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~'~ ' RESPUESTA AL EXAMEN DE FONDO

¢

Yo, Luis Pdatifo leyva, identificado como aparece al pie de mi fima,
atentamente me permito presentar respuesta al oficio No. 0669 nofificado por
fijacién en lista del 23 de enero de 2009, estando dentro del término legal en los

siguientes términos:

1. Claridad de lg solicitud
. El oficio establece que en los ejemplos de la descripcidn no se encuentran

sustentados todos los compuestos de las reivindicaciones, mds especificamente,

se menciona el sustituyente Cyc2.

. En cuanto a los reivindicaciones, el oficio estable ce que los posibles



radicales de la molécula de férmula (1) o(ll) son muy amplios y que los compuestos
obtenidos tendrian diferentes caracteristicas quimicas y biolégicas. Ademds,
considera que la reivindicacién 12 no se caracteriza correctamente y que la

reivindicacion 17 es muy general y amplia.

Con el objeto de superar las objeciones establecidas por el examinador, presento
un nuevo pliego reivindicatorio en donde se han eliminado las reivindicaciones 1,
3, 4,5 12 a 17 de tal forma que la nueva reivindicacién 1 (anterior 6) presenta
especificamente los posibles radicales que si tienen sustento descriptivo. Esto es

ya no se incluye el radical Cyc?2 en los compuestos reivindicados.

Asi entonces, las objeciones a la claridad deben tenerse por superadas toda vez
que las reivindicaciones objetadas (12 y 17) se han eliminado y adicionalmente,
se han limitado los posibles sustituyentes para compuestos de formula (I) tal y

como lo requirid el sefior examinador.

2. Reivindicaciones relativas a un uso o g un sequndo Uso

El nuevo pliego reivindicatorio no recae en ésta categoria pues se han eliminado

las reivindicaciones 13 a 16.

3. Nivel inventivo

Ese Despacho considera que la presente solicitud carece de nivel inventivo frente
a los documentos D1 (Reactions of per-O-acetylglucosy! isothiocyanate with
carbon bases. A new method for the stereocontrolled syntheses of nucleosides
and glucosylaminothiophenes) y D2 (Na+-glucose cotransporter inhibitors as
anfidiabetics. I. Synthesis and Pharmacological properties of 4'-dehydroxyphlorizin

derivafives based on a new concept).

El solicitante respetuosamente manifiesta su desacuerdo y considera que el
documento D1 se refiere a métodos de preparacion de glicdsidos. Unicamente
se hace alusion al campo farmacéutico en la infroduccion de D1 en donde se
dice que los nucleosidos y aminotiofenos son herramientas quimioterapéuticas
inferesantes en el fratamiento de varias enfermedades infecciosas
“chemoterapheutic tools in the freatment of various infectuous diseases.”... v...

sobre la sintesis de andlogos nucleosidos "synthesis of nucleoside analogues” (ver



[

pdgina 2517, infroduccién). Es claro que D1 no da ninguna indicaciéon dirigida a
medicamentos antidiabéticos o inhibidores de trasportadores de glucosa (SGLT) vy,
por lo tanto, una persona medianamente versada en la materia no partiria de D1
para resolver el problema planteado por la presente solicitud: proveer nuevos
compuestos con los cuales fuese posible prevenir y tratar la diabetes de fipo 1y

de tipo 2.

En cuanto a los compuestos 30 y 31 de D1 (pagina 2523), el solicitante manifiesta
que ambos compuestos difieren de los compuestos reivindicados en varias
caracteristicas, a saber: Los compuestos 30 y 31 son Aminoglicosidos, el anillo de
tiofeno estd sustituido en todas las posiciones posibles, el cual no es el caso de los
compuestos presentados en el nuevo capitulo reivindicatorio. Los sustituyentes
R=CNy R=CO:Et que se ensefan para los compuestos 30/31 de D1 junto con NH2
no son sustituyentes del tiofeno en la presente invencion (R1). Resalto que dichos
sustifuyentes constituyen un elemento obligatorio en el metodo de preparacion
de DI, ver esquemas 2y 3 (pdginas 2522 y 2523). Asi entonces, el documento D1
no ensefia ninguna alternativa para los sustituyentes del tiofeno y en
consecuencia D1 no da indicacion alguna que lleve a modificar los compuestos
30/31 de tal manera que se llegue a los compuestos reivindicados. Las copias de

los documentos D1 y D2 se adjuntan como referencia.

En la evaluacion del nivel inventivo cabe resaltar que la pregunta a contestar es:
“...sl teniendo en cuenta el estado de la técnica en su conjunto existe alguna
indicacion que lleve a la persona versada en la materia a modificar o adaptar el
estado de la técnica mads cercano para resolver el problema técnico, de tal
manera que llegue a un resultado que estuviera incluido en el tenor de la (s)

reivindicacion (es)”

En consecuencia, D1 no afecta el nivel inventivo de la solicitud puesto que no
indica a un técnico medio coémo modificar los sustituyentes que se ensefian en el
estado de la técnica para llegar a los compuestos tal y como se reivindican en la

presente solicitud y que tienen un efecto importante en la inhibicién de SGLT.

En cuanto al documento D2, el examinador afirma que no se evidencia el efecto
superior e inesperado al redlizar los reemplazos en comparacion con los
divulgados anteriormente.  El solicitante considera que D2 no afecta el nivel

inventivo pues, como pasaré a explicar, los compuestos de acuerdo con la



invencion si tienen un efecto superior e inesperado.

El documento D2 ensefia derivados de phlorizina como inhibidores de SGLT lo
cual estd comprendido en el mismo campo técnico de la presente invencién. Sin
embargo, resalto que del SGLT se fienen dos subformas importantes en el
tratamiento de la diabetes que son el SGLT1 y el SGLT2. El SGLT1 estd ubicado
principalmente en el intestino delgado. La inhibicidn de SGLT1 reduce el
consumo de azUcar en el intestino delgado. El SGLT2 se localiza principalmente
en el rifidn (Zhou et at, J. Cellular Biochem. 90: 339-346 (2003}). La inhibicion de

SGLT2 lleva a la secrecion de glucosa a través de la orina.

La phlorizina es un inhibidor de SGLT1/2 no selectivo en comparacion con el
compuesto del ejemplo 7 de la presente invencidn como se demuestra por los

siguientes valores de IC50 in Vitro y la figura comparativa anexa:

Phlorizina Ejemplo 7
SGLT1 0,27uM 26,3 uM
SGLT2 0,068 uM 0,011 uM

Se puede concluir, entonces, que los compuestos de la presente invencion son
inhibidores selectivos de SGLT2, mientras que D2 no hace alusidn a la

discriminacion SGLT1/2.

En consecuencia, para una persona versada en la materia técnica que parta de
las ensefanzas de D2, el problema a resolver seria proporcionar una alternativa
para la inhibicion del fransportador sodio dependiente de la glucosa 2 para el
tratamiento de la diabetes. Como lo indicd el sefior examinador, los compuestos
de D2 tienen diferentes caracteristicas estructurales y, teniendo éste documento
como el arte previo mds cercano, el técnico medio en la materia no habria
considerado los compuestos de D1 para utilizarlos en combinacion con D2 por las
razones anteriormente expuestas con relacion al diferente campo técnico y las

diferencias estructurales.

La posibilidad de reemplazar una o mds de las caracteristicas estructurales a
parfir de la combinacién de los documentos D1 y D2, es una opinién “a
posteriori”, pues se estd haciendo un juicio conociendo el resultado y este no es el

concepto de nivel inventivo. El examinador debe partir del momento en que la
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invencidén no era conocida y establecer si las diferencias que resuelven el

problema planteado se indicaban o sugerian en el campo técnico.

Teniendo en cuenta los argumentos expresados arriba, respetuosamente solicito,
se conceda el tifulo de patente a la presente invencion puesto que la misma

cumple con los requisitos de los articulos 28, 30, 14, 21 y 18 de la Decision 486.

4, ANEXOS

. Capitulo reivindicatorio

. Recibo de pago por modificaciones

. Formulario para modificaciones

. Copia de los documentos citados D1y D2,
. Figura comparativa

Sefora Jefe,

Luis Pafifio Leyva
C.C. NM] 6 de Bogotd
T.P.A.N&2698 del C. Sup. de la Judicatura

Calle 94A No, 7A - 09
Teléfonos: 6107420

PATENTES/DR. PATIRO/P20035/MEMORIAL FONDO
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REIVINDICACIONES MODIFICADAS

1. Un compuesto de formula |

"HO

HO

R1

R2

Cyct

R3, R4, R5

R3yR4

RS
|

es hidrégeno, CF3, alquilo(C1-Cy), fenilo,
es hidrégeno,

es -CHo-, -CoHy-, -C3Hg-=, -CH(OH)-, -(C=0)-, -CH=CH-, -CH=CH-CHy-,
-CO-CHy-CHo- 0 bign -CO-NH-CHo-;

eselnimero2 9 3:
es fenilo o tienilo;

son hidrogeno, F, Cl, I, NOg, OH, CN, alquilo(C4-Cg), alcoxi(C4-Cg), O-
CHay-fenilo, OCF3, 8-CHg, COOH, o bien

son conjuntamente -CH=CH-O-, -O-(CHz)p—O-, conp=162 -0O-CFy-O-,
-CH=CH-CH=CH-, y

es hidrégeno.

y sus sales farmacéuticamente aceptables.

2. Un compuesto de férmula | segun la reivindicacién 1, en el cual A esta unido al

anillo de tienilo en la posicion 2.

3. Un compuesto de formula | segun las reivindicacion 1, en el cual

es -CHy-, o bien -CH2-CH»-.



7.

Un compuesto de férmula | segun las reivindicaciones 1 o 2, en el cual

Cyc1 es fenilo,

Un compuesto de férmula | segun las reivindicaciones 1 a 4, en el cual

Cyc1 es tienilo.

Un compuesto de férmula | segun las reivindicaciones 1 a 5, en el cual

Cyc1 estd monosustituido.

Un medicamento que contiene uno o mas de los compuestos seglin una o mas

de las reivindicaciones 1 a 6.
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Nat-Glucose Cotransporter Inhibitors as Antidiabetics. L
Synthesis and Pharmacological Properties of 4'-Dehydroxyphlorizin

Derivatives Based on a New Concept

Loonii TSUTARA,* Mitsuya Hongy, Kunio SA1To, Masanori Inamasu, Kenji ARaRaWA,

Adura Oxu, and Mamore MATSUMOTO

Land Qptimizarion Research Loboratory, Tunabe Seipaku Co,, Lid,, 2-2-50 Kawagishi, Toda-shi, Seitame 335, Japan.

Received October 1995; accepted Febrary 5, 1996

Based on ouvx mew concept that inhibitors of the Na™-glucose cotrapsporter (SGLT) would be uvseful s
aptidiabetics, 4'-dehydroxyphloricin derivatives la—-f were designed, synthesized, and examined for varous
pharmacological properties related to antidiabetie activity. lo normal rais, 1a,¢ and phlorizin showed a strong
SGLT-inhibitory effect and significantly increased urinary glucose op ntraperitoneal administration at 10 mg/ke,
thotgh only la resulted in exerction of Jarge quaptities of nuimary plucose on oral asdministration af 100mg/kg.
Cowpounds 1a, e, and phlorizin markedly inhibited glucose uptake fo the small intesting during enteric perfusion in
normal rats. Compound 1a had a significant reducing effect oa blood glucose in the glucose tolerance test in mice
wheu administered orally and also lowered blood glucase in streptozotocin-induced diabetic rats. The aglycons 2a, e
of 1a,e, apd 1a showed weak inbibitury effects on the facilitated glucose transporter-l (GLUT-1) in human
erythrocytes, while phloretin had a strong inhibitory effect on GLUT-1. Compovnd la caused no apparent renal
damage in rats when sdministered orally at 1g fkg for 4 successive weeks. Thus, 1a was considered to be a promisiug
candidate s a lead compomnd for antidiabetics of 2 new type, and was selected for furthex pharmacological evaluation.

Key words  antidiabetic; Ma¥-glucose cotvansporter inhibitor; phlorizin; 4-dehydroxyphlonzin

The incidence of diabetes mellitus, especially non-
rmsulin-dependent diabetes mellitus (INIDDM), has been
incrensing. markedly in the developed countries. One of
the main reasons for this phenomenon is thought to be
excess energy intake due to hyperphagia. Therefore,
anti-obesity drugs such as appetite suppressants,’ ab-
sorption mbibitors,® and thermogenic stimulators® have
besn developed as antidiabetics. Blood glucose produces
varions glycated proteins in tissues non-enzymatically, and
i the state of hyperslycemia, these glycated proteins give
13e 10 the diabetes complications. ! Therefore, a eategory
ol drug that would enable patients to escape from the state
of chronic byperglycemia is expected to be useful for the
prophylaxis or weatmment of diabetes. We have hypothe-
sized that inhibitors of the Na“-glucose cotransporter
{SGLT) would be suitable for this purpose. SGLT, which
zxists ou the chorionic membrane of the intestine and
the }ighxe)ﬁ actively transports glucose by coupling with
Na T

Phlorizin was reported to be a selective inhibitor of
SGLT,” but there has been no attempt to use phlorizin
as an antidiabetic. We considered that compounds with
au inhibitory effect on SGLT might be able not only to
inhibit glucose uptake at the intesting, but also to stimulate

HO O
HOOH

blood glucose excretion into upme directly at the kidney,
and they might be useful in the treatment of diabetes, in
preventing chronic hyperglycemia.

In this paper, we describe the design of SGLT inhibitors
as candidate antidiabetic drugs. 4-Dehydroxyphlorizin
derivatives were synthesized and thewr pharmacological
properties, such as SGLT-nlnbitory effect, prowmotion
of urinary plucose excretion, bleed glucose reduction,
inhibition of glucose uptake in the small mtestine, ere.,
were examined in normal and diabetic rats and normal
privie-H

Drog Design Phlorizin was found in the last century
and studied as a promoter of urinary glucose excretion.
It is aninhibitor of SGLT, preventing renal tubular glucose
reabsorption and promoting excretion of glucose, 30 that
the blood glucese level is controlled.” Based on this action
of phlorizin, it has been nsed as a blood glucose-lowenng
reagent to verify the glucose toxicity theory.® Namely,
when the blood glucose level in diabetic animals is con-
trolled to a normal level for 2 long paried by subcutaneous
daily administration of phlorizin without using insulin,
the condition of the animals is normalized.

Phlorizin, however, ‘is considered to have Jitle effect
when administered orally, because {t is hydrolyzed into

Glucose

-

QOH

Phlorizin

HO
'Zitj H0 HO O
4
Ho - glucogidaze
. pg LB,

Phloretin

Chan 1
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2lucose and phloredn, the aglycon of phlorizin, by #-
slusosidase in the intestine.® Moreover, phloretin inhibits
he facilitated glucose transporters (GLUT) very strong-
v Sa, when phloretin is intravenously administered to
itz the glucose concentration in the rat brain is decreased
sbrupily*® Long-term inbibition of GLUT by phloretin
may indiuce injuries in various organs, because GLUT is
distrbuted in almost all tissnes.

‘Therefore, to use a phlorizin derivative as an anti-
diabetie, it must meer the following oriteria. (i) It must
bibibit SGLT selectively, reversibly and strongly. () It
st dnduee urinary excretion of glucose when admin-
wered orally. (1) It must lower high blood glucose ievels
n wdministered orally. (iv) Tts aglycon produced by
bydrolysis must not {ahibit GLUT. (v) It must have low
Loxicity, especially to the kidney. ‘

Phiorizin itself 1neets only criterion 1. Concerning
phiorizin derivatives, it has been reported*® that, the
4.OH group on the B ring is not essential for SGLT
mhibition and the 4-OH group on the A ring i8
s whnangeable for other groups. Based on the study of
Cidovetin, ithe four hiydroxy groups on the A and B rings
were essential to inhibit GLUT in human erythrocytes,*®
I addirion, Hase e¢ al.'® reported that phlorizin strongly
inhibited the Wa™*, K -activated ATPase and the 4-OH
group on the B ring was important for this activity.
Therefore, the 4-0OH group on the B ring may be
responsible for the toxicity. Based on these findings, we
designed  4'-dehydroxyphlomzin  derivacives la-—f as

Ho © A
s . A
+ OAT
Ol AcO ar
QAc

3 4

Wi
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candidate SGLT inhibitors.

