature. Nu­
cleoside derivatives such as 8-bromoguanosine,4 8-
mercaptoguanosine,4 and 7,8-dihydro-7-methyl-8-oxo-
guanosine (l)5 have been shown to be stimulators of the 
humoral (B-cell) immune system.6"9 Robins and co­
workers5 reported the synthesis of 7,8-dihydro-7-methyl-
8-oxoguanosine in 1969. Subsequently, we reported a new 
and facile synthesis of this compound.10 We have now 
found that compound 1 exhibits antiviral activity as well.11 

A report from our laboratory on the synthesis11 and 
broad-spectrum antiviral activity12 of another guanosine 
analogue, 7,8-dihydro-7-thia-8-oxoguanosine, has recently 
been published. As part of our program for the synthesis 
of purine nucleoside derivatives as potential antiviral and 
antitumor agents, the synthesis of 7,8-dihydro-7-methyl-
8-thioxoguanosine (2) was pursued and accomplished. This 
synthesis and the in vivo antiviral activity of the purine 
nucleoside derivatives 1 and 2 are the subject of this paper. 
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reported13 procedure with slight modifications,14 was the 
starting compound. The difference in reactivity of the 2-, 

(1) Robins, R. K.; Kini, G. D. In Chemistry of Antitumor Agents; 
Wilman, D. E. V., Ed.; Blackie and Son: U. K., 1990; p 299. 

(2) Robins, R. K.; Revankar, G. R. Med. Res. Rev. 1985, 5, 273. 
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Figure 1. ORTEPII27 drawing of 7,8-dihydro-7-methyl-8-thioxo-
guanosine (2) detailing the atom labeling. The thin lines represent 
hydrogen bonds. Thermal ellipsoids are drawn at the 50% 
probability level. 

Henry et al. 

Table I. Activities of Compounds 1 and 2 against Banzi, Semliki 
Forest and San Angelo Virus Infections in Mice 

virus 
Banzi 

San Angelo 

Semliki Forest 

com­
pound 

placebo 
1 

2 

placebo0 

1 

2 

placebo0 

1 

2 

dose,0 

mg/kg 

25 
50 
25 
50 

25 
50 
25 
50 

25 
50 
25 
50 

% 
survivors/ 

total 
1/12 (8) 

11/12 (92)e 

12/12 (100)e 

11/12 (92)e 

10/12 (83)d 

2/11 (18) 
11/12 (92)e 

11/12 (92)e 

9/12 (75)e 

10/12 (83)e 

2/12 (17) 
8/12 (67)e 

9/12 (75)e 

9/12 (75)' 
10/12 (83)e 

mean 
survival 

time,6 days 
7.7 ± 1.8 
8.0 ± 0.0 

>21 
9.0 ± 0.0 
9.0 ± 0.0 
7.2 ± l.C 

12.0 ± 0.0 
10.0 ± 0.0 
11.3 ± 2.3' 
10.5 ± 0.7' 
6.2 ± 1.5 
8.7 ± 3.8 
9.7 ± 2.1' 
8.0 ± l.Qf 
9.0 ± 2.8 

0 Half-daily intraperitoneal doses were administered 24 and 18 h 
before virus inoculation. 'Of mice that died. Survivors lived 
through 21 days. CA 2% sodium bicarbonate solution served as the 
placebo and as diluent for the compounds. d Standard deviation. 
' Statistically significant (p < 0.05), determined by the two-tailed 
Fisher exact test. 'Statistically significant (p < 0.05), determined 
by two-tailed t test. 

6-, and 8-positions in the trichloropurine ring system to 
nucleophilic displacement was the key element in the 
design and successful synthesis of 7,8-dihydro-7-methyl-
8-thioxoguanosine, shown in Scheme I. Treatment of 3 
with thiourea in refluxing ethanol resulted in the selective 
displacement of the 8-chloro group to yield 8,9-dihydro-
2,6-dichloro-7-methylpurine-8-thione (4) in good yield. 
Hydrolysis of 4 with 2 N sodium hydroxide at reflux tem­
peratures led to 2-chloro-8,9-dihydro-7-methyl-8-thioxo-
purin-6(l/7)-one (5) in good yields as well. Compound 5 
was silylated by refluxing with hexamethyldisilazane and 
subsequently glycosylated with l-0-acetyl-2,3,5-tri-0-
benzoyl-D-ribofuranose according to the procedure of 
Vorbruggen et al.15 to yield 2-chloro-8,9-dihydro-7-
methyl-9-(2,3,5-tri-0-benzoyl-/3-D-ribofuranosyl)-8-thioxo-
purin-6(lff)-one (6). No S-glycosylated product was iso­
lated under these conditions. Treatment of 6 with sodium 
methoxide in methanol resulted in removal of the benzoyl 
protecting groups to yield the deblocked nucleoside 2-