Chemistry !
The synthesis of 1a—f was carried out as shown i Chart
2. Diedrich!™ reported that the rsaction of acetophenone
3 with acetylated bromoglucose 4 in aqueous acetone
coptaining KOH gave the glycoside 5 in 32% yield.
Although we tried this method under modified conditions,
the yield of § did not exceed 38% and the purification was
very difficult. After several attempts, Dick’s method ™ was
found 10 be suitable for this glycosylation in greatly
superior yield, Thus, 3 and 4 (2 eq mol) were reacted with
CACO, (4eq mol) as a base in refluxing toluene with
removal of penerated water to afford the desired 5in 71%
yield and the diglycoside 6 as a by-produet in 8% vield.
According to Winget's procedure,™® the glycoside 5 was
condensed with the aldehyde 7a (1.2 ¢q mol) in a mixture
of 50% agueous KOH solution and EiOH at room tem-
perature to provide the chalcone 8a as yellow needles in

 74%. yield, and this was converted into the dihydro-

chalcone 1a by catalytic hydrogenation over 10% Pd on
carbon in BtOH in 90% yield (2 steps, 67% yield). Con-
veniently, catalytic hydrogenation of the alkaline reaction
mixture contaiming crude 8a was found to proceed
smoothly (2 steps, 78% yield). Therefore, Ib—f were
prepared similarly by condensation of 5 with 7b—Ff
followed by catalytic hydrogepation without isolation of
8b—1. On the other hand, the aglycons 2a, ¢ of 1a, ¢, which
exhibited potent SGLT-inhibitory activity, were prepared

o o

Ho o AcO
[#}
1 e o
o +  AgQ
AcO OA¢
@ acQ
o &8

UAG AsO
Ag:
5 B
X — e
\@_ eHo HOo © HY O
; Ta-f Mx Hy mx
— L e o —_— o)
50% KOMaq KO o Pd-G HO o
E1OH ) au
HO HO
QH OH
L 8a-f i Ja-f
7. 08 X 1 x
Y 4. 0OMa a 4 -0
b 2,4 - (OMa)2 b 34+ (OMe);
o Tk - (OMEY2 « 2,5+ (OMe)g
d 24,5 - (OMo)y [ 44,8 - (OMely
a 4-0Bn 8 4 -0
I 34 « {OBR)y 1 3.4~ (OM)y
Chart 2
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DMF E1OH
9

HO O
o —
CHAC

2a, X =4-~0Me
2e, X=4-0H

E1OH
10a, X'ed-OMe
10e, X'=4-OBn

Chart 3

SELT actvity (nmol ~mg protein)
0.0 1.0 2.0

' 1 1 1 -

Control —) (100

Phlanzio

Phlomtin

J (26-8)

o
__l (10,3)

1b i (48, 5)
L—.

1e ‘ (31.8)

1d l 747

1e r:l (9.3)

o i 27,8)

Fie. 1. Bffect of 4-Dehydronyphlorizin Derivitives on Rat Kidaey
SGLT Activity

Compound {10 whi}

{% of control

as shown in Chart 3. When the condensations of 3 with
aldehydes were performed in agqueons EtOH containing
WOH, none of the desired chalsone was obtained and 3
was decornposed, However, 9, the dibenzyl ether of 3, was
condensed with 7a or 7e in an agueous KO solution and
OH to give the chalcone 10a (94%) or 10e (91%),
respectively. They were then hydrogenated to provide the
dihydrochaloones 2a (85%) and 2e (82%), respectively.

Riological Results and Discussion

Using rat repal brush border tnembrape vesicles
(BRMV), the inhibitory effects of the 4'-dehydroxy-
phlorizin derivatives la—f on SGLT were studied, apd
the vesults are shown in Fig. 1. Compounds 1a (4-OMe
derivative) and le (4-OH derivative) showed the most
potent inhibitory effecis (around 90% inhibition), com-
parable tothat of phlorizin. Compounds 1e (2,4-(OMe),
derivative) and 1f (3,4-(OH), denivative) produced about
70%, inhibition. Compound 1b (3,4«(OMe), derivative)

TsBle [, Bfiéer of &-Dehydroxyphlorizin Derivatives on Unnary Glu-
eose Excretion in Rats

—

Urinary glncose (mg/24h)
Compound
10 mg/kg, i.p. 100 mg/kg, p-o.
Comtrol 34 1 3ede 1
Phorizin 3204235 11£ 6
ia 2041 8 180 4 52
1h 72 2x !
1c 3£ 0 3+ 1
d i+ Q 2401
e 329+ 7 G0t 9
ir 434 14 2+ 1

Bach valve represents the mean+S.E. (- 3)-

showed about 50% inhibition and 1d (3,4,5-(OMc),
derivative) was less potent. Therefore, it became clear that
the substituent groups on the B-ming contributed to the
inhimtory effect.

Next, the sffect of these derivatives on urinary glucose
excretion was investigated. Normal rats were given the
compounds orally or intraperitonsally and glucoss in urine
collected for 24 h was measured, The results are shown in
Table 1. When piven intraperitongally at 10mg/kg, 1a,e
and phiorizin induced marked vrinary excretion of glucose,
while 1f showed a weak effect, and 1b—d were inactive,
The cffects of these derivatives on urinary glucose excretion
correlate with the SGLT-inhibitory activities, except in the
case of 1e, This result stromgly suggests thatl urinary
slucose excretion is induced by the inhibition of SGLT in
the kidney. On the other hand, when the compounds were
given orally at 100mg/kg, pblorizin had litle effect on
urinary ghucose level, This is reasonable, becavse phlortzin
is hydrolyzed to glucose and phloretin by f-ghucosidase
in the small intestine. However, 1a markedly increased
urinary glucose and henee la was considered to be more
stable to f-glucosidase than phlorizin, Compound le also
moderately induced urinzry glucose excretion, but the
polysubstituted compounds 1b—d, f had no effect.

The inhibitory effects of those dervatives on glucoss
uptake in the small intestine were studied using an enteric

“perfusion techmigue in normal rats. The results are shown

in Table 2. Compounds 1a,¢ had stromg activities
equivalent to that of phlorizin, and 1e,f were less acuive.
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hle 2. Inlibitory Bffscts of 4-Dehydroxyphlotizin Derivatives on
Uptake in Rat Small Tawstine

Cornpound Inhsbiton (%)
Fhorzin 61.247.9%F
1A 50,5 £ 5.6™
1h 167168
1e i 428 £35.6*
1d 1141352
te 64,5 44.1*
1f WTLLTE

vneh velue reprcscnm the mean = 8,5, (n=4),  » p<0.05, w# p<0.01 v5. contral,

25y~

200

yeei

{3

SR

1 2
Time {(h)

Effect of 4'-Dehydroxyphlorizin Derivatives on  Glucose
olgrancs W Mice

Luzeh sainple wag adminisuered immedistely before a subeutineous load of glucose
(1 p/kg)- Points and bars represent the meaps and $.8- (n=6). O, m_mrol; » _h
100 mE/kes pooui U1, 1d (100mg/ke, po. A, phlorizin (30mp/kg, i.p.) Signifie
cantly diflerent from sontral (w p<0.05, »+p-<0.01).

These results showed a good correlation to SGLT-inhibi-
lory activity in the kidney and also to urinary glucose
excretion after intrapentoneal administration, except in
the case of e,

Next, the effects of 1a,d on glucose toleranse in mice
were examined and the results are shown in Fig. 2,
{*hlorizin, the positive control, strongly lowered the blood
slucose Jevel at 30 mg/kg on imtraperitoneal admimistra-
tion. On the other hand, la which markedly induced
unnary excretion of glucose, lowered the blood glucose
lgvel to a normal level on oral administration at 100 mg/kg.
Compound 1d, which had no effect on urinary glucose,
showed no effect. These results suggest that 1a Jowered
nivod ghucose level through enhancing wrinary glucose
zsoration, Next, the effect of la on the blood glucose
concentration in streptozotocin (8TZ)-induced diabetic
rats was examined. The results are shown in Fig, 3. The

aral administration of la at 100 mgfkg lowered blood:

ghicote to about 100mg/dl 30min after administration,
and the effect lasted at least 2h in STZ-induced diabetic
1ats.

The inhibitory effects of 2a,e and phloretin, aglycons
of Ta, e 2nd phlorizin, and 1a itself on GLUT-1 in human
crythrooytes were also studied. As shown in Fig, 4, 2a,e
and la itself had only a weak GLUT-1-iphibitory effect
but phloretin inhibited GLUT-1 very strongly. Rosenberg
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Fig. 3. Effect of Compound Ia on Blood Glucose Level in Strepto-
zotocip-tnduced Diabetic Rats

Paiats and burs represent the means and S.E (nw 5). O, conrol, @, Ta (100
mg/ks, p.oo). Significantly diffcrent from control (v p «0.01).

1&000’1

Aadivactlvily {dprm}

Time ($)

Fig. 4. Effect of Fhloretin and Aglycons on Glucese Transport in
Erythrooytes

O, controk @, phlotstin QOuMY; [3, Za (10 m); A, Ze (10040, W, 1o (10 ),

and Wilbrandt® reported that the four hydroxy groups
of phloretin were necessary to inhibit the glucose trans-
porter in human erythrocytes; the activity was reduced
markedly when even one of four hydroxy groups was
methylated, Therefore, it is reasonable that 2a and 2e,
25 4-dehydroxyphloretin derivatives, bad only weak ac-
tivities.

Tt must be considered that these compounds, as in-
bibitors of SGLT on the repal tubule, might induge ad-
ney damage. Phlorizin has been reported to induce kid-
ney injury,’® though no details were given. Recently,
Gouvea® studied the effect of phlorizin on gentamicin-
induced renal damage and reported that phlorizin induced
mayked excretion of vwrinary glocose, but showed no
adverse influence on renal function or morphology in rats
when subcutancously administered at massive doses for
15 successive days. In our study, 1a produced po sign of
renal damage when administered orally at 1 g/ke for 4
successive weeks in rats (data not shown). The inhibitory
effect of phlotizin on SGLT has been reported to be
reversibly antagonistic with respect to glucose.” Com-
pounds thar antagonistically and reversibly nhibit SGLT
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¢y thus have no adverse effects on the kidney.

{1 conclusion, 1a inhibited glncose uptake in the small
intestine and glucose reuptake in the kidney through
inhibition of SGLT on these organs when administered
orally, so that 1a was able 10 lower high blood glucose
levels in normal mice and STZ-induced diabetic rats
directly without mediation of its action by insulin. It did
rot induce cither hypoglycemia or toxic signs, imcluding
renal domase in rats, and the GLUT-1-inhibitory effects
ol the aglycon 2a and 1a itself were very weak. Therefore,
1 seemns to meet the five eritenia for SGLT nhibitors 1o
be usable as antidiabetios (see Drug Design section).
Compound 1ais considered to be a suitable lead compound
for new-type antidiabetics, and has been selected for
further pharmacological evaluation.

Varperivnental

Al weldng points were determined on a Biichi 535 digital melting
Lot apparatus and are wneorrected. Infrared (IR) spestra were taken
oo Hitachi IR-215 or an Analect FX.6200 FT-IR spectrophotomaeret,
'e-NMR gpectrs were recorded om a Hitachi R-80H or a JEOL
INM-FXA200 specirometer. Mass spectra ware recerded on 2 Hitachi
MU-6 or g TEOL IMS.HX 100 mass spectrometer, Microanalyses were
perfovmed on a Parkin-Ehner 2400 ¢, H, N enalyzer.

2’ 6’-Dibydroxyacetophenone 2/-0-(2,3,4,6-O-Tetrascetyl-f-n-gloco-
pyraneside) (5) A mixture of 2',&-dihydroxyscetophepons 3 (S0,
0.33mol) and CACO, (227 g, 1.32m0l) in toluene (4 1) wus refloxed for
Ll with removal of the penerated water in o Dean—8tatk apparatus:
hen acetobromoglucose 4 (270 g, 0.66 mol) was added and the whele
as heated al reflux for 18 k. The hot mixwre was filtered through a
plug of Celite and the solid was washed with hot CHC3,. The filtrate
und the washing wers combined and evaporated, ‘The resultant residue
wus triturated in MeOH to provide a pale yellow solid, which was
subjected to column chromatography to afford 5 (1138, 71%) from the
firsy eluate and the diglycoside ¢ (212, §%) from the second eluate.
Compound 3: colorless needles, mp 200,5—201.5°C (Lit*™ mp
201203 °C). TR (Nujeld): 1760, 1740, 1630 em ™Y, 'H-NMR (DM50-d;)
o7 1,96 (3H, 8), 2.01 (6H, §), 2.02 (3H, 9, 2.35 (3H, ), 4.05-—4.30 (3K,
mh, 4.9 (VH, dd, J=8.9, 9.3 ), 5.05 (IH, dd, J=8.0, 9.7Hz), 5.41
(L S=9.6HE), 5.55 (IH, d, 7=8.1Hz), 6.61 (1H, ¢, 7=38.3 Hz), 6.63
011, d, = 8.3 He), 7.26 (1H, t, J=3,3 Hz), 10.31 (1H, ), FAB-MS m/z:
483 (M- H)*. Compoynd 6: colotless needles, mp 183—189.5°C. IR
MNujoly 1750, 1740, 1710cm ™ 1. *H-NMR (DMSO-4y) 5: 1.96 (6H, s).
2.00 (6H, ), 2.01 (8H, 5), 2.02 (6H, ), 2.21 (3H, &), 4.08 (ZH, m), 4.22
(411, m), 4.99 (4H, 1), 5.39 (21, 1, J=5.6Hz), 5.53 (2H, 4, J=5.1 ),
620 (2H, d, J=§.5Hx), 741 (1H, 1, f=8.5Hz). FAB-MS m/z 835
M+ Na)+.

2',6"-Dikydroxy-4~-methoxychalcont 2-0-f-D-Glucopyranoside (82) A
seludon of KOH (10g) in H O (10ml) was 2dded to a suspension of &
(#.65 g, 20mmel) in EAOH (100 ml}) and the mixturs was stitred ut toom
winperature for 10min Then p-asisaldehyde 7a (3,27, 24mmol) was
wided and the whale was stirred ar room \emperatura for 18k, The
rcaction mixture way acidified with 10% HClto pH 5 undér ice-cooling.
‘the resulting yellow peedics were collecied by filiration, washed with
water and. then ¥t,0, and dried to give 8 (6.36g, 74%), mp 136—
40%C (i’ ® mp around 126°C). TR (Nujol): 3540, 3480, 3320, 3240,
1630 cm ™" "H-NMR (DMSO-45) 81 3.10~3.40 (4H, m), 3.47 (14, m),
3,69 (14, ddd, J=1.7, 5.3, 11.5Hz), 3.81 (3H, 8), 4.58 (18, 1, J=5.7Hz),
503 (14, 4, Im6.9 1), 5,04 (11, &, J=5.5%7), 5.06 (1H, d, J=52Hz),
5.09 (1H, d, J=5.3Hz), 6.59 (1H, d, 7=8.3 Hz), 6.72 (1H, 4, J=8.1 Hz),
6.9% (2K, 4, J=83Hz), 7.29 (14, t, J=283Hz), 740 (1H, 4, /=155
Haz), 747 (18, d, J=160H2), 7.71 3H, d, /=88 Hz), 11.02 (1H, s).
SAB-MS n/m 433 (M +H)™.

2',6"-Diliydroxy-4-methoxydibydrochideone 2/~0-f-p-Glucopyrangside
{1a) A solutden of §a (7.30g, 16.90mmol) in EtOH (150ml) was
Wydrogemated over 10% FPaA-C (2.00g) wnder B, (1atm) at room
wemperature fox Lh The catalyst was removed by filraton and the
Hltrate was concentrated to dryness, The residue was erystallized from
EtOH-H,;Q to give 1a (6.57g, 90%) as pale yellow ncedles, mp
105107302 Ue*® mp I106—108°C). IR (Nujol): 3440, 3400, 3240,
1620 om ™%, LH-NMR (DMSO-dg) 8: 2.84 (2H, &, J= 7.9 Hz), 3.19—3,49
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(7H, ), 3.70 (1, m), 3.7} (3H, s), 4.56 (11, ¢, J=5.4Hz), 4.9 (14,
d, J=73Hz), 5.03 (14, d, /=4.5Hz), 5.10 1H, d, /=4.4Hz), 522 (14,
d, J== 49 Hz), 6.55 (1H, &, J=8.3 Hz), 6.67 (15, d, /=83Hz), §.81 21,
4, Je=8.8R), .17 (2H, 4, J=28T), 724 (1K, t, J=83Hz), 10.99
(IH, §). FAB-MS mjz 435 (M+H)". Anal Caled for CanHyo Oy
1/4H,0: C, 60.20; H, 6.05. Found: C, 60.36; H, 6.14.

Synthesis of )a without Isolation of 83 5 (3.31g 6.86mmol) Was
condensed with 74 (1,12 g, 8.23 mmol) by the same proceditre as doseribed
for the synthesis of 8a. The repction rnixture comaining 8a was difuted
with water and washed with toluene to remove ¢icess 7a. The agqueous
layer was hydrogenated over 10% P4—C (0.15g) at room temperalurs
for 2k, The catalyst was removed by filiration and the filirats was
neatralized with 10% HC and extracied with AGOEL The organic layer
was washed with water and dized over MgS0,. The solvent was remaoved
and the residue was crysallized from BtOH-H,0 10 pive 1a (2315,
78%), which was identical with the sample obtained a5 deseribed above.

Campouvnds 1b—F were preparcd in the same manner as deseribed
abave.

1b: Yield 51% as pale yellow needles, mp 1761785 *C (MeCH). TR
{Nujol); 3560, 3490, 2460, 1620em ™1, *H-NMR (DMSQ-d,) §1 2.84 (2H,
v, J=176Hz), 3.10=3.55 (TH, m), 370 (3, &), 3.71 (1H, m), 3.73 QH,
£),4.56 (VH, 1, J=5.6 Hz), 492 (1H, d,/ = 6.8 {z), 5,03 (1H, 4, J=4.0 Hz),
500 (1H, d, J=4 A Hz), 5.22 (1K, &, J=4. Hz), 6,55 QH, ¢, /=83 Hy),
668 (1H, d, /=8§3Hz), 6.74 (1H, dd, J=2.0, 8.3Hz), 6.78 (iH, &
J=81Hz), 6.84 (1H, 4, Ja20Hz), 7.25 (15, 1, J=$.3Hz), 11.06 (IH,
2). FAB-MS imfn 465 (M-+H)*. Anal. Caled for CpaHeyO ot C, 59.43;
H, 6,08, Found: C, 59.54; H, 6.17.

Te: Yield 69% as pale yellow needles, mp 86—89 °C (ACORBt-is0aPr;0).
IR (Nujel)y: 3400, 1630cm™?. *H-NMR (DMSO-dg) §: 2.78 (2H,
J=17.3Hz), 3.10--3.55 (74, m), 3.70 (1H, m), 3.72 (3H, 5), 3.7 (3H. s},
&.55 (1H, 1, J=5.6F2), 45! (1K, d, J=73Hz), 5.02 (1H, d. J= 4.0 Hz),
5.08 (18, d, /=39Hz), 5.]2 (1H, d, J=493Hz), 641 (1H, dd, J= 2.0,
7.3 Hz), 6,50 (1H, ¢, S=2.0Hz), 6.55 (1H, 4, J=8.3Hz), 6:67 (1H, d,
J=18,3H2), 7.06 (0H, d, J=7.8Hz), 7.24 (K, t, J=83H), [1.01 (1K,
5), FAB-MS m/z 465 (M +H)". Anal, Celed for Cp3H 04 1/2H,O;
€, 58.35; H, 6.17, Found: C, 58.56; H, 6.13,

14: Yield 54% 2 a white powder, mp 136,513 °C (Br, Q). TR (Nujol):
3420, 1630em ™t 'H-NMR (DMSQ-dg) &: 281 (2H, 1, /=7.1K=),
3.10—3.55 (TH. m), 3,70 (1K .m), .73 (3H, &), 5.75 (3H, 5), 3.77 (3H,
8. 454 (1,4, J=5.6 42, 4.91 (UM, d, 7= 6.8 HZ), 5.02 (1H, @, J = 4.9 Hz),
508 (1H, &, y=2.912), 5.14 (1H, d, J=4.9 =), 6,35 (1H, d, /=18 Hz),
6.66 (1Y, d. J=2.4Hz), 6.70 (1H, &, J=2,9Hz), 6.50 (14, d, 7 =83 Hz),
724 (1H, t, )= 8.3 Hz), 10,94 (11, 5), FAB-MS m/z: 455 (M +H)" . Anal.
Calod for CzaHoO117 C, 98.29; B, 6.12. Found; C, 5822; H, 6.11.

1¢; Yield 62% as pale yellow needles, mp 133-—135°C (BtOH-H,O)
2.'® mp 134—136°C). IR (Nujol): 3520, 3400, 1620cm™ L *H-NME
(DMSO-dg) & 2.78 (2H, t, J=T7.6 Hz), 3.20 (2H, 1. J="7.6 Hz), 3.} 03 55
(3H, m), 3.70 (1H, dd, J=4.6, 11.0Hz), 4.56 (1¥, v, J=35.6Hz), 491
(1K, d, J=6.8 Hz), 5.03 (11, d, J=4 8 Hz), 5.09 (1H, d, /=3.9Hz), 5.22
(1H, &, J=4.9H2), 6.34 (1H, &, T« I H2), 6.64 (1F, 4, =3 B H), 6.67
(1H, d, 7=8.3 Hz), 7.05 (2H, 4, J=8.3H2), 7.24 (1H, 1, /=83 Hz), 9.08
(1H, br), 11.00 (1H, br), FAB-MS mjz: 421 (M+H)*. Anal. Caled for
Cq, Hao Oy - 1/2H, O C, 58.74; H, 5.47. Found: C, 58.9%; H, 5.57.

10: Yield 52% a& a pale yellow powder, mp 75—80°C (AcOEi-so-
Pr,O) IR (Nujal): 3380, 1650 cm ™', "H-NMR (DMSO-dg) &: 2.72 (3H,
t, J="7.6 Hz), 3.10-3.55 (7H, m), 3.70 (1H, d, /=11.7Hzg), 455 (1}, br),
490 (1H, 4, J=7.3 Hz). 4.80-5.40 (34, br), 6.45>—6.62 (4H, m). 6.67 (1H,
d, F=8.3Hz), 724 (IH. 1, J=83Hz), 861 (2H, bo), 11.02 (1H, br).
FAB-MS m/z: 437 M +)"*. dnal. Caled for Ca Hpy Q00 1/4H,0:
57.21; H, 5.60. Found: C, 57.3§; H, 5.90.

2,6 -Dibenzyloxyacctophenone (9) A mixture of 3 (1322g 100
mmol), benzy] bromide (63.42 g, 400mrmol) and X,CO, (1385, Imol)
in N,N-dimethylformamide (ODMF) (300 ml) was stirred at §0°C for .55
The mixture was filtered and the filtrate was evaporated in vacue. The
residue was dissolved in AcOEL, and the solution was washed with water
and brine, dricqd, and evaparated i vacwo. The residus was orystallized
frem toluene-herans to afford 9 (29.63 g, 89%) as colatless needles, rmp
68.5—70*C. IR (Nujol)x 1700cm 1, 'H-NMR (CDCly) 3; 2.49 (3K, 3),
:3-08+ (44, ), 6.5% (2H, dd, J=0.4, §.3Hz), 7.35 (11H, m). MS mfz: 332
).

2',6’-Dibenzyloxy-4-methoxychalcome (10a) A mixture of ¥ (3.32¢,
10 mmol), 7a (1.63 g, 12mmel), 50% aqueous KOH (5ml) and EtOH
(S0ml) was sticred at room temperature for 3h. The mixuure was
evaporuted and dilured with water, The precipitated solid was collented

al
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by f(iltravion, washed with waler, dried, and recrystallized from E¢OH-
1,0 10 give 10a (4.26 g, 94%) as yellow crystals, mp 120—121°C. IR
hivjel): 1550 con™ b, MHLNMER (CDCL,) 8: 3.82 (3H, 5), 5.08 (4H, 5), 6,61
1, 4, T 847, 6.78~7.48 (1TH, m). M3 m/z: 430 M),

2 4 6" -Tribeizyloxychalconc (10€)  10e was prepared by the condensa-
o of 9 (1.02g, 6.08 mmel) with Te (1.55g, 7.30mmel) in the same
ance a5 described for the synthesis of 10a. Yellow orystals (2.91g,
9%, recrystallized from AcOReEL0), mp 122-=125°C. IR MNujol):
1670cm ™t YH-NMR (CDCl) 8 5.07 (48, 5), 5,08 (2H, ), 6.61 (2H,
4, J=86H2), 6.68 (1H, d, J=160H2), 695 (M, 4, J=90H),
712747 (19H, m). EAB-MS m/=: 527 (M+H)*.

2 6/Tripydroxy-d-methoxydihydrochaleane (2a) A solution of 10a
g.7.32 minal) in BLOH (50 ml) 2nd AcOE!L (30ml) was hydrogenated
10% Pd-C (0.83 g) under H; (1 atm) at room lemperature for 3h.
e catalyst was temoved by filuation and the filtrate was evaporated
i vacue, The residue was ervatallized from tolusne—hexane to give 2a
. §5%) a3 pale yoilow prisms, mp 125—131°C. TR (Nujol): 3260,
D™ VEENMERE (CDGCL) 80 2.97 (@H, @, J=7.6Hz), 3.43 QH,
S 7.6 Hz), 3.79 (3K, §), 6.38 (2H, 4, J=4£.3Hz), 6.83 (21, dad, J=2.0,
2.7, R3TL), 7.16 (2H, dd, /=24, §.3HZ), 7.22 (1H, 1, J=83 ), 9.51
(OF, 51 MS mfz 272 (M*), Anal. Caled for CygHy40.: C, 70.58; H,
5.92. Found: €, 70.51; H, §.83.

2',4,6"-Trinydroxydihiydrochalcone (26) A solution of 10a (287g.
Sabmmol) in retrabydrofuran (THF) (50ml) was hydrogenated over
0% PA-C (0.5 %) under H; (1 atm) 2t room temperature for 2.3h. The
salyst was removed by filtration and the filtrate was evaporated 3
veono. The retidue was crystallized from 1so-Pr,O=tojuene to give 2e
Clae, $29%) us pale yellow erystals, mp 160—172.3°C (lit>™ mp
155,5—156°C, from aqueous BtOM). IR (Nujol): 3280, 1630em~'.
YH-NMR (DMSO-d,) 3: 2,79 (2H, 1, J="7.6Hz). 3.29 (2H, t, J=7.8 H2),
6.37 (261, d.J=8.3Hz), 6,67 (21, d, J=8,8 1), 7.03 (2H, 4, J=8.3 Hz),
123 (I, 1, 7=8.3Hz), .14 (1H, 5), 11.67 (2H, s). MS m/z: 258 (M ™).
Anal, Cakwed for C)yH,,Q4 C, 69.76; ¥, 5.46. Found: C, 69.79; H, 5.64.

Tuhibition on Rat ¥idney SGLT Activity Male Sprague-Dawley (SD)
ratg (10--13 weeks old) wore tsed. Brush Dorder membrans vesicles
(DBEMV) from the rat kidney were prepared according to the method of
Hugasawa et al’® The prorein concentration was measured by use of
ilpomnssie protein assay kit (Plerce) and diluted with buffer A (10 mbds
Vi s/ Tris (pH 7.4), 100 v manaitol) to 4 mg/ml protein conceprmrion,
Asgzay wbes containing 50 4d of BBMV suspension (0.2 mg, protein}
and 100 pl ofbuffer A containing 1% (v/v) of DM SO or DMEO schution
ol the test compounds (final copesntration, 10 ) were preiicubated at
37*Q for 2min. Then 50 4l of bufler A containing 0.4 gast D-glucose (final
concentration, 0.1 mnd), 400 mp NaSCN (final concentration, 100 mas),
and 20 gCifml [PH]glucoss (final radicactivity, 1 uCl) was added. The
ussay tubes were incubated a1 37 *Cfor 5 5. Theincubation was terminated
Ly addition of Lsml of ice-cold stopping sohution (10my Hepes/Tris
G0 7.4), 150 mM NaCl, 0.3 mm phiorizin) followed by rapid fluration
sitough a membrang filter (nitroectiulose, 25mm ¢, pore sizs 0.45 pmm,
saivaniee). The filfer was washed with 4.5ml of the stopping solution,
i Len the radioactivity of the pellct was measured with a liquid seintil-
lation couptar (Tricarb 2200CA, Packard).

Measurement of Urivary Glucose Excretion Male SE2 rats (6 weeks
old) were used. Tost compounds were admtinistersd twice, with an Bh
interval, at 10mg/ke, ip. or at W00 mg/kg, p.o. The volume of injecton
was kept at § ml/kg and aa equal voluime of the vehicle was piven 1o the
control group. Usine was collected for 24 h aftor first administication and
urnacy ghieose was measured by use of @ glusose analyzer (Apes).

Tnhibition of Glucose Uptake in the Small Intestine Male 3D rats
=T wocks 0ld) were starved overmight. ‘The glucose absorption in the
small jptesting was measured by the circulating method deseribed hy
Kawaguehi, ' Rats were anesthetized with pentobarbital (50 mg/ficg, i.p.)
and the abdomen was opencd lengthwise. The small intestine at Zom
{yom Treitz’ hgament was cannulated 1o introduce the sirenlating solution
and the tube was connected with 2 peristaltie pump, The small intestine
a2t 25em from that position toward the apus was cannulated 1o Temove
the ciroulating solution and the sbdomen was closed. The circulating
solutdon (Sm glucose containing 0.9% MNaCl and 1% DMSO, 20ml)
with or vithout a test cormpannd (0.5 mm) was kept at 38 *C and circulated
ot 4wdfmin after fushing with 0.9% saline for 30min. One drop of
sroulating solution was sampled at 0, 15, 30, 45, and 60 min, and the
soneentration of gliecose was measured by ghicose oxidase assay (new
Blood sugar test, Boehringer Mannhéim), The inhibition (%) was
calenlated from the following equarion,
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inhibition (%)= (4—B)[4 » 100

where A i3 the mean raw of glucose absorption ftom the cirenlating
solution without test compound #nd B is that with test compound.

Blood Glucose-Reducing Effect in Glucose Toleranca Test  Male ddY
raice (8 weeks old) were starved overnight. Test compounds (100 me/ke,
p.0.) or phlorizin (30 mg/kg, L.p.} were administered inumediately before
subcutancous loading of glucost (1 g/kg). The eantrol group yeceived
glucose only. Blood was sampled from the (ail vein at 0.5, 1, and 2h
luter. Blood glucose levels were measured with The new blond sugar test
(Bochringer Mannheim),

Effect of Compound Ja on Blood Glucese Level in STZ-Induced Dinbetic
Rats  Male SD rats (6 weeks old) were starved overnight. Streptozotocin
was adrdnistered at 50mg/kg, Lv. After 1 weck, compound ta (100
wg/ke, p.o.) was administered and blood was sampled from the vein at
0.5, 1, 2pd 2h later. Blood glucese levels were measured with the new
blood tugar west (Boehringer Manaheim)-

Glucose Transport in Erythrocytes Fresh human biood from healthy
donors was used. The eryrhrocytes were made substantially glucose-free
by washing them four times with 10 volumes of phosphate-buffered ssline
(PES; Dulbecco’s formula withowt mapnesium and caleivny) and then
resuspended in PBS to give a hematocrit value 0f 20%. The cell suspension
(100 1) was placed in 4 centrifuge tube and 100 ul of PBY containing
1my p-[*H]glucose (15.5kBq), 2mM D-plucose and test compound
(20 z) was added with mixing. After incubation of the lube for 0—60¢
at 4°C, 1 m! of jescold stopping solution (0.3 v phloretin/PBS) was
added. Erythrocytes were sedimented by centrifugation 2nd washed once
with the stopping solution. The pedlet was lysed with 100 gl of H,O and
deproteinized with 0.6 mi of 5% trichloroacetic acid, An aliquot (0.4m))
of supernatant was meutralized with 3 NaOH and the radioactivity
was measured by liquid scintillation counting.

Adknowledgment We are grate(ul 1o Emeritus Professer Jun Kawada
of Tokushima University for his helpful comments apd discussions.
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Sbstract

Reaction of 2.3 4, 6-tetra-O-acetyl- B-D-glucopyranosyl isothiocyanate 5 with diethyl malonate in a basic medivm
eave the comesponding glucopyranosyl thicamide without significant deacetylation. This thigamide in solution
prosents Z-ansd as the sole configuration. Reactions of 5 with carbanions which have an ethoxycarbonyl group
sre a way io prepare anomerically pure N-nucleoside derivatives of pyrrole and tetrahydropyridine, Reactions of
5 with carbanions stabilized by on¢ cyano group are used to prepare glucosylamino thiophenes with anly the
R-configuration. Some other stereochemical aspects of the prepared compounds are discussed. © 1998 Elsevier
science Lid. All rights reserved.

1. Introduction

Sugar isothiocyanates are versatile starting matetials in the syntheses of several types of glycoconju-
sates of biological interest.) Of the shgar isothiocyanares, the glycosyl ones are the most useful, which
hss prompted the development of both preparation procedures!™ and synthetic applications.*¥ At the
saine dme, the nucleosides and aminothiophenes are interesting chemotherapeutic tools in the trearment
of varions infections diseases,'® which has originated an increasing demand for new compounds, and
considerable effort is being directed towards the syntheses of nucleoside analogues. In the framework of
a program aimed at the development of sugar isothiocyanate chemistry, in this paper we report on the re-
actians of 2,3,4,6-tetra-O-acetyl-B-D-glucapyranosyl isothiocyanate,!! as an example of easily available
alycosyl isothiocyanate, and different carbon bases. We also explore the use of the comesponding adducts
i the preparation of pyrrole and pyridine nucleoside derivatives and of glycosylaminothiophenes. Many
‘cuctions of sugar isothiocyanates with N-, O- and S-nucleophiles have been studied; 1% however, the
Jata on reactions with carbon bases are very scarce and limited to enamines as nucleophiles.™1?