(3) Robins, R. K.; Revankar, G. R. In Antiviral Drug Develop­
ment; De Clercq, E., Walker, R. T., Eds.; Plenum: New York, 
1988; p 11. 

(4) Holmes, R. E.; Robins, R. K. J. Am. Chem. Soc. 1964,86,1242. 
(5) Rizkalla, B. H.; Robins, R. K.; Broom, A. D. Biochim. Biophys. 

Acta 1969,195, 285. 
(6) Goodman, M. G.; Weigle, W. O. J. Immunol. 1982,128, 2399. 
(7) Goodman, M. G.; Weigle, W. O. J. Immunol. 1983,130, 2580. 
(8) Goodman, M. G. J. Immunol. 1986,136, 3335. 
(9) Goodman, M. G.; Weigle, W. O. J. Immunol. 1985, 135, 3284. 

(10) Kini, G. D.; Hennen, W. J.; Robins, R. K. Nucleosides Nu­
cleotides 1987, 6, 581. 

(11) Nagahara, K.; Anderson, J. D.; Kini, G. D.; Dalley, N. K.; 
Larson, S. B.; Smee, D. F.; Jin, A.; Sharma, B. S.; Jolley, W. 
B.; Robins, R. K.; Cottam, H. B. J. Med. Chem. 1990,33, 407. 

(12) Smee, D. F.; Alaghamandan, H. A.; Cottam, H. B.; Sharma, B. 
S.; Jolley, W. B.; Robins, R. K. Antimicrob. Agents Chemoth­
er. 1989, 33, 1487. 

(13) Borowitz, I. J.; Bloom, S. M.; Rothschild, J.; Sprinson, D. B. 
Biochemistry 1965, 4, 650. 

(14) It was necessary to freshly distill the phosphorus oxychloride 
used in the chlorination. The reaction temperature was 170 
°C. 

(15) Vorbruggen, R.; Krolikiewicz, K.; Bennua, B. Chem. Ber. 1981, 
114, 1234. 

Table II. Activities of Compounds 1 and 2 against an 
Encephalomyocarditis (EMC) Virus Infection in Mice and a Rat 
Coronavirus Infection in Rats 

virus 
EMC 

rat corona 

com­
pound 

placebo1 

1 

2 

placebo 
1 
2 

dose," 
mg/kg 

25 
50 
25 
50 

100 
100 

% 
survivors/ 

total 

1/12 (8) 
8/12 (67)e 

9/12 (75)£ 

6/12 (50) 
9/12 (75)e 

1/11 (9) 
9/12 (75)e 

7/12 (58)c 

mean 
survival 

time,4 days 
4.0 ± 0.8d 

8.3 ± 2.9/ 
8.0 ± 4.4/ 
5.5 ± l.Qf 
5.7 ± 0.6/ 
7.4 ± 2.5 
9.7 ± 0.6 
9.4 ± 2.3 

" Half-daily intraperitoneal doses were administered 24 and 18 h 
before virus inoculation. b Of mice or rats that died. Survivors 
lived through 21 days. CA 2% sodium bicarbonate solution served 
as the placebo and as diluent for the compounds. d Standard de­
viation. 'Statistically significant (p < 0.05), determined by the 
two-tailed Fisher exact test. 'Statistically significant (p < 0.05), 
determined by two-tailed t test. 

chloro-8,9-dihydro-7-methyl-9-(|8-D-ribofuranosyl)-8-thi-
oxopurin-6(l/Y)-one (7). Amination of 7 with liquid am­
monia at 150 °C resulted in 7,8-dihydro-7-methyl-8-thi-
oxoguanosine (2). The structure of compound 2 was con­
firmed by X-ray crystallographic analysis. 