0P57-4 16658/ - see front metter © 1998 Elsevier Scicnee Lid. Al tights reserved.
Fil-50957-4166(98)00243-2
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OFt

&b (Z-5yn)

6x (Z-anti)

Fig. 1. Conformational stercoisomers by rotation around the C1'=N bond of 6

2. Resnolts and discussion

‘Commercially available diethyl malonate, ethyl ¢cyanoacetate, phenylthioacetonitrile, cyanoacetamide
and malonodinitrile, and the newly synthesized phenacy! and acetonyl derivatives of diethy! malonats
1-3 and of malonodinitrile 4 were used to generate carbanions to study their reactions with 2,3,4,6-tetra-
O-acetyl-B-D-glucopyranosyl isothiocyanate 5. Compounds 1-4 were prepared by alkylation of diethyl
malonate or malonodinitrile with the corresponding o-haloketone in the presence of sodium hydride
under a niogen atmosphere. The stractures 1-4 were supported by IR, 'H- and PC-NMR, and mass
spectroscopic data (see Experimental).

DA

Q Ry
1-4 Q
)k‘/l\ Aco/&/ NCS
Ry Ry Ach)

AcO
1 b a 4 5

Ry} COqE: COgEr CO.Bt CN

Ry | Ph p-Cl-CgHy Me Ph

2.1, Reactions of the glucasyl isothiocyanate 5 with carbanions having rwo esier groups

Reaction of the isothiocyanate 5 with diethyl malonate in a basic medium produced the N-
glucosylthioamide 6 (Fig. 1), whose analytical and spectroscopic (Table 1 and Experimental) data were
in agreement with the proposed structure. The hydrogen bond between the NH and an ethoxycarbonyl
group, shown in Fig. 1, was evident from the chemical shift of NH (9.55 ppm, close to that for other
strongly chelated amino groups®), and from the existence of two different resonances in the PC-NMR
spectrum at 165 (CO chelated) and 164 ppm (COQ free) for the ethoxycarbonyl groups.

The sugar amides and thioamides can exist in four configurational aud conformatiopal stereoisomers
(Fig, 2), and because of the important biological role of many glycoconjugates with an amido function,
such as glycopeptides, glycolipids, calicheamicins,'® and istamycins,? it is very interesting to know the
exact stereochemistry of any amidosngar. This ¢an be a way to rationalize the role of these compounds
in molecular recognition or enzyme inhibition phenomena. The aforementioned equilibrinm has been
evaluated for several types of amidosugar derivative!® and the Z-an# as sole conformer or mixwmres of Z-
ansi and Z-syn conformers have been described as predominant stereoisomers. The recent observation!'®
that the value (9-11 Hz) for the */i i between the NH and the vicinal CH sugar proton (H-) or H-2) is
compatible with both the antiperiplanar and synperiplanar arrangements of NH and CH bas demonstrated
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Table 1
Selected NMR data (5, ppm; J, Hz) for compounds 6-14, 18-22, and 2526 in CDCly

Comp. B Syre e Jix Bcr s o
(Y 9554 §75dd 5.1 935 £1.7 957
7 11.21d 583t 82 8.2 1.9 196.5
% 11.15d 582 3.2 22 §1.9 195.4
9 10.30d 5.78d& 7.7 85 81.9 196.5
10° - 6.46d - 9.6 313 193.8

- 6.40bd - 9.6 81.2 1937
11 - 4.77d - 86 92.0 166.3
12 - 4.714 - . 8.4 2.3 164.7
13 - 6.60d - 5.6 53 196.7
14 - 4,884 - 8.7 89,2 165.4

- 4.71d - 8.7 20.5 166.7
18 10.324 5.59dd 7.8 5.4 ; 82,3 -
19 7.104 5.424d 83 9.4 83.3 -
20 6.54d 4,651 9.5 9.5 84.9 -
21 B.66d 4_661 a5 95 £84.5 -
22 6.77d 47T 9.5 9.5 34.4 -
25 - 4.88d - 95 89.2 .
26 - 4714 B 9.5 0.5 -

"As a pair of diastercomers. At room temperaure. *In (CDy)S0.

a possible controversy in the published results, and new experimients have been carried out on both 2-
amide-2-deoxy sugars'® and glycosylamides.!” In the case of the thiocamido derivative 6, the presence of
o sole sterecisomer was evident from the 'H- and "*C-NMR spectra which showed only one signal set.
‘I'he above-discussed hydrogen bond is compatible with the Z-un# 62 and Z-syn 6b stereocisomers (Fig. 1)
and rules out the E-gnti and E-gyn confignrations. To distinguish between 6a and 6b the indicated NOE
experiments were carried out. From these, the 1,3-syn-axial disposition between N& and C2'~H was
evident, and consequently the Z-anii steredisomer is the only possible one.

Treatinent of the glucosyl isothiocyanate 5 with the diethyl phenacyl (acetonyl) malonates 1-3
and sodium hydride gave the glucosyl thioamide derivatives 7-9 respectively. The NMR spectra of
compounds 7 and 8 had single seis of signals, the data being very close to those for 6, and svpportiog
«be same strucmure and stereochemistey. In these two cases, the chemical shift for the INH resonance was
=11.2 ppm, corroborating the presence of a strong hydrogen bond. Compounds 7 and 8 were stable in
solution in chloroform even after 10 days, and no formaton of cyclic strucmres in the aglycon moiery
were observed. This is probably due to the conjugation between the carbonyl and phenyl groups of the
phenacyl radical. In the case of the reaction §+3, the 'H-NMR dara of the final product demonstrated the
strucure 9; however the {H- and 3 C-NMR spectra showed the existence of an equilibriom between 9
and the two (5R,55) hemiaminalic structures 10. The ratio of 9:10 at room temperature was 1.1:10 and
did not change over time. The two diastereomers 10 were in a 1:1 mtio, which is consistent with the
nonstereogenic character of C-2 and C-3 in the aglycon moiety of 9. With increasing temperature, the

proportion of 9 in the equilibrium increased, the ratio of 9:10 reaching 1:4 at 50°C. Selected spectroscopic
data of 10 are included in Table 1.
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() c1n (M aN
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"
\r \.H

H H
Z-synm E-syn

Fig. 2. Stereochermical equilibrium for the amide moiety of sugar amides (X=0) and thioamides (X=8}

-0,
OAc 2 Gl o
/&/ (
AcO ..
AcO s ", R
AcQ

7 R=Fh 5
8 B p-CICsH,
9 R= Me

JAC

AcQ
A
AcQ

11 R=Ph
12 R= p-CICgHq

Cyclodehydration of 7 and 8 with acetic anhydride and phosphoric acid gave the N-nucleoside
derivatives of pymoline-5-thione 11 and 12. The resonance of the C=8 group of 11 and 12 appeared
at =163 ppm, a vatue very different to that for the starting materials, and close to that reported for related
azolinethiones.!® The 13C resonances at =141 (C-2) and 116 (C-3) ppto and the 'H resonance at 6.22
ppi supporied the presence of the double bond in the aglycon moiety.

When the same treatrnent with acetic anhydde and phosphoric acid was carried out on 9, the V-
glucosyl pyddine derivative 13 was obtained in 65% vield afier purification. The 'H- and *C-NMR
spectra of 13 showed a sole signal set, and no signals attributable to the other diasteromeric structure
were observed. In contrast to 11 and 12, the C=S group of 13 resonated at 196.7 ppm; the signals for
the C=CH group appeared at 152.9 (C-5), 105,1 (C-6) and 6.4% (~==CH) ppm. This lagter resonance was
a double doublet showing allylic couplings (2.2 and 1.7 Hz) with the protons on C-4. The resonance
of the ketone C==0 was observed ar 199.6 and thers was no signal for NH. A possible mechanisin to
explain the formation of the N-nucleoside analogue 13 is depicted in Scheme 1. The enolic form b,
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which can be acetylated, undergoes internal addition, followed by dehydration @f ace.ry_dated elimination
of AcOH) 1o give 14. This intermediate is an enamine analogue with strong qucleoplghc character at the
R-carbon (C-5). Consequently it can react at this position with an acetyl cation to give L’:i, after loss of
o proton. A possible structure 16 for the intermediate was considered, but the spectroscopic dz}ta :.f.nd thc.
existence of only one sterevisomer for 13 ruled out this formula. Related six-membered cyclizations of
*3,'—mcothloureas have been described, !®

*COCH;
it CO2EL
CO,Er

G glocasy! radical

Scheme |, Possible mechanism for the formation of 13

2.2. Reactions of the isothiocyanate 5 with carbanions having one cyane group

When the carbanion from ethyl cyanoacetare reacted with the ghicosyl isothiocyanate 5, a non-
isolatable salt (17) was formed (Scheme 2); which by reacton with phenacyl bromide gave the 3-
phenacyl derivative 18 in high yield, and no cyclization to a thiophene derivative was observed. The
phenacy) group of 18 was evident from the IR band at 1684 cm ! (C=0) and from the 'H resonances
at 4.96 and 4.63 ppm (AB system for CHg, Jag 17.1 H2) and *C resonances at 191.8 (C==0) and 42.7
ppo (CH2).2° The cyano group resonated at 117.3 ppm and its IR C=N bond appeared at 2212 cm™};
there were no signals for a C=S group. The chemical shift for the resonance of the NH (10.32 ppm)
clernonstrated a strong hydrogen bond between this proton and the carbonyl of the ester group. The
existence of this H-bond supported the E configuration assigned to the C==C double bond.

In the case of the reaction of 8 with phenylthicacetonirriie, and afierwards with phenacyi chloride, the
S-phenacyl dervative 19 and the glucosylamino thiophene 20 were obtained after chromatography, The
structural data of 19 closely resembled those of 18 (see Table 1 and Experimental), except the resonance
for NH, which appeared at 7.10 ppm and corresponds to a weakly chelated amine proton. This fact
is indicative of Z configuration of the C=C donble bond, with a hydrogen bond between the cis NH
and C=N groups. Dilution studies confirmed the intramolecular chelated structure, Compound 20 (see
structare discussion togethet with 21 and 22) with a thiophene stmctre anses from the nucleophilic
addition of the methylene of the phenacyl group onto the cyano group of the E stereoisomer of 19,

When cyanoacetamide and malonodinitrile were used to generate the carbanions, the glucosylamino-
hiophenes 21 and 22 were isolated. The IR spectra of 20-22 revealed the presence of the NH, strétching
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<‘:N ) NaW/DMF | mﬁo: . Ph .
g DS :

OAc R

A“’/&ok/g
AcO N = / NE,
18.19
COPh

| 1 19 20 21 2
R= COEt SPh SPh CONH; CN
Conf. C=C E z - - -

. . Scheme 2. Reaction of compound § with cyanoderivatives

band at 3424-3322 em™! and, in the case of 22, a C=N absorption at 2212 cm™!. The 'H-NMR spectra

showed broad signals for the NH; groups and a doublet for the NH at 6.54 ppm for 20 .(nonchelated
' stracture), 8.66 ppm for 21 (hydrogen bond berween NH and CO groups) and 6.77 ppm (weak hydrogen
bond between NH and C=N). In contrast with what happened with 18 and 19, in the three cases 20-22,
the H-1 of the sugar ring resonated at higher field than H-2, H-3 and H~4. No signals for 2 C=S8 group
were observed.

Some reactions between benzoyl isothiocyanate and methylene active teagents have been studied?!
and a stucture related to 17 has been proposed as an intermediate,

The reaction of 5 with a dicyamo derivative has also been stndied. Thus, when 5 was added on the
carbanion proceeding from phenacylmalonodinimtile 4, and the resnlting salt 23 was S-alkylated with
phenacyl bromide, the diasteromeric mixture (C-3 epimers) of glucosyliminothiophenes 25 and 26 was
obtained. This mixmre could be resolved chromatographically, and 25 (major) and 26 (minor) were
tsolated as pure products, although the configuration of C-3 could not be assigned. Compounds 285 and
26 are formed (Scheme 3) by nucleophilic addition of the methylene of the S-alkyl group of 24 on each
one of the cyano groups. The | H-NMR spectra (Tzble 1 and Experimental) of 25 and 26 had no signals for
NH, and H-1 of the sugar ring resonated as a doublet. The chemical shifts for the resonances of C-1 of the
sugar ring and C==N (C-2 of the thiophene ring) were close to those described for related glucosylinumo

. derivatives.?? The resonances for the C-CH) group appeared. at =42.5 ppm and the chemical shifts for
the resopances of the NHz were ~:8.4 ppm, a value at a remarkably lower field than those for the same
protons In 20-22; this suggests a possible seven-membered ring hydrogen bond with the carbonyl of
phevacy] group, '

As with other aldimines,?® the glucosylimines 25 and 26 probably prefer the conformation indicated in
the Scheme 3, because this is stabilized by a T+— o™ delocalization of the T electrons of the C=N bond
in the o* orbital of the CI-O bond in the pyranasyl ring, \

Conventional deacetylation of compounds 6, 11, 12, 18 and 22 gave the glucosyl thicarnide 27, the N~
nucleosides 28 and 292, and the glucosylaminothiophenes 30-31. The deacetylation of the phenylthio- and
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' COPh

25 R (5326 5 (R)
i, Nal/DMF: if, § 25, 26 S

. Scheme 3. Reaction of compourd 5 with phenacyl malonodinitrile

carbamoyldetivatives 1921 was also iried but in these three cases decomposition took place, and it was
not possible to isolate the corresponding deacetylated derivative. Compounds 27-31 were characterized
by their NMR data (see Experimental). Compound 27 showed a strongly chelated structure (8ng 10.6
npm), During the treatment with sodium methoxide of the N-nucleosides 11 and 12, saponification of
an ethoxycarbonyl group and then decarboxylation took place, and in this way 28 and 29 had only one
ethoxycarbonyl group. Compound 29 was isolated whereas 28 was only spectroscopically detected. In the
case of compound 18, under deacylation conditions, the cyclization took place and the aminothiophene
derivative 30, with the same sttuctare as 31, was obtained,

0. OE: R
H ar”
&) H - ‘ OH —
HO - IL /&/ S oo
HO N COnEr
CHO
o \ﬂ COEL HO =
S SH

. \ 27 28 R= Ph; 29 R= p-Cl-CeHy

OH

° S
HO N

R

/ NH2

30 Rs= COEL; 31 R=CN -
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In conclusion, a glycosyl isothiocyanate, the 2,3,4,6-tetra-O-acetyl-B-bD-glucopyranosyl isothiocyanate
5, can react with methylene active compounds, in a basic medium, without significant deacylation. These
reactions open ways to prepare glycosylthicamides, nucleoside analogues of differcnt he.tercx:ycle:_e, anct
glycosylamine heterocyeles. In all cases, the anomeric configuration is fixed by the C-1” configuraton of
the glucosyl isothiocyanate. In cases of the ghicosylamino derivatives, the anomerization described for
other free and O-protected glycosyl amines did not take place.?2

3. Experimental
3.1. General

Melting points are uncorrected. Optical rotations were measured for solutions in dichjoromethane,
FTIR spectra were tecorded for KBr discs or thin films. 'H-NMR (500 and 300 MHz) and '*C-
NMR (125.7 and 75.4 MHz) specira were obtained for solutdons in CDClz, (CD5)2SQ or MeO¥F-ds.
Assignments were confirmed by homonuclear 2> COSY and heteronuclear 2D correlated experiments,
FAB-mass spectra were recorded with a Kratos MS-80RFA instrument with a resolution of 1000 (10%
valley defipition). Ions were produced by a beam of xenon atoms (6-7 kV) using a matrix consisting
of thioglycerol or 3-nitrobenzyl alcohol and Nal as salt. HREIMS (70 eV), HRCIMS (150 eV) and
HRDCIMS (150 eV) experiments were performed with a Micromass AutoSpecQ instrument with a
resolution of 10000 (5% valley definition). Isobutane was used as the reactive gas (500 mA, 8§ kV).
TLC was performed on silica gel HFa44, with detection by UV light or charring with HzSO4. Silica gel
60 (Merck, 230-400 mesh) was used for preparative chromatography.

3.2. General procedure for the preparation of I-4

To a stirred solution of diethyl malonate (6.59 mmol) for 1-3 or malononiirile for 4 (6,59 mmol) in
v ml. of dry DMF over molecular sieves and under nitrogen, 9.8%8 mmol of NaH (as a suspension in
mineral oil) are added. After 5 min, the corresponding ¢x-haloketone (6.59 mmol) was added dropwise as
a solution in 1.5 mL of dry DMF over molecular sieves and under nitrogen (for 1-3) or added directly as
a sohd (in the case of 4) onto the carbanion. The comresponding mixture was stirred at 30°C for 30 min,
then diluted with ether (for 1-3) or dichloromethane (for 4), washed with water, dried (MgS04), filtered
and evaporated to dryness.

3.2.1. Diethyl phenacylmalonare 1

v=1 mL. Column chromatography (ether:hexane=1:4) of the residue gave an oil (1.08 g, 59%); IR Vmar
3063, 2984, 2034, 1732, 1690, 1451, 1368, 1267, 1155 and 1031 cm™); IH-NMR (500 MHz, CDCls):
5 8.01-7.27 (m, 5H, Ph), 4.29-4.20 (m, 2H, CH2CHs), 4.06 (t, 1H, Juccn,=7.1, HC), 3.64 (d, 2H,
CH,COPh), 1.30 (t, 6H, *Juu=T.1, 2CH,CH3) ppm; *C-NMR (125.7 MHz, CDCls): 8 196.5 (COPh),
169.0 (2C, 2CO2ED), 136.4-128.1 (6C, Ph), 61.7 (2C, 2CH,CHz), 47.1 (HC), 37.7 (CH,COPh), 13.9
(2C, 2CH2CHs) ppm; HREIMS m/z obsd 278.1152, caled for C1sH 505 278.1154. |

3.2.2. Diethyl p-chlorophenacylnalonate 2

v=2 ml. Column chromatography (ether:hexane=1:4) of the residue gave an 0il (1.65 g, 80%); IR Vs
3094, 2984, 2936, 1738, 1690, 1454, 1368, 1275, 1179 and 1032 cm™*; "H-NMR (300 MEiz, CDCla):
& 7.96-7.42 (m, 4H, Ph), 4.27, 4.26 (each g, each 2H, 3 /g g=7.1, 2CH,CHs), 4.07 (t, 1H, Jucen.=7.1,
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HC), 3.61 (d, 21, CH,COPh), 1.31 (t, 6H, 2CH;CHs) ppm; PC-NMR (75.4 MHz, CDCL): 5 1953
(COPh), 168.8 (2C, 2CO,EL), 140.3-128.9 (6C, Ph), 61.7 (2C, 2CHCHa), 47.0 (HC), 36.7 (CH2COPhY,
13.9 (2C, 2CH2CHa) ppmy; HREIMS m/z obsd 312.0780, caled for C1sH705Cl 312.0765.

3.2.3, Diethyl acetonylmalonate 3

v=1 mL. Column ¢hromatography (ether:hexane=1:4) of the residuc gave an oil (0.60 g, 42%); IR
Viax 2986, 2940, 1738, 1458, 1366, 1271, 1159 and 1024 ¢m™!; 'H-NMR (300 MHz, CDCly): & 4.20
(g, 4H, 3J}m:7.1, 2CH,CH3), 3.85 (t, 1H, Jac.cu,=7.1, HC), 3.06 (d, 2H, CH,COCHz), 2.2] (s, 3H,
CH,COCH?7), 1.27 (t, 6H, 2CH2CH3) ppm; BC-NMR (75.4 MHz, CDCla): 8 204.8 (COCHa), 168.7
(20, 2C04ED), 61.6 (2C, 2CHzCH3), 46.8 (HIC), 41.9 (CH,COPb), 29.6 (COCH3), 13.9 (2C, 2CHCH3)
pom; HREIMS m/z obsd 236.1004, caled for CyoH 605 216.0998,

3.2.4, Phenacyl malonodinitrile 4

v=2 ml.. Column chromatography (dichloromethane) of the residue gave a white solid (0.79 g, 65%)
whiich gradually becomes brown at room temnperature. This brown impurity could be removed by further
column chromatography (ether:hexane=1:1); JR Vma 3054, 2807, 1732, 2255, 1682, 1589, 1447, 1358
and 1217 em™!; 'H-NMR (300 MHz, CDCly): 8 8.03-7.56 (m, SH, Ph), 448 (1, 1H, SccH,=6.8,
HC), 3.84 (d, 2H, CHa) ppm; PC-NMR (75.4 MHz, CDClz): § 192.2 (COPh), 134.7-128.0 (6C, Ph),
112.3 (2C, 2CN), 39.4 (CH,COPh), 17.6 (HC) ppm; HREIMS m/z obsd 184.0635, caled for Cy HsON2
184.0637.

3.3, Diethyl 2,3,4,6-tetra-O-acetyl-B-D-glicopyranosyl-aminothiocarbonyl malonate 6

1o a stirced solution of 51 (0.50 mg, 1.28 mmol) in dry DMF (4 mL) under argon at 40°C, diethyl
alonate (0.19 mL, 1.28 mmol) and KOH (1.28 mmol) were added. The mixmre was sorred for 1 h at
40°C, then diluted with dichloromethane, washed with water, dried (MgSQj), filteted and evaporated
o dryness, The resulting product was purified by recrystallization (ether;hexane). 6 was obtained as a
¢crysalline solid (0.43 wg, 61%) which had mp 101-102°C (ether:hexane); [a] +52 (¢ 1.0); IR Vipax
3308, 2982, 2942, 1750, 1537, 1420, 1370, 1225 and 1040 cm™!; H-NMR (500 MHz, CDCls): & 9.55
(d, TH, Jumi=8.1, NH), 5.75 (dd, 1H, J)»=9.5, H-1), 5.35 (1, 1H, Jy3=/34=9.5, H-3), 5.21 (1, 1H, H-
7), 5.12 (4, 1H, J45=9.5, H-4), 4.97 (s, 1H, CH), 4.31-4.21 (m, SH, H-6a and 2CH,CHs), 4.11 (dd,
LM, J5e5=2.1, Jengo=12.5, H-6b), 3.86 (ddd, 1H, Jse=4.5, H-5), 2.09, 2,08, 2.04, 2.03 (each s, each
3H, 4Ac), 1.31, 1.28 (each t, each 3H, 2Jyp=7.1, 2CHCH3) ppm: “C-NMR (125.7 MHz, CDCls):
D 1937 (C=8), 170.5, 170.4, 1697, 169.3 (4COCH3), 165.0, 164.0 (2COEY), 81.7 (C-1), 73.7 (C-5),
72.4 (C-3), 69.8 (C-2), 68.0 (C-4), 66.2 (CH), 62.8, 62.7 (2CH,CHz), 61.4 (C-6), 20.5, 20.2 (2COCH3y),
20.4 (2C, 2COCH3), 13 8 and 13.6 (2CH; CH3) ppm; FABMS m/z 572 (100, [M+Na]*"). Anal. caled for
ConHan ONS: C, 48.08; H, 5.69; N, 2.55; §, 5.83. Found: C, 47.94; H, 5.60; N, 2.66; S, 5.66.

S.1. General procedure for the preparation of 7-10

To a stitred solution of 0.26 mmol 1 for 7, 2 for 8, or 3 for 9 and 10 in v mL of dry DMF over
molecular sieves and under nitrogen, 0.31 mmol of NaH (as a suspension in mineral oil) was added. After
5 rmin, 0.26 mmol of 2,3,4,6-tetra~-O-acetyl-B-D-glucopyranosyl isothiocyanate 5 was added dropwise as
4 solution in 0.75 mL of dry DMF ovet molecular sieves and under nitrogen onto the carbanion. The
inixoure was stirred at 30°C for ¢ min, then diluted with ether, washed with water, dried (MgSOy), filtered
aixd evaporated to dryness,
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3.4.1. N2", 3 4,6 -Tetra-O-aceryl-B-D-gluwapyranosyl)-2, 2-diethoxycarbonyl4-pheryl4-oxo-
thiobutandarnide 7 .

Column chromatography (ethershexane=1:1 and 3:1) of the residue gave a white amorphous solid
(69 mg, 40%) which had [0] +39 (¢ 1.0); IR Vi 3214, 3030, 2080, 2942, 1751, 1688, 1537, 1452,
1370, 1225 and 1042 cm~!; TH-NMR (300 MHz, CDCL): 8 11.21 (d, 1H, Jag,1=8.2, NH), 7.98-7.27
(m, 5H, Ph), 5.83 (t, IH, Jy 2r=8.2, H-1°), 5.37-5.30 (m, 2H, H-2, 3), 5.15 (m, 1H, H~4'), 4.70 (d, 1H,
J3a3=18.6, C-32), 4.33-4.20 (m, SH, H-6"a and 2CH,CH3), 4.29 (d, 1H, C-3b), 4.08 (dd, 1H, J5 gp=2.3,
Terasn=12.4, H-6"b), 3.83 (ddd, 1H, J45=10.0, J5 ¢3=4.6, H-5), 2.09, 2.06 (each s, each 3H, 2Ac), 2.03
(s, 6H, 2Ac), 1.22, 1.19 (each t, each 3H, 3y =71, 2CH,CH3) ppm; PC-NMR (75.4 MHz, CDCl3):
8 199.9 (C4), 196.5 (C-1), 170.6, 170.0, 169.9, 169.4 (4COCH3), 168.0, 166.2 (2CO,Et), 135.9-128.1
(6C, Ph), 81.2 (C-1"), 73.9 (C-5"), 73.0, 69.9 (C-2, 3"), 68.3 (C4"), 65.4 (C-2), 63.0, 62.9 (2CH;CHa),
61.6 (C-6"), 47.1 (C-3), 20.6, 20 4 (2COCH3), 20.5 (2C, 2COCHj3), 13.6, 13.5 (2CH CH3) ppm; FABMS
m/z 690 (100, [M+Nal*"). Anal. caled for CsoH37014NS: C, 53.97; H, 5.59; N, 2.10; S, 4.80. Found: C,
5397, H, 5.51; N, 2.21; 8, 5.18.

3.4.2. N-(2',3' 4',6" -Tetra-O-acetyl-B-D-glucopyranosyl)-4-(4-chioropheny!)-2,2-diethoxycarbonyl-
4-oxo-2-thiobutanamide 8

Column chromatography (etherhexane=1:1 and 3:1) of the residue gave a white amorphous solid
(108 mg, 59%) which had [o] +45 (¢ 1.0)%: IR Ve 3206, 3041, 2984, 2942 1755, 1684, 1539, 1368,
1225 and 1038 cm~!; 'H-NMR (300 MHz, CDCls): 8 11.15 (d, 1H, Jyu 1-=8.2, NH), 7.93-7.40 (m,
4H, Ar), 582 (t, 1H, Sy »=8.2, H-1"), 5.37-5.27 (m, 2H, H-2', 3"}, 5.15 (t, 1H, Jy g-=Jy 5=10.0, H-
4%), 4.66, 4.25 (each d, each 1H, J3,2,=18.6, H-3a, 3b}, 4.24 (dd, {H, J¢ ¢',=4.6, J¢', sv=12.4, H-6'a),
4.24 (q, 4H, 3Jy =7.1, 2CH,CHs), 4.09 (dd, 1H, J5 gp=2.3, H-6'b), 3.83 (ddd, 1H, H-5"), 2.09, 2.07

(each s, each 3H, 2A¢), 2.04 (s, 6H, 2Ac), 1.23, 1.20 (2ach t, each 3H, 2CH,CH5) ppm; P C-NMR (75.4 -

MHz, CDCIz): 8 199.6 (C-4), 195.4 (C-1), 170.5, 169.4 QCOCHs), 169.9 (2C, 2COCHs), 167.8, 166.0
(2CO0ER), 140,0-128.9 (6C, A1), 81.9 (C-17), 73.8 (C-5"), 72.9, 70.4 (C-27, 3"), 68.2 (C-4"), 65.3 (C-D),
63.0, 62.9 (2CH,CHs), 61.6 (C-6"), 46.9 (C-3), 20.6, 20.4 (2COCH3), 20.5 (2C, 2COCH3). 13.5 and
13.4 (2CH, CHs) ppm; FABMS mvz 724 (100, [M-+Na]*™). Anal. caled for CyaHs6014NSCL: €, 51.32; H,
5.17. N, 1.99; S, 457. Found: C; 51.21; H, 4.99; N, 2.05® S, 4.58.

3.4.3. N«(2',3" 4",6" -Tetra-O-aceryl-B-D-glucopyranosyl)-2, 2-diethoxycarbonyl-4-oxothiopentanamide
(9) and 2(R.8 }-4,4-diethoxycarbonyl-2-hydroxy-2-methyl-1-(2' .3’ 4 .6’ -tetra-O-acetyl-B-D-gluco-
pyranosyl)-S-thioxopyrrolidine 10 '

Columm chromatography (etherthexane=3:1) of the residee gave a white amorphous solid 9+10 (58
g, 37%).

Compound 9: 'H-NMR (500 MEiz, CDCls): 5 10.80 (d, 1H, Jyg 1-=7.7, NHD), 5.78 (dd, 1H, J; 7=9.5,
H-17), 5,39 (1, 1H, Jyr 3r=/y 4=0.5, H-37), 5.24 (¢, 1H, H-2'), 5.12 (t, 1H, Jyr 5=9.5, H-4"), 4.30—4.18 (m,
481, H-6"a, 6'b and CH;CHa), 3.86-3.83 (m, 1H, H-5'), 2.95-2.75 (m, 2H, H-3a, 3b), 2.09, 2.06, 2.02,
1.92 (each s, each 3H, 4Ac), 1.73 (5, 1H, CH3COCH;), 1.26 (1, 6H, *Jyu=7.1, 2CH,CHs) ppm.

Compound 10: 'H-NMR (500 MHz, CDCL): 8 6.38 (d, 1H, Jy =95, H-1"), 5.35, 5.33 (each 1, each
TH, Jyr o=ty =0.5, H-2',37), 5.15 (t, 1H, Sy 5-=9.5, H-4"), 4,30-4.18 (m, 4H, H-6"a, 6’b and CH,CH>),
3.81 (dy, 1H, Jgr gx=Js* ¢'b=3.3, H-5'), 2.81-2.76 (m, 2H, H-3a, 3b), 2.07, 2.04, 2.01, 1.98 (each s, each
3H, 4Ac), 1.62 (s, IH, CH3COCH,), 1.28 (t, 6H, *Jyu=7.1, 2CH,CH3) ppm; PC-NMR (125.7 MHz,
CDCl3) 8 199.7, 195.8 (2CS), 171.9-166.0 (12C, 4CO4Ex and BCOCH3), B4.2, 83.7 (2C-17), 75.6, 74.9
(2C-57),73.0, 71.9 (2C-2"), 72.3, 70.4 {2C-3"), 67.9, 67.6 (2C4"), 96.7, 95.2 (2C-2), 70.9, 70.2 2C-4),
63.0-60.9 (2C-6" and 4CH,CHg), 46.7, 44.9 (2C-3), 27.3, 25.0 (2CHz), 20.7-20.2 (8C, 8COCH;), 13.8,
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13.7 (4C, 4CH, CH3) ppm; FABMS nv/z 628 (100, [M+Na]*"). HREFABMS mv/z obsd 628.1665, ealed for
CosHasO14NSNa 628.1676. Anal. caled for CosHas044NS: C, 49.58; H, 5.83; N, 2.31; 5, 5.29, Found:
C,48.91; H, 5.47; N, 2.45; 8, 5.25.

3.5. General procedure for the preparation of 11-13

The starting material (7 for 11, 8 for 12 or 9 for 13, 0.34 mmol) was dissolved in 3.4 mL of aceric
anhydride and 0.17 mL of melted anhydrons H3POs. The mixture was stirred at r.t. for r hours and
then poured into ice—water, extracted with ether, washed with satarated aqueons NaHCO; and water,
dried (MgSQ4) and concentrated. The residue was taken up in 96% cthanol and meated with basic resin
Amberlist IR-45(OH), filtered and eveporated. The residue was purified by column chromatography
(sther:hexane=3:1).

3.5.1. 4,4-Diethoxycarbonyl-2-phenyl-1-(2',3' 4,6 -1etra-Q-acetyl-B-D-glucopyranosyl }-5-thioxo-
2-pyrroline 11 :

White and amorphous solid (168 mg, 76%); =12 h; {&] ~7 (¢ 0.9); IR Vinax 3067, 2980, 1750, 1653,
147, 1371, 1225 and 1040 ca™'; TH-NMR (500 MHz, CDClz): & 7.52-7.39 (m, 5H, Ph), 6.22 (s, 1H,
H-3), 5.32 (¢, 1H, Jyr y=T3 4=8.9, H-3'), 5.23 (dd, 1H, J» 2=8.6, H-2"), 5.20 (1, tH, J4 5=8.9, H-4"),
4.77 (d, 1H, H-1"), 4.32-4.24 (m, 5H, H-6"a and 2CH,CH3), 4.20 (dd, 1H, Js g4=2.2, Jg'nep=12.3,
H-6'b), 3.86 (ddd, 1H, Js ¢3=5.1, H-5"), 2.09, 2.05, 2.01, 1.97 (each s, each 3H, 4Ac), 1.29, 1.28 (each
t, each 38, Jyu=7.0, 2CHCH3) ppmr; P C-NMR (125.7 MHz, CDCl): § 170.7, 170.3, 169.3, 168.9
(4COCHS3), 166.3 (C-5), 165.3, 165.2 (2CO4ER), 142,4 (C-2), 132.1-126.4 (6C, Ph), 115.0 (C-3), 92.0
(C-17), 76.9 (C-4), 73.7 (C-5"), T3.5 (C-3"), 71.4 (C-2'), 68.4 (C-4"), 62.9, 62.8 (2CHzCHj), 62,1 (C-6"),
20.7 (COCHa), 20.5 (3C, 3COCH3), 13.9 and 13.8 (2CH2CH;) ppm; FABMS m/z 672 (100, [M+Nal*).
Anal. caled Tor CaoH35013N8: C, 55.46; H, 5.43; N, 2.16; S, 4.94. Found: C, 55.4%; H, 520: N, 2.17; §,
5.08.