X-ray C r y s t a l l o g r a p h y 

Crystals of 7,8-dihydro-7-methyl-8-thioxoguanosine (2) 
were grown from an 18:1:1:1 ethyl ace ta te /methanol / 
acetone/water solution following chromatographic puri­
fication. The nucleoside crystallizes in the orthorhombic 
space group P212l21 as a monohydrate with cell parameters 
of a = 6.9207 (2) A, b = 10.5170 (9) A, c = 20.315 (2) A and 
is isomorphous to the 8-oxo analogue (l).16 The structure 
refined to an R value of 0.029 for 2874 reflections (F > 4<rF). 
The molecular conformation is illustrated in Figure 1, 
which also details the atom labeling. The molecular con­
formation is syn with a glycosylic torsion angle, XCN = 

0 4 ' - C l ' - N 9 ' C 4 , of 63.6 (2)°, which is stabilized by an 

(16) Larson, S. B.; Cottam, H. B.; Robins, R. K. Acta Crystallogr. 
1989, C45, 1979. 
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05'—N3 intramolecular hydrogen bond [d(05'-N3) = 
3.011 (2) A]. Thus, the C5'-05' side chain is in the 
gauche-gauche orientation. The sugar conformation is 
C2'-endo (2Tj) with a pseudorotation angle of 156.3° and 
an amplitude of pucker of 38.7°.17 These general con­
formational parameters are similar to other 8-substituted 
guanosines such as 8-bromo-,18 8-chloro-,19 and 8-
methylguanosine.20 A syn conformation has been sug­
gested as a necessary molecular conformation for B-cell 
activation,21 an effect that is produced by all of the 8-
substituted guanosines mentioned above. Details of the 
crystal and molecular structure are reported elsewhere.22 

Antiviral Activity 
Compounds 1 and 2 were evaluated for activity in var­

ious animal virus infection models. Against banzi, Semliki 
Forest, and San Angelo viruses in mice, 2 was highly active 
when administered before virus inoculation to decrease 
overall mortality (Table I). Its effect was similar to that 
produced by compound 1. Against EMC virus, 1 and 2 
protected against mortality (Table II). Rats treated with 
2 were resistant to mortality induced by rat coronavirus, 
as were animals treated with the other nucleoside, 7,8-
dihydro-7-methyl-8-oxoguanosine (1) (Table II). Overall, 
the efficacies of 1 and 2 were very similar. 

Banzi, San Angelo, and Semliki Forest viruses represent 
classes of flavi-, bunya-, and alphaviruses that are trans­
mitted by insect vectors. These types of viruses are of 
military importance and of interest to developing nations 
where insect-borne diseases are prevalent. The EMC virus 
is a picornavirus related to rhinoviruses which are some 
of the causative agents of the common cold. We use EMC 
virus as a model since rhinoviruses do not propagate in 
small animals. Rat coronavirus is probably the closest 
animal model to a coronavirus-induced common cold in 
man.23 The results of these studies suggest that 2 and 
related compounds could be used on a prophylactic basis 
or possibly early in therapy against relevant human virus 
infections. 

Experimental Section 
Chemistry. *H NMR data were obtained at 300 MHz on an 

IBM NR-300 spectrometer in (CD3)2SO or CDC13 solvents. The 
chemical shifts are expressed in b values (parts per million) relative 
to the residual protons in the deuterated solvents. Melting points 
were obtained in open capillaries using a Haake-Buchler apparatus 
and are uncorrected. Combustion analyses, reported for certain 
select intermediates, were performed by Robertson Laboratories, 
Florham Park, NJ. 

Virus Infection Models. Swiss Webster female mice or 
pregnant Fischer rats were purchased from Charles River Labs, 
Wilmington, MA. Several Encephalitis virus models have been 
developed with banzi,24 encephalomyocarditis25 (EMC), San 

(17) Altona, C; Sundaralingam, M. J. Am. Chem. Soc. 1972, 94, 
8205. 