3.5.2. 2-(4-Chlorophenyl)-4.4-diethoxycarbonyl-1-(2', 3’ 4’6" <tetra-O-acetyl-f-n-glucopyranosyl)-5-
thioxop-2-pyrroline 12

White and arnorphous solid (156 mg, 67%); =10 h; [&] +54 (¢ 0.7); IR wmax 3075, 2980, 1753, 16535,
1437, 1371, 1225 and 1040 cm~!; *H-NMR. (300 MHz, CDCly): § 7.42-7.40 (m, 4H, Ar), 6.22 (s, |H, H-~
3}, 5.32(t, 1H, Jyr 3r=Jy 4 =9.3, H-3'), 5.22 (dd, 1H, J =84, H-2'), 5.19 (t, 1H, J4 5 =93, H4"), 4.77
{d, 1H, H-1"), 4.32-4.24 (m, 4H, H-6"a), 4.29 (q, 4H, *Jyu=7.1, 2CH,CHj3), 4.20 (dd, 1H, Js gp=24,
Jerasbi12.4, H-6'h), 3.86 (ddd, 1H, Js ¢,=4.6, H-5"), 2.09, 2.05, 2.01, 1.97 (each s, each 3H, 4Ac),
1.28, 1.28 (each 1, each 3H, 2CH,CHj) ppm; BC-NMR (125.7 MHz, DMSO-ds): 8 170.0, 169.6, 169.3,
168.6 (ACOCH3), 164.8, 164.8 (2CO2E1), 164.7 (C-5), 140.3 (C-2), 134.5-128.1 (6C, Arx), 1164 (C-3),
91.3 (C-1%), 76.7 (C-4), 72.5 (C-5"), 723 (C-3°), 71.2 (C-2"), 68.0 (C-4"), 62.5, 62.4 (2CH,CHjy), 61.8
(C-6"), 20.5, 20.4 (2COCHSs), 20.3 (2C, 2COCH3), 13.7, 13.6 (2CH,CH3) ppm; FABMS m/z 706 (100,
[M-+Na]""), Anal. caled for CigHyeO15NSCl: C, 52.67; H, 5.01; N, 2.05; S, 4.69, Found: C, 52.49; H,
4.94; N, 2.40; §, 4.59.

3.5.3. 5-Acetyl-3,3-diethoxycarbornyl-1,2,3,4-tetrakydro-1-(2’ 3’ 4’ ,6' -tetra-O-acetyl-B-D-gluco-
ovranosyl)-2-thioxopyridine 13

Amorphouns solid (139 mg, 65%); r=7 h; [o] —~20 (¢ 0.4); IR Vo 2978, 1753, 1690, 1605, 1439,
1371, 1223, 1098 and 1040 cm™!; 'H-NMR (500 MHz, CDCly): § 6.60 (d, 1H, Jy' 2=3.6, H-1"), 6.49
(dd, 1H, H-6), 5.66 (t, 1H, Jo 3=9.6, H-2"), 542 (r, 1H, J3 4=9.6, H-3"), 5.25 (t. 1H, Jg 5=9.6, H-

L4
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4%y, 4.39 (dd, Js ga=3.7, Jerass=12.7, H-6'2), 4.334.21 (m, 4H, 2CH,CHz), 4.17 (dd, IH, J5 0,=2.0,
H.-6'b), 3.93 (ddd, 1H, H-5"), 4,03 (dd, 1¥1, J4a=19.1, Jans=1.7, H-da), 3.75 (dd, 1H, Japs=2.2, B-
4b), 2.33 (s, 3H, =CCOCH3), 2.13, 2.08, 2.04, 1.94 (each s, each 3H, 4Ac), 1.30, 1.22 (each 1, each
3H, YJuu=7.1, 2CH2CH3) ppm; PC-NMR (125.7 MHz, CDCla): 8 199.6 (=CCOCHjs), 196.7 (C-2),
1701, 169.6 (2COCH3), 169.3 (2C, 2COCH;), 166.4, 165.8 (2CO;Ey), 152.9 (C-5), 105.1 (C-6), 83.1
(C-17), T4.8 (C-57), 72.8 (C-3"), 69.9 (C-3), 67.2 (C-2'), 66.9 (C4"), 62.8, 62.7 (2CH2CH;), 61.1 (C-6"),
36.6 (C-4), 32.1 (=CQCOCHs3), 20.4, 20.0 (2COCHj3), 20.3 (2C, 2COCHs), 13.7, 13.6 2CH,CHs) ppoy;
FABMS m/z 652 (100, [M+Nal*"). Anal. caled for CoyHzs044NS: C, 51.50; H, 5.60; N, 2.22; 5, 5.09.
Found: C, 50.29; H, 5.71; N, 2.64; S, 5.47.

3.6. General procedure for the reaction of 5 with cyanocarbanions

To & stirred solution of 0.26 mmol of ethyl cyanocacetate for 18, phenylthioacetonitrile for 19 and 20,
cyanoacetamide for 21, malononitrile for 22, or 4 for 25 and 26in 0.75 mL of dry DMF at 30°C and under
nirogen, 0.33 mimol of NaH (as a suspension in mineral oil} was added. After 5 min, 5 (0.26 mmol) was
-dropped, as a solution in 0.75 mL of dy DMF under nitrogen onto the carbanion. The mixture was stirred
at 30°C for #| min, then 0.26 mmo] of phenacyl bromide was added and stirred for 72 min. The mixture
was poured into satrated aqueous NH4C], exwacted with ether (except for the case of 21, which was
extracted with dichloromethane), washed with water, diied (MgS5Qy), filtered and evaporated to dryness.

3.6.1. (E)-Ethyl 2-cyano-3-phenacylthio-3-(2' 3,4 ,6' -tetra-O-aceryl-B-D-glucopyrancsylamino)
acrviate 18

ry=79=1() min. Column chromatography (etherhexane=3:1) of the residue gave an amorphous solid
(150 mg, 93%); [ot] +15 (¢ 1.0); IR vpa 3192, 3063, 2982, 2212, (CN), 1770, 1684 (CO of phenacyl},
1582, 1439, 1370, 1260, 1084 and 1032 ¢em™1; '"H-NMR (500 MHz, CDCly): 6 10.32 (d, 1H, Jnp,1 =78,
NH), 7.98~7.50 (m, SH, Ph), 5.59 (dd, 1H, Jy- »=9.4, H-1"), 5.35 (t. 1H, J» »=/3 »=9.4, H-3"), 5.21 (,
1H, H-2"), 5.09 (1, 18, J¢ 5+=9.4, H-4"), 4.96, 4.63 (cach d, each 1H, 2Jyy=17.1, CH;COPh), 4.23 (dd,
1H, Jg' g =48, Jory ¢p=12.4, H-6"a), 4.23 (g, 2H, Sy u=7.1, CH2CH3), 4.08 (dd, 1H, J5 ¢p=2.2, H-6'D),
3.85 (ddd, IH, H-5"), 2,09, 2.06 (each s, each 3H, 2Ac¢), 2.04 (s, 6H, ZAc), 1.30 (t, 3H, CHLCH) ppim,
BC-NMR (125.7 MHz, CDCl): 8 191.8 (COPh), 170.5, 169.9, 169.8, 169.7, 169.3, 166.3 (4COCHa,
COnEt and C-3), 134.8-128 4 (6C, Ph), 117.3 (CN), 82.8 (C-1"), 81.5 (C-2), 73.3 (C-5"), 72.7 (C-3"),
69.9 (C-27), 68.1 (C-4'},61.5 2C, C-6" and CHCH3), 42.7 (CH,COPh), 20.6, 20.4 (2CQCH;3), 20.5 (2C,
2CQCHS35), 14.1 (CHCH3) ppm; FABMS m/z 643 (100, [M+Nal*"). Anal caled for CogHua012Na8: C,
54.19; H, 5.20; N, 4.51. Found: C, 54.63; H, 5.79; N, 4.47.

3.6.2. (Z)-3-Phenacylthio-2-phenylthio-3-(2' 3’4’ 6" -tetra-O-acetyl-B-D-glucopyranosylamino)
acrylonitrile 19 and 3-amnino-2-benzoyl-4-phenylthio-5-(2°,3' 4',6' -terra-Q-aceryt- f-n-glucopyranosyl-
aminothiophene 20

11=t=30 min. Colomn chromatography (etherthexane=2:1) of the residue gave 19 (56 mg, 33%) and
20 (29 mg, 17%).

. 19: [et] —4 (¢ 0.3); IR Ve 3312, 3059, 2953, 2195 (CN), 1746, 1709 (CG of phenacyl), 1549, 1452,
1371, 1227 and 1036 cm™!; VH-NMR (500 MHz, CDCL): & 8.04-7.08 (m, 11, NH and 2Ph), 5.42
(dd, 1H, Jyp 1'=8.3, Jyr 2-=9.4, H-1'), 5.32 (1, 1H, Jyr 3=/ o+=9.4, H-3"), 5.04, 5.00 (each t, each 1H,
Jar 5=9.4, H-2', 47), 4.96, 4.48 (each d, each 1H, 2Jyy=16.9, CH;COPh), 4.22 (dd, 1H, Js 5,=4.8,
Jea6'b=12.4, H-6"2), 4.04 (dd, 1H, J5 ¢1,=2.2, H-6"b), 3.79 (dd4, 1H, H-5"), 2.04, 2.02, 2.01, 1.78 (each
s, each 3H, 4Ac) ppm; BC-NMR (125.7 MHz, CDCls): & 192.3 (COPh), 170.7, 170.6, 170.4, 169.7,
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169.3 (C-3 and 4COCHz), 134.8-125.7 (12C, 2Ph), 119.2 (CN), 83.3 (C-17), 792 (C-2), 73.0 (C-5),
72.4 (C-3"), 69.9 (C-2), 68.2 (C-4"), 61.5 (C-6"), 42,0 (CH2COPh), 20.5, 20.4, 20.0, 19.9 (4COCHa)
ppin; FABMS m/z 679 (100, [M+Na]*" ). Anal. caled for C31H3010N282: C, 56.61; H, 5.06; N, 4.26; S,
9.75. Found: C, 56.30; H, 5.02; N, 4.20; S, 5.40.

20: [ol] —11 (¢ 0.7); TR viax 3322 (NH), 3057, 2918, 2851, 1748, 1460, 1371, 1227 and 1036 cm™;
|H-NMR. (500 MHz, CDCls): 8§ 7.76-7.06 (m, 10H, 2Ph), 6.54 (d, 1H, Sy -=9.5, NH), 5.29 (1, 1H,
Sy z=tz 4=9,5, H-3"), 5.01 (t, 1H, Jy 5=9.5, H-4'), 4.99 (¢, 1H, Jy »=9.5, H-2'}, 4.65 (1, 1H, H-1"),
4.21 (dd, TH; Jg 4rg=5.5, Jo'ag'n=12.4, H-6"2), 4.08 (dd, 1H, Js 54,=2.3, H-6'b), 3.79 (ddd, 1H, H-5").
2.02, 2,00, 1.88, 1.68 (each s, each 3H, 4Ac) ppm: *C-NMR (125.7 MHz, CDCls): 8 186.1 (COPh),
170.8, 170.5, 169.8, 169.4 (ACOCH3), 162.7, 157.8 (2C, thiophene ring), 140.1-125.7 (12C, 2Ph), 97.8,
93.1 (2C, thiophene ring), 84.9 (C-17), 73.1 (C-57), 72.1 (C-3%), 70.4 (C-27), 68.3 (C4"), 61.6 (C-6'),
2414 (2C, 2COCH3), 20.3, 19.9 (2COCH;) ppm; HREIMS m/z obsd 656.1510, caled for CsiHyx010N252
656.1498.

3.6.3.. 3-Amino-2-benzoyl-4-carbamoyl-5-(2°,3' 4’ ,6' -tetra-Q-aceyl- B-D-glucopyranosylamino)
thiophene 21

711=15 min, 1>=30 min. Colnmn chromatography (dichloromethane:methanol=40:1) of the residue gave
2t (71 mg, 46%) as an amorphous solid which had [&] —58 (¢ 0.7); IR Vmax 3443 (NH), 3287, 3061,
2951, 1753, 1657, 1466, 1371, 1225 and 1036 cma™'; 'H-NMR (500 MHz, CDCl): & 8.66 (4, 14,
I =9.5, NH), 7.69-7.45 (m, SH, Ph), 5.75 (s, 2H, NHy), 5.33 (1, 1H, Jy =Ty ¢=9.5, H-3°), 5.12
(t, 1H, Jy =95, H-2), 5.05 (1, 1H, Jy ¢=9.5, H-4"), 4.66 (t, 1H, H-1"), 4.19 (dd, 1H, S5 gra=5.4,
Jenep=12.4, H-6'a), 4.09 (dd, 1H, Jy &,=2.2, H-6'b), 3.78 (ddd, 1H, H-5"), 2.07, 2.04, 2.03, 1.87 (each
5, each 3H, 4Ac) ppm; C-NMR (125.7 MHz, CDCls): 8 187.1 (COPh), 170.4, 170.2, 169.9, 169.3
(4COCH3), 164.9, 155.9 (2C, thiophene ring), 141.2-127.2 (6C, Ph), 1032, 98.8 (2C, thiophene ring),
145 (C-17), 73.2 (C-5"), 72.4 (C-37), 70.6 (C-2), 68,2 (C-4}, 61.6 (C-6"), 20.5, 20.3 (2COCHI), 20.4
(22, 2COCH3) ppm; FABMS m/z 614 (100, [M+Na]**). Anal. caled for CasHooO1N38: C, 52.79; H,
4.94; N, 7.10; 8, 5.42. Found: C, 52.64; H, 5.10; N. 6.956; 5, 5.84.

_ia‘.q(i_ 4. 3-Amino-2-benzoyl-4-cyano-5-(2',3',4',6' <tetra-O-acetyl-B-D-glucopyranosylaminothiophene
22

£1=15 min, 12=10 min. Column chromatography (ether:hexane=6;1) of the residue gave 22 (136 mg,
%1%} as an amorphous solid which had [o] ~103 (¢ 0.5); IR Vmax 34924 (NH), 3302, 3055, 2951, 2212
(CN), 1753, 1597, 1478, 1371, 1221 and 1040 cm~!; IH-NMR (500 MHz, CDCL): 8 7.70-7.43 (m.
SH, Phy, 7.10~6.85 (bs, 21, NHa), 6.77 (d, 1H, Jfny;=9.5, NH), 5.34 (t, 1H, Jy =Sy 4'=9.5, H-3"),
507 (t TH, Jg 5=9.5, H-4), 5.03 (1, 1H, J )/ y=9.5, H-2’), 477 (v, 1H, H-1"), 4.24 (dd, 1H, J5 g,=5.2,
Jengp=12.5, H-6"2), 4.12 (dd, 1H, Js g1,=2.1, H-6'D), 3.84 (ddd, 1H, H-5"), 2.11, 2.04, 2.03, 1.91 (each
s, each 3H, 4Ac) ppm; C-NMR (125.7 MHz, CDCls): § 186.5 (COPh), 171.4, 170.4, 169.8, 169.3
(4COCH3), 164.5, 157.8 (2C, thiophene ring), 140.1-127.1 (6C, Ph), 112.6 (CN), 97.0 (1C, thiophene
ring). 84.4(C-1"), 82.2 (1C, thiophene xing), 73.0 (C-5"), 72.1 (C-3"), 70.9 (C-2), 67.9 (C-4"), 61.5 (C-
6"), 20.6, 20.4 (2COCH3), 20.5 (2C, 2COCH3) ppm; FABMS me/z 596 (100, [M+Na]" ). Anal. caled for
CosHarOpN38: C, 54.44; H, 4.74; N, 7.33; S, 5.59. Found: C, 54.04: H, 495; N, 7.29.

365 IR(S)  and  38(R)~4-Amino-5-benzoyl-3-cyano-2,3-dihydro-3-phenacyi-2-(2',3' & .6 -tetra-O-
acetyl-B-D-glucopyranosylimino )thiophene 25 and 26

11=22=20 min, Column chromatography (etherhexane=2:1 and 4:1) of the residue gave 25 (22 mg,
129%) and 26 (40 mg, 22%).

26

04/07/2009 MAR 11:05 [# TX/RX 86051

doz2e



LOATRO2009 1744 SANOFI-AVENTIS OE GMBH NR. 661 5. 2

2530 S Fuentes et ol / Terrokedron: Asymmetry 9 ([998) 25174-2532

25: fo] ~135 (¢ 0.6); IR Vpax 3395 (INH), 3283, 3063, 2955, 2208 (CN), 1751, 1684, 1613, 1481,
1371, 1227 and 1040 cm™!; 'H-NMR (500 MHz, CDCl3): 5 8.41 (bs, 2H, NHz}, 8.06-7.26 (m, 10H,
2Ph), 5.32 (t, 1H, Jpr gr=/3 =9.5, H-3"), 5,15 (t, 1H, Jy »=9.5, H-2"), 5.08 (t, 1H, Jy 5=9.5, H4"),
4.88 (d, TH, H-1"), 4.20 (dg, 1H, Sy g2=5.7, S gu=12.3, H-6"a), 4.18 (d, 1H, 2y n=18.6, CHHCOPh),
4.10 (dd, 1H, Js gp=2.2, H-6'b), 3.88 (d, 1H, CHHCOPh), 3.82 (ddd, 1H, H-5), 2.04 (s, 6H, 2Ac),
2.03, 1.79 (each s, each 3H, 2Ac) ppm; PC-NMR (125.7 MHz, CDCL): § 195.5 (CH,COPh), 189.3
(COPh), 170.5, 170.1, 170.0, 169.5 (4COCHS3), 165.4, 162.6, 153.5 (3C, thiophene ring), 140,0-127.0
(12C, 2Ph), 115.5 (CN), 97.3 (1C, thiophene ring), 89.2 (C-17), 74.1 (C-5"), 72.8 (C-3"), 71.2 (C-2"), 68.5
(C-4%), 62.1 (C-6"), 48.5 (CHa2Ph), 20.8, 20.6, 20.5, 20.4 (4COCH») ppm; HREIMS s/ obsd 691,1857,
caled for CauH330 1 N38 691.1836.

26: fa] +89.2 (¢ 0.7); IR vy 3368 (NH), 3298, 3059, 2957, 2185 (CN), 1759, 1694, 1620, 1481,

1371, 1229 and 1036 cm™!; 'H-NMR (500 MHz, CDCL): 5 8.36 (bs, 2H, NH>), 8.04-7.26 (m, 10H,
2Phy, 5.31 (t, 1H, Sor st =tar 495, H—-3’), 320 (t, 1H, Jyr 5=9.5, H-2M, 5.12 (, 1H, f4’5’-"—9.5, B-4},
4.71 (d, 1H, H-1"), 4.25 (dd, 1H, J5 ¢a=5.1, g2 g'p=12.6, H-6"a), 4.24 (d, 1H, 2y y=18.4, CHHCOPh),
4.15 (dd, 1H, 45 g,=2.2, H-6'b), 3,82 (ddd, 1H, H-5"), 3.81 (d, 1H, CHHCOPh), 2.03, 2.01, 2.00, 1.99
(cach s, each 3H, 4Ac) ppm; PC-NMR (125.7 MHz, CDCly): 8 194,4 (CH, COPh), 189.0 (COPh), 170.8,
170.2, 169.5, 169.4 (4COCH3), 166.7, 162.6, 153,6 (3C, thiopbene ring), 136.8-126.9 (12C, 2Ph), 115.0
(CN), 95.5 (1C, thiophene ring), 90.5 (C-1'), 73.7 (C-5'), 73.0 (C-3"), 71.7 (C-2'), 68.2 (C~4"), 61.9 (C~
6%), 48.1 (CHzPh), 20.9, 20.7 (2COCH;3), 20,6 (2C, 2COCH3) ppmy; HREIMS m/z obsd 691.1872, caled
for CyH3307: N385 691.1836,

3.7, General deacerylation method

The acetylated product (0.48 mmol) was dissolved in 6 mL of anhydrons methanol at t.t. and 1.0 mmol
of NaOMe was added with stirring to the solution. The process was controlled by TLC (ether-hexane=6: 1
and dichloromethane:methanol=4:1) until total deacylation of the starting material, After £ min, the
reaction mixwre was neutralized with acid resin Amberlite IR-120(H), filtered and the solvent evaporated
under reduced pressure. The following products were prepared in this manner.

3.7.1. Diethyl B-D-glucopyranosylaminothiocarbornyl malonate 27 '

£=15 min. In this case, the ratio NaOMe/6, was three times that of the general method. 3C-NMR (75.4
MHz, DMSO-ds): 8 194.3 (CS), 164.9 (2C, 2C0O,ED, 83.6 (C-1"}, 79.0 (C-5"), 77.5 (C-3"), 72.4 {C-2"),
63.7 (C-4'), 64.8 (CH}, 61.6 (2C, 2CHy), 60.5 (C-6’) ppm; FABMS m/z 404-(100, [M+Na]*"). HRCIMS
m/z obsd 381.1 060, calced for CmHnggNS-I-H 381.1094,

3.7.2. 4-Ethoxycarboryl-1-( 5—D—g[mcopymno.syl-z—phenylm.inmercapro-2~pyrmle 28

r=15 min. This compound was not isolated pure. *C-NMR (125.7 MHz, MeOH-d,): 8 166.6-162.4
{C-5, COzE), 135.4-126.7 (6C, Ph), 122.2 (C-4), 109.2 (C-2), 89.0 (C-1"), 85.4 (C-3), 79.3 (C-5'), 78.9
(C-3"), 74.8 (C-27), 71.6 (C4"), 62.7 (C-6), 61.1 (COCH,CHyg), 14.8 (COCH,CH3) ppm; FABMS rm/z
432 (100, [M+Na]*"). HRDCIMS m/z obsd 410.1292, caled for CgHzzO7NS+H 410.1273,

3.7.3. 2-Chlorophenyl-4-ethoxycarbonyl-1-( B-D-glucopyranosyl)-5-mercapto-pyrrole 29

1=20 min. PC-NMR (125.7 MHz, MeOH-d,): & 166.5, 164.0 (C-S5, CO,EY), 134.2~126.3 (6C, Ph),
1225 (C<), 109.2 (C-2), 88.9 (C-1), 85.4 (C-3), 79.4, 78.9 (C-3’, 5), 74.7 (C-2), 71.5 (C4%), 62.6,
61.1 (C-6", COCHCHg), 14.8 (COCH;CH3) ppm; FABMS m/z 443 (100, M*). HRDCIMS m/z obsd
4440891, caled for CigH,07NSCL+H 444.0884.
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3.7.4. 3-Amino-2-benzoyl-4-ethoxycarbonyl-5-( B-D-glucopyranosylaminothiophene 30

=10 min. BC-NMR (75.4 MBz, McQH-ds): & 187.5 (COPh), 171.1 (CO2ED), 166.1, 159’.-8 (2(3_,
thiophene ring), 142.7-128.1 (6C, Ph), 98.3, 97.0 (2C, thiophene ring), 87.4 (C-1"), 79.4 (C:ﬁ ), 78.5
(C-3"), 74.5 (C-2'), 71.1 (C-4"), 62.3 (C-6), 61.8 (CHzCHs), 14.6 (CH2CHs) ppay; FABMS av/z 475
(100, [M+Na)*"). HRDCIMS m/z obsd 453.1340, caled for CaoHazOsN2S+H 453.1331.

3.7.5. 3-Amino-2-benzoyl-d-cyano-5-( B-D-glucopyranosylamino)thiophene 31

r=15 min. PC-NMR (754 MHz, McOH-ds): & 187.4 (COPh), 166.8, 159.6 (2C, thiophene ting),
142.2-128.1 (6C, Ph), 114.} (CN), $6.9 (1C, thiophene ring), 87.6 (C-1"), 80.6 (1C, thiophene ring),
79.1, 78.7 (C-3', 5, 73.8 (C-2"), 7.0 (C-4"), 62.3 (C6') ppm; FABMS m/z 428 (100, M+Na]* ).
HRDCIMS m/z obsd 406.1088, caled for CisHysOsNaS+H 406.1073.
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I. Introduction

Years of curnulative research can result in the
development of a clinically useful drug, providing
either a cure for a particular disease or symptomatic
relief from a physiological disorder. A lead compound
with a desired pharmacological activity may have
associated with it undesirable side effects, charac-
teristics that limit its bioavailability, or structural
features which adversely influence its metabolism
and excretion from the bedy. Bioisosterism repre-
sents one approach used by the medicinal chemist
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for the rational medification of lead compounds irto
safer and more clinically effective agents. The con-
cept of bioisosterism is often considered to be qualita-
tive and intuitive.!

The prevalence of the use of bicisosteric replace-
ments in drug design need not be emphasized. This
topic has been reviewed in previous years.?”® The
objective of this review is to provide an overview of
bivisusteres that incorporates sufficient detail to
enable the reader to understand the concepts being
delineated. While a few popular examples of the
successful use of binisosteres have been included, the
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present review is focused primarily upon specific
examples from current literature. The emphasis in
this review was to outline bioisosteric replacements
which have been used to advance drug development.
No attempt was made to be exhaustive or to illustrate
all of the specific analogues represented within a
single study.

The ability of a group of bioisosteres to elicit similar
biological activity has been attributed to common
physicochemical properties. In this review an at-
tempt: has been made to quantitate, in specific
instances, physicochemical effects such as electro-
negativity, steric size, and lipophilicity and to cor-
relate 'these values to the observed biological activity.
Thus, an additional ohjective of this review was to
demonstrate the opportunities that one has in em-
ploying bioisusteres to gain more specific insight into
the quantitative structure—activity relationships
(QSAR) associated with a specific class of drugs.
While in some instances such associations were
detailed by the authors of these literature examples,
others were developed on the bhasis of evident cor-
relations. To further explain and rationalize the
biclogical activity observed with nonclassical hioiso-
steric groups, the ohserved biological activity has also
been correlated with some substituent constants
commonly employed in QSAR studies. These obser-
vations are consistent with the fact that bioisosteric
replacements often provide the foundation for the
development of QSAR in drug design."® Recent
advances in molecular biology, such as cloning of the
various receptor subtypes, have enabled a clearer
definition of the pharmacophoric sites. Bioisosteric
replacements of functional groups based on this
understanding of the pharmacophore and the phys-
icochemical properties of the bioispsteres have en-
hanced the potential for the successful development
of new clinical agents.

The bivisosteric rationale for the modification of
lead compounds is traced back to the observation by
Langmuir in 1919 regarding the similarities of vari-
ous physicochemical properties of atoms, groups,
radicals, and molecules.” Langmuir compared the
physical properties of various molecules such as Np
and CO, N;0O and CO;, and N3~ and NCQ™~ and found
them to be similar. On the basis of these similarities
he identified 21 groups of isosteres. Some of these
groups are listed in Table 1. He further deduced from
the octet theory that the number and arrangement
of electrons in these molecules are the same. Thus,
isosteres were initially defined as those compounds
or groups of atoms that have the same number and

Table 1. Groups of Isosteres as Identified by
Langmuir

groups isosteres
1 H-, He, Li*
2 0%, = Ne, Nat, Mgét, A%+
3 5%, L1, Ar, K*, Ca®t
4 Cu?", Zn2*
! 4
8 N,, CO, CN-
] CHy, NH*
1(; ?02, N0, N3~, CNO-
20 MnQq—, CrO42-
21 Se04?7, AsO4*

Patani and LaVoie

arrangement of electrons. He further defirnted other
relationships in a similar manner. Argon was viewed
as an isostere of Kt jon and methane as an isostere
of NH,* ion. He deduced, therefore, that K* ions and
NH," ions must be similar because argon and meth-
ane are very similar in physical properties. The
biological similarity of molecules such as CO; and
N;O was later coincidentally acknowledged as both
compounds were capable of acting as reversible
anesthetics to the slime mold Physarum polyceph-
alumB

A further extension to this concept of isosteres
came about in 1925 with Grimm’s Hydride Displace-
ment Law. %1% This law states: “Atorns anywhers up
to four places in the periodic system before an inert
gas change their properties by uniting with one to
four hydrogen atoms, in such a manner that the
resulting combinations behave like pseudoatorns,
which are similar to elements in the groups one to
four places respectively, to their right.” Each vertical
coluwmn as illustrated in Table 2, according to Grimm,
would represent a group of isosteres.

Table 2. Grimm's Hydride Displacement Law

C N QO F Ne Na
CH NH OH FH -
(:,-Hz NHz UHz FH2+
CH, NH; OH4*
CH, NH,*

Erlenmeyer!! further broadened Grimm’s clas-
sification and redefined isosteres as atoms, ions, and
molecules in which the peripheral layers of electrons
can be considered identical (Table 3).

Table 3. Isosteres Based on the Number of
Peripheral Electrons

no. of peripheral electrons

4 5 6 i 8
N* P 5 Cl CIH
Pt As Sc Br Brll
S+ Sb Te I H
As* PH SH SH,
Sb* Pl Pl

The widespread application of the concept of iso-
sterism to modify biological activity has given rise
to the term bivisosterism. As initially defined by
Friedman,? bioisosteres were to include all atoms and
muolecules which fit the broadest definition for iso-
steres and have a similar type of biological activity,
which may even be antagonistic. More recently this
definition has been broadened by Burger as “Com-
pounds or groups that possess near-equal molecular
shapes and volumes, approximately the same distri-
bution of electrons, and which exhibit similar physi-
cal properties...”.> The critical component for bio-
isosterism is that bicisosteres affect the same phar-
macological target as agonists or antagonists and,
thereby, have biological properties which are related
to each other.

Bioisosteres have been classified as either classical
or nonclassical.'? Grimm's Hydride Displacement
Law and Erlenmeyer’s definition of isosteres outline
a series of replactements which have been referred
to as classical bioisosteres. Classical bioisosteres
have been traditionally divided into several distinct
categories: (A) monovalent atoms or groups; (B)
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such as benign prostatic hyperplasia and prostrate
cancer. Inhibition of steroid 5u-reductase is of recent
pharmaceutical interest in view of its role in the
conversion of testosterone to dihydrotestosterone.
Recent research has isolated and characterized two
types of human Sa-reductases, namely type | and
type II. Therefore, a rational approach for treatment
of these androgen-sensitive disease states can be
envisioned by the inhibition of either one or both
enzymes with specific inhibitors. 4-Substituted N-(1,1-
dimethylethyl)-3-oxo-4-androsten-17f-carboxamide
analogues (29, Figure 20) with hydroxy, thiol, chlo-
rine, or hromo substituents at the 4-position were
evaluated and found to show intermediate inhibitory
activity on human type 11 bo-reductase activity.!!
From the data obtained (Table 16), it could be
inferred that the enzyme has steric and electronic
preferences at this position, resulting in significantly
enhanced potency for the hydroxy and chloro substi-
tuted compounds.

Oy~ CHCH;

9
Figure 20.
Table 16. In Vitro Inhibition of Human Type IT

5a-Reductase of 4-Substituted N-(1,1-
Dimethylethyl)-3-0xo-4-androstene-17f-carboxamides

eflective
van der Waal's eloctro- ICk
compound R radii® (A) negativity?® (M)
29a OH 1.53 3.51 172
29b 1 1.73 3.00 192
29¢ SH 1.80 2.32 437
29d Br 1.86 Z.80 387

2ICsp values represent the concentration of compounds
refuired to inhibit Sa-reductase activity hy 50%.

B. Divalent Isosteres

Divalent isosteres can be classified into two sub-
groups: (1) Those divalent bioisosteres which involve
the interchange of atoms that are involved in a
double bond, such as in the series; C==C, C=N, C=0,
and C=8. And (2) those divalent isosteres where
substitution of a different atom results in the alter-
ation. of two single bonds such as in the series;
C—~C—C, C—NH~C, C—~0~—C, and C—-S—C. Both of
these types of bioisosteric substitutions have been
used  extensively in the study of the structure—
activity relationships of various pharmacologically
active agents.

1. Divalent Replacements involving Double Bonds

This subelass includes replacements such as C=S,
C=0, C=NH, and C==C. As we have already dis-
cussed in the earlier sectiuns, the presence of het-
erocyclic systems in most of the lead compounds
under study as medicinal agents facilitates the tau-
tomerization of these groups. As mentioned earlier,
for the purpose of this review, the classification of

Chemical Reviews, 1896, Vol. 96, No, 8 3165

such analogues as divalent bivisosteres requires the
absence of @ mobile proton which can migrate within
the ring system.

The replacement of C=S with C==0 in Tolrestat
{30a, Figure 21), an aldose reductase inhibitor cur-
rently under study in human subjects for the treat-
ment of diabetic neuropathy, resulted inn oxo-Tolrestat
(30b), which retained activity both in vitro and in
vivo (Table 17).4

?HQCOzH
g AN
N CHy

GO
F3
Figure 21,

Table 17. Aldose Reductase Inhibitory Activity of
Tolrestat and Oxo-Tolrestat

aldose reductase inhibition

compound X in vitre” invivep
30a A} 94 53
3Gbh o] 86 56

7 Inhibition of enzyme activity in partially purified bovine
lens preparation. ® Inhibition of galactitel accumulation in the
sciatic nerves of rats fed 20% galaclose [or 4 days.