(18) Tavale, S. S.; Sobell, H. M. J. Mol. Biol. 1970, 48, 109. 
(19) Birnbaum, G. I.; Lassota, P.; Shugar, D. Biochemistry 1984,23, 

5048. 
(20) Hamada, K.; Honda, I.; Fujii, S.; Fujiwara, T.; Tomita, K. Acta 

Crystallogr. 1985, C41, 1486. 
(21) Katze, J. R. Proc. Soc. Exp. Biol. Med. 1985, 179, 492. 
(22) Larson, S. B.; Henry, E. M.; Kini, G. D.; Robins, R. K. Acta 

Crystallogr. 1990, C46, 506. 
(23) Parker, J. C; Cross, S. S.; Rowe, W. P. Arch. Gesamte Virus-

forsch. 1970, 31, 293. 
(24) Smee, D. F.; McKernan, P. A.; Nord, L. D.; Willis, R. C; 

Petrie, C. R.; Riley, T. M.; Revankar, G. R.; Robins, R. K.; 
Smith, R. A. Antimicrob. Agents Chemother. 1987, 31, 1535. 

(25) Skulnick, H. I.; Weed, S. D.; Eidson, E. E.; Renis, H. E.; 
Wierenga, W.; Stringfellow, D. A. J. Med. Chem. 1985, 28, 
1864. 

Angelo,26 and Semliki Forest12 viruses. All of these viruses were 
inoculated intraperitoneally (ip) into 20-g mice. Rat coronavirus23 

was inoculated intranasally into suckling (3-4 days old) rats 
causing them to die of pneumonia. Viruses were pretitrated in 
the animals to identify doses which were 10 times the 50% lethal 
dose (LD50). Each experiment was conducted with 10 LDK. 

Compounds were administered 0.2 mL/mouse or 0.1 mL per 
rat by ip injection 24 and 18 h before virus inoculation. This 
regimen was optimal for treatment against various RNA viruses.24 

All experiments ran for 21 days, at which time the animals were 
considered cured from the lethal phase of the infections. Sta­
tistical evaluations compared drug-treated groups to respective 
placebo controls. Increases in survival numbers were evaluated 
by the two-tailed Fisher exact test. Mean survival time increases 
were statistically analyzed by the two-tailed Student's t test. 

2,6-Dichloro-8,9-dihydro-7-methylpurine-8-thione (4). To 
a suspension of 2,6,8-trichloro-7-methylpurine (3, 6.00 g, 25.2 
mmol) in ethanol (200 mL) was added thiourea (2.12 g, 27.8 mmol), 
and the mixture was maintained at reflux for 2.0 h. The resulting 
clear yellow solution was adsorbed onto silica gel and chroma-
tographed over silica gel (flash chromatography) with 10% acetone 
in hexane as eluent to yield 4 as a yellow solid (4.94 g, 83.4%): 
mp 240-242 °C dec; lB NMR (DMSO-d6) & 3.83 (s, 3 H, NCH3), 
14.31 (s, 1 H, Nfl). Anal. Calcd for C6H4C12N4S (C, H, N, S, CI). 

2-Chloro-8,9-dihydro-7-methyl-8-thioxopurin-6(lH)-one 
(5). A suspension of 2,6,8-trichloro-7-methylpurine (3,4.00 g, 16.8 
mmol) and thiourea (1.40 g, 18.5 mmol) in ethanol (130 mL) was 
refluxed for 1 h. The solvent was removed in vacuo, and the 
residue was dissolved in 2 N aqueous sodium hydroxide (84 mL, 
168 mmol). The resulting solution was refluxed overnight. After 
cooling, the solution was neutralized to pH 7.0 with concentrated 
HC1. The mixture was filtered, and the clear filtrate was acidified 
(pH 1-3) with concentrated HC1. The resultant yellow suspension 
was boiled for 10 min, cooled, and filtered. The filtered solid 5 
was washed with water, acetone, and then dried (3.28 g, 90.6%): 
mp >300 °C; >H NMR (DMSO-d6) 6 3.69 (s, 3 H, NCtf3), 13.56 
(s, 1 H, Ntf), 13.90 (s, 1 H, NH). 

2-Chloro-8,9-dihydro-7-methyl-9-(2,3,5-tri-0-benzoyl-/S-D-
ribofuranosyl)-8-thioxopurin-6(lfr)-one (6). A solution of 
2-chloro-8,9-dihydro-7-methyl-8-thioxopurin-6(l#)-one (5,12.3 
g, 57.1 mmol) in hexamethyldisilazane (24.1 mL, 114 mmol), 
trimethylsilyl triflate (22.1 mL, 114 mmol), trimethylsilyl chloride 
(14.5 mL, 114 mmol), and dry acetonitrile (600 mL) was refluxed 
for 3 h. A solution of l-0-acetyl-2,3,5-tri-0-benzoyl-D-ribofuranose 
(31.6 g, 62.8 mmol) in dry acetonitrile (300 mL) was added in one 
portion and refluxed for an additional 0.5 h. The clear yellow 
solution was cooled and poured slowly into a stirring 2% aqueous 
solution of NaHC03. The resulting mixture was extracted with 
ethyl acetate (1 L). The organic phase was dried over anhydrous 
Na2S04 and concentrated in vacuo. The residual oil was chro-
matographed over silica gel using chloroform as eluent until all 
nonpolar contaminants were eluted, followed by elution with 
acetone to yield 6 as a foam (28.58 g, 75.7%); >H NMR (DMSO-dg) 
» 3.78 (s, 3 H, NCtf3), 6.84 (d, 1 H, dH), 7.38-7.93 (m, 15 H, 
benzoyl protons), and other sugar protons. Anal. Calcd for 
C32H26N408SC1 (C, H, N, S, CI). 

2-Chloro-8,9-dihydro-7-methyl-9-(i8-D-ribofuranosyl)-8-
thioxopurin-6(li?)-one (7). To a suspension of 2-chloro-8,9-
dihydro-7-methyl-9-(2,3,5-tri-0-benzoyl-/J-D-ribofuranosyl)-8-
thioxopurin-6(lri)-one (6, 3.88 g, 5.88 mmol) in methanol (120 
mL) was added freshly prepared 1 M sodium methoxide (19.4 mL, 
19.4 mmol). The mixture was stirred for 3 h at room temperature, 
and the resulting solution was neutralized with H+ resin (Do-
wex-50W X 8). Solvent was removed in vacuo, and the residue 
was triturated with ether, upon which a solid separated. The solid 
was filtered, washed well with ether, and dried to yield 7 (1.78 
g, 86.8%). An analytical sample was prepared by recrystallization 
from methanol: JH NMR (DMSO-d6) 5 3.51 (m, 2 H, CsH), 3.78 

(26) Sim, I. S.; Cerruti, R. L. Antiviral Res. 1987, 8, 209. 
(27) Johnson, C. K. ORTEPII: A Fortran Thermal-Ellipsoid Plot 

Program for Crystal Structure Illustrations. ORNL-5138 
(Third Revision); Oak Ridge National Laboratory: Oak Ridge, 
TN, March 1976. 
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(s, 3 H, NCH3), 3.84 (m, 1 H, C4tf), 4.20, 4.82 (2 t, 2 H, CSH and 
C4tf), 6.36 (d, 1 H, J = 5.47 Hz, Cjtf). Anal. Calcd for C„H13-
N4SC1 (C, H, N, S, CI). 

7,8-Dihydro-7-methyl-8-thioxoguanosine (2). A suspension 
of 2-chloro-8,9-dihydro-7-methyl-9-(|3-D-ribofuranosyl)-8-thioxo-
purin-6(ltf)-one (7, 0.5 g, 1.4 mmol) in methanol (10 mL) was 
placed in a 200-mL stainless steel bomb and cooled in a dry 
ice/ethanol bath. Liquid ammonia (50 mL) was added; the bomb 
was sealed and heated in an oil bath (bath temperature 150 °C) 
overnight. The bomb was cooled in a dry ice/ethanol bath and 