Another illustration of the use of this class of
divalent isosteres is with certain novel purine nucleo-
side analogues (31, Figure 22) that were tested in
vivo for antiviral activity against Semliki Forest virus
(SFV} infection in a mouse model. ¥ Table 18 putlines
the percentage of mice that survived for 21 days for
the various bioisosteric analogues compared to the
absence of any survivors in control infected mice.
Replacement of the sulfur atom at C-8 with the
oxygen or selenjumn atom, another well-known diva-
lent isosteric replacement, resulted in weaker activity
relative to the thio analogue.

o
N
et
N N TN
HO— o
OH OH
3
Figure 22.

Table 18. Activity of Guanosine Bivisosteric
Analogues against Semliki Forest Virus

compound X % total survivors
31a 5 83 (10/12)
31b 0] 67 (8/12)
31c Se 58 (7112)

2. Divalent Replacements Involving Two Single Bonds

The second major class of divalent bioisosteres
represents those atoms or groups which are attached
to different substituents. As these divalent biviso-
steres are attached to two different substituents, the
chemical and polar differences are less pronounced.
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45
Figure 30.

Table 23. Ju Vitro and ex Vivo Inhibition of Lipid
Autooxidation in Mouse Heart Homogenate

in vitro* ex vivod
compuund X IC50 QtM) IDsn (uM/kg) ICso/IDsp
45a —N*+(CHaj)z 19 11 1.7
45b ~P*(CHa)s 10 8 1.3
45‘:_ —S+HCH;). 7 6 1.3

2 Concentration that inhibits thiobarbituric acid reactive
substances (TBARS) formation by 50%. ® Dose that inhibits
TBARS formation by 50% 1 h after sc administratiorn.

E. Ring Equivalents

Ring equivalent bioisosteres represent the final
subclass of classical bivisosteres that will be re-
viewed. Classical isosteric substitutions when ap-
plied within ring systems result in different hetero-
cyclic analogues which can be effective bioisasteres.
The use of the classical bioisosteres benzene, thio-
phene, and pyridine resulted in analogues with
retention of biological activity within different series
of pharmacological agents. One of the successful uses
of this replacernent resulted in the potent antihista-
mine mepyrarmine (47, Figure 31) which evolved by
the replacement of the phenyl moijety in antegran
(46) by a pyridyl group.

= V,Cltlz-Q—‘R
A h‘CH;*-CHg-"N(CH;.);
46 X=CH,R=H Antergan
47 X =N, R =QCH; Mcpyramine
Figure 31.

Substitution of benzene by pyridine also improved
activity in the tricyclic antihistamines [promethazine
{48a) and isothipendyl (48h)] and neurocleptics [pro-
mazine (48c) and prothipendyl (48d)] (Figure 32) and
resulted in a reduction of both sedative and extrapy-
ramidal effects. In reviewing some more recent
studies, this subclass of bivisosteres will be divided
into (1) divalent ring equivalents and (2) trivalent

ring equivalents.
§ 4
$8e
N
v

48a Y = CH,CH(CH4)N(CHj), X=CH

48b Y = CH,CH(CHa)N(CH;); X =N

48¢ Y = CHaCH,CHaN(CHy), X =CH

48d Y = CHCILCHN(CH), X =N
Figure 32.

1. Divalent Ring Equivalents

Some of these heterocyclic rings obtained by the
replacement of a heteroatom within different ring
systerns will be discussed among the nonclassical
category of bioisosteres on the basis of their ability
to mimic the spatial conformation of certain other
functional groups.

Patani and LaVoie

A copper-containing monooxygenase, dopamine
B-hydroxylase, present in a variety of mamrmalian
tissues, catalyses the benzylic hydraxylation of dopa-
mine. Since dopamine f-hydroxylase plays an im-
portant role in the biosynthetic production of nor-
adrenaline, it could be a target for the design of
inhibitors as potential therapeutic agents for the
modulation of adrenergic activity in vive. Isosteric
divalent ring replacements as abtained from Grimmy's
Hydride Displacetnent Law (Table 2) resulted in
retention of activity within a series of indane deriva-
tives (49, Figure 33) evaluated as inhibitors of
dopamine S-hydroxylase® (Table 24).

CH0 : X

49
Figure 33.

Table 24. Kinetic Inhibition Parameters for
Dopamine f-Hydroxylase by Indan Derivatives

compound X K {mM)*
49a ~CH— 112
49b —~0- 0.65
43¢ ~NH- 0.4

4 Apparent binding constant K; cstimated by plotting 1/k.
as a function of 1/[1].

The applicability of divalent ring-equivalent iso-
steres has also been demonstrated in other five- and
seven-membered ring systems. The search for novel
cardiotonic agents resulted in the successful develop-
ment of two clinically useful agents, amrinone3* (50)
and milrinone (51) (Figure 34). It is known that
the positive vasedilatory actions of amrinone and
milrinone are related to the inhibition of adenosine
3,5-cyclic phosphate phosphodiesterase II1 {(cAMP
PDE 1I5).

During SAR studies on amrinone (50), it was
ohserved that a free amino group was not necessary
for in vitro cAMP PDE I activity.’® This prompted
the design and synthesis of analogues with general
structure 5257 Table 25 summarizes the in vitro
cAMP PDE III activity of the divalent ring-equivalent

N7 ]
7 ] x
=, ==()
¥ i
H
50 51 5
Figure 34.
Table 25. In Vitro cAMP PDE IIT Activity of
Rin%;Equivalent Bioisosteres of
5-(4-Pyridinyl)benzoxazol-2(3H)-one
cAMP PDE 111
compound X 1Csq (M)
50 amrinoine 28
51 milrinone 0.36
52a -0- 9.8
52b ~Cl I~ 53
52¢ —NH~ 1.3
52d -5~ 0.54

7 Concentration required to cause 50% inhibition of cAMP
PDE 11 in vitro.
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Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la
Decisidon 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documehtos estudiados

Descripcion: Folios: 57 a 114y 122 como se radicd inicialmente

Reivindicaciones: Folios 115 a 121 como se radicé inicialmente
Folios 179 a 180 modificados

Prioridad: Folios: 01

11 de Julio de 2002, DE, 10231370.9

Respuesta del solicitante: Folios 172 a 176 modificados

2. Analisis de la Prioridad

o La fecha de prioridad del 11 de Julio de 2002 y su correspondiente documento,
corresponden con la materia solicitada de proteccion.

3. Objeto de la invencion
o Titulo de la solicitud: “NUEVOS DERIVADOS DE GLICOSIDO DE TIOFENO,
METODOS PARA LA PREPARACION DE LOS MISMOS, MEDICAMENTOS QUE
COMPRENDEN DICHOS COMPUESTOS Y SU USO”

El objeto de la presente solicitud de patente de invencién consiste en  obtener
compuestos glicdsidos de tiofeno para el tratamiento de la diabetes de férmula I

A



{1

El problema planteado en esta solicitud es la necesidad de obtener compuestos glicésidos
del tiofeno para el tratamiento de la diabetes

Para solucionar este problema técnico la solicitud en estudio, el solicitante proporciona
compuestos segun férmula general |.

e Clasificacion Internacional de Patentes (IPC.): CO7H7/00; A61K31/7042;
A61K31/7048

4. Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

» Fecha de presentacion de la solicitud prioritaria; 11 de Julio de 2002

Considerando que la fecha de presentacién de la primera solicitud de patente de la cual
se reivindica prioridad es; 11/07/2002 se encontraron los siguientes documentos del
estado de la técnica relacionados, que pueden afectar la patentabilidad del objeto de la
presente solicitud:

—
N° Documento Titulo Jiiﬁg: ccijc’?n
"Na’-Glucose transporter
inhibitors as antidiabetics. |.
Chem Phar. Bull 44 (6) Synthesis and
D2 1174-1180 (1996), Kenji Pharmacological properties 1996
Tsujihara et al of 4’-dehydroxyphlorizin
derivatives base don a new
concept”
Bioisosterism: a Rational
D3 Chem.Rev, 3119795’ 9, 3147- Approach in Drug Design 1996

5. Analisis de patentabilidad (articulo 14 D486)
Nivel inventivo (articulo18 D486)
1) Respecto a la solicitud en estudio:

La reivindicacion 1 se refiere a un compuesto de formula (1):

HO

HO._

2) Respecto al estado de la Técnica:

D2 ensefa previamente compuestos derivados de la florizina para el tratamiento de la
diabetes con la siguiente estructura (Ver pagina 1174):



2

&
%

Phiorizin

Al realizar los reemplazos en la solicitud presentada cuando R’ y R?son hidroxi, A es
-(C=0)CH.CH, (Ver ejemplos 1-6-folio 79) y Cyc1 es fenilo sustituido por R’y es —OH,

se obtiene la siguiente estructura:
HO

OM
OH Solicitud presentada

D3 ensefia previamente el empleo del bioisoterismo, el cual es usado para la modificacion
racional de compuestos lideres en agentes mas seguros y clinicamente efectivos (Ver
pagina 3147)

En la tabla 2, por ejemplo D3 (Ver columna 2, pagina 3148) ensefa los isosteros del
oxigeno, los cuales pueden ser NH y CHy

También divulga D3 la clasificaciéon de los isdsteros divalentes en dos subgrupos (Ver
columna 1, pagina 3155)

1) Aquellos que implican el intercambio de atomos que se encuentran involucrados en
un doble enlace, como son las series: C=C, C=N,, C=0y C=S

2) Los isésteros divalentes donde la sustitucidn de un atomo diferente resuita en la
alteracion de los enlaces sencillos como son las series; C-C-C,C-NH-C,C-O-Cy C-
S-C

Para las equivalencias de los anillos, D3 (Ver columna 1, pagina 3158) ensefia el uso de
los bioisGsteros clasicos tales como benceno, tiofeno y piridina resultando en la retencién
de la actividad dentro de series diferentes de los agentes farmacoldgicos.

3) Estado de la Técnica mas cercano: D2

La diferencia de la solicitud presentada con D2 es |a presencia del anillo tiofeno en vez de
un arilo y la presencia de grupos hidroxilo en el tiofeno.

En D2, por lo tanto ya se encontraba sugerida la estructura quimica de un glicésido y dos
anillos aromaticos.

El solicitante varia los diferentes sustituyentes encontrados en el campo de la quimica
organica en la molécula empleando el concepto de bioisosteria (D3):



En D2 reemplaza el fenilo (D2) por un anillo analogo tal como es el tiofeno (D3) o de
forma tal que se obtienen compuestos alternos a los previamente divulgados.

No se evidencia por lo tanto el efecto superior e inesperado al realizar este reemplazo
comparativamente con los compuestos previamente divulgados, pues para el experto
técnico en la materia al emplear los conceptos de bioisosteria, se derivarian de forma
obvia y sin necesidad de utilizar habilidad inventiva los compuestos de la solicitud
presentada

El Problema Técnico Objetivo fundamental el cual es “obtener compuestos glicosidos
del tiofeno para el tratamiento de la diabetes”, seria faciimente resuelto por el experto
en la materia con las anterioridades encontradas, pues es evidente que con el documento
D2 y D3 se obtendrian los compuestos de la solicitud presentada como compuestos
alternos frente a los ya conocidos, realizando las modificaciones al grupo farmacoférico ya
conocido, por lo tanto carece de nivel inventivo.

De manera tal que los compuestos de la solicitud presentada y sus medicamentos
carecen de nivel inventivo.

6. Conclusidn:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

o o Reivindicaciones "
N Documento N afectadas Requisito que afecta
F l Chem Phar. Bull 44
(6) 1174-1180 i . .
D2 (1996), Kenyji 1-7 Nivel Inventivo
Tsujihara et al
Chem.Rev, 1996, . ,
_“D3 96, 3147-3176 1-7 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias contados
a partir de la fecha de notificacién de la presente comunicacion. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMENZA ¢ gEDES DE VERGEL
Jefe de Division d¢ Nuevas Creaciones _
El anterior requerimiento fue notificado por fijacion en lista, de fecha o

EXAMINADOR TECNICO

CONCEPTO TECNICO No. 01716 Cadigo No. 202070

% . .
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A 11 PATENTEIVE — Eye,
E. S. D. - ct. 444 RESPUESTAREQUE Folios: 8

Re.. Expediente No. 05.000.562
Solicitud del examen de patentabilidad correspondiente a la Patente PCT
Entrada en Fase Nacional, para:
“NUEVOS DERIVADOS DE GLICOSIDO DE TIOFENO, METODOS PARA LA
PREPARACION DE LOS MISMOS, MEDICAMENTOS QUE COMPRENDEN DICHOS
COMPUESTOS, Y SU USO”
Solicitante: SANOFI-AVENTIS DEUTSCHLAND GMBH

RESPUESTA AL EXAMEN DE FONDO

Yo, Luis Patifio Leyva, identificado como aparece al pie de mi firma, atentamente
me permito presentar respuesta al oficio No. 6954 notificado por fijacidn en lista

del 19 de junio de 2009, en los siguientes términos:

Nivel inventivo

Ese Despacho considera gue la presente solicitud carece de nivel inventivo frente
a los documentos D2 (Na+-glucose cofransporter inhibitors as anfidiabetics. |.
Synthesis and Pharmacological properties of 4'-dehydroxyphlorizin derivatives
based on a new concept) y D3 (Bioisosterism: a rational Approach in Drug
Design), porque la Unica diferencia de D2 con la solicitudes es la presencia del
anillo de tiofeno en vez de un arilo, reemplazo que resulta evidente a partir de las
ensefianzas de D3 y no evidencia un efecto técnico superior para los compuestos

reivindicados.
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SUPERINTENDENCIA DE INDUSTRIA ¥ COMERCIO

Dep. 202_0 NUECREACIONE
379 FASENACIONALI!

Ve



Presento un nuevo pliego reivindicatorio en donde los significados de A en la

formula 1 se han limitado a —-CHz-y, se ha eliminado la reivindicacion 3.

La limitacidbn mencionada hace alin mads notoria la diferencia de estructura
quimica de los compuestos de la invencidn cuando se comparan con los
derivados de Phlorizina. De tal manera que el enlazante A es totaimente
diferente al elemento correspondiente en la Phlorizina y la estructura mostrada
por el oficio No. 6954 cuando A es —(C=0) CH2CH2 no estd contemplada en las

nuevdas reivindicaciones,

La limitacion de A a CH2 no es anticipada por las ensefianzas del documento D3

sobre bioisosterismo y es claramente una nueva definicidon de _una clase de

compuestos que no_habia sido divulgada ni sugerida en los documentos citados

como estado _del arfe. Asi entonces, no existe en el estado de Ia técnica en su

conjunto ninguna indicacion que lleve al técnico medio a modificar o adaptar el
estado de la tecnica md&s cercano (D2) de tal manera gue se llegue a las

definiciones dadas en Ias nuevas reivindicaciones.

En cuanto al efecto superior e inesperado de los compuestos reivindicados frente
a los divulgados por D2 (Phlorizina), hago referencia a los argumentos
presentados en la respuesta al anterior oficio de fondo en donde demostré que
los compuestos de la invencidn son inhibidores selectivos de SGLT2, mientras que
D2 no hace alusidn a la discriminacion SGLT1/ SGLT2, La inhibicidn selectiva del
transportador de proteina SGLT2 tiene la ventaja de evitar los efectos laterales
que estan relacionados a la inhibicién de SGLT1 en el infestino delgado. A este
respecto, el documento WOO01/27128, en el Ultimo parrafo de su pdgina 4, hace
enfasis en que la Phlorizina no es atractiva como un medicamento de
administracién oral. También afirma que la inhibicion de SGLT1 estd relacionada
con un: detferioro en la captacién de glucosa en el intestino, diarrea y

deshidratacion.

Ahora, los siguientes resultados comparativos que fambién presenté ante su

Despacho en la respuesta al oficio anterior,

Phlorizina Ejemplo 7
SGLTI 0.27uM 26,3 M
SGLT2 0,068 uM 0,011 uM

e

K



evidencian que los compuestos de la invencion si_tienen un efecto superior e

inesperado sobre |la Phlorizina (documento D2} que es un inhibidor de SGLT1/2 no

selectivo en comparacién con el compuesto del ejemplo 7 de la presente

invencién, el cual evita los efectos laterales relacionados con la inhibicion de

SGLT1 en el intestino delgado.

En este orden de ideas, la presente solicitud tal y como se modificd tiene altura
inventiva por cuanto ninguno de los documentos citados ensefia o sugiere la
estructura reivindicada para los compuestos ni tampoco presentan indicacidon
alguna gue lleve al técnico medio a modificar la estructura de los compuestos de
la anterioridad D2 con el objeto de lograr los compuestos reivindicados que
constituyen una solucion al problema técnico planteado sobre la necesidad de

compuestos nuevos para prevenir y tratar la diabetes de fipo 1 y de tipo 2.

Teniendo en cuenta los argumentos expresados arriba, respetuosamente solicito,
se conceda el fitulo de patente a la presente invencidn puesto que la misma

cumple con los requisitos del articulo 18 de la Decision 486.

ANEXOS

. Capitulo reivindicatorio

. Recibo de pago por modificaciones
. Formulario para modificaciones

Sefiora Jéfe, A o T

Luis Patino