opened. The ammonia was allowed to evaporate and the residue 
was chromatographed over silica gel (flash chromatography) with 
a mixture of ethyl acetate/acetone/water/methanol 15:1:1:1 as 
eluent to yield 2 as an amorphous solid (0.3 g, 60%): *H NMR 
(DMSO-d6) 5 3.56 (m, 2 H, CgH), 3.71 (s, 3 H, NCtf3), 3.78 (m, 
1 H, C4H), 4.21,4.96 (2 dd, 2 H, Cgtf and C4#), 4.74 (t, 1 H, OH), 
4.91 (d, 1 H, OH), 5.28 (d, 1 H, OH), 6.29 (d, 1 H, J = 5.41 Hz, 
Ci#), 6.62 (s, 2 H, Nff2), 11.15 (s, 1 H, N/7); 13C NMR (DMSO-de) 
5 32.60, 62.24, 70.28, 70.42, 85.09, 89.40, 104.74, 148.75, 151.53, 
153.48, 165.81. Anal. Calcd for CnH^NgOsS (C, H, N, S). 

Synthesis and Central Nervous System Actions of Thyrotropin-Releasing Hormone 
Analogues Containing a Dihydroorotic Acid Moietyf 

Mamoru Suzuki,*'1 Hiroshi Sugano,5 Kazuo Matsumoto,* Michio Yamamura,5 and Ryuichi Ishida§ 

Research Laboratory of Applied Biochemistry and Safety Research Laboratory, Tanabe Seiyaku Company, Ltd., 16-89, 
Kashima 3-chome, Yodogawa-ku, Osaka 532, Japan. Received November 16, 1989 

A series of thyrotropin-releasing hormone (TRH) analogues in which the pyroglutamic acid residue was replaced 
by (S)-4,5-dihydroorotic acid (Dio-OH) and the related derivatives were prepared. Their central nervous system 
actions based on spontaneous locomotor activity, antagonistic effect on reserpine-induced hypothermia, and antagonistic 
effect on pentobarbital anesthesia were evaluated and the structure-activity relationships are discussed. Of these, 
(l-methyl-(S)-4,5-dihydroorotyl)-L-histidyl-L-prolinamide (14b) showed the most potent activities, which were 30-90 
times greater than those of TRH. Moreover, the thyrotropin-releasing activity of 14b was about 50 times weaker 
than that of TRH, and compound 14b (TA-0910) was selected as a potent candidate. 

Thyrotropin releasing hormone (TRH, 1, L-pyro-
glutamyl-L-histidyl-L-prolinamide; Chart I) is known to 
cause a stimulating action on the central nervous system 
(CNS)1 in addition to its endocrine action as a thyrotropin 
(TSH) releasing agent.2 Recently, some chemical modi­
fications of T R H to enhance the CNS actions and/or to 
decrease the endocrine activity have often been reported.3"6 

In this context, we have also studied the synthesis of 
T R H analogues to separate the CNS actions from the 
TSH-releasing activity, and through these studies we have 
focused on the lipophilic character in the TRH structure.7,8 

In one of our previous papers, we reported that the T R H 
analogue containing (S)-l-benzyl-2-oxoimidazolidine-4-
carboxylic acid (2) in place of the pyroglutamic acid residue 
of T R H had 1.5-8 times greater CNS actions and about 
16 times weaker hormonal activity than those of T R H 
itself.8 

On the other hand, orotyl-His-Pro-NH2 (CG-3509), while 
being clinically evaluated as a potent antidepressant, 
showed very weak endocrine activity (about 713 times of 
TRH) , but CNS actions were reported to be 2-3 times 
greater than those of TRH. 6 

Furthermore, it was reported that the analogues with 
six-membered rings such as L-piperidonecarboxylic acid 
(MK-771)4b and (i?,i?)-6-methyl-5-oxo-3-thiomorpholine-
3-carboxylic acid (CG-3703)6 in place of the pyroglutamic 
acid of TRH remarkably increased the CNS actions (40-66 
times) on account of their complete resistance to degra­
dation by the TRH-degrading serum enzyme and pyro-
glutamate aminopeptidase.6b 

This information prompted us to a t tempt the enlarge­
ment of the 2-oxoimidazolidine moiety (2) to the related 
six-membered ring, and we chose the optically active di­
hydroorotic acid moiety, which is a hydrogenated skeleton 
of orotic acid (CG-3509). In this paper, we describe the 

f Amino acids and their derivatives are L. Abbreviations follow 
the recommendations of the IUPAC-IUB Commission on Bio­
logical Nomenclature as given in Eur. J. Biochem. 1984,138, 9-37. 
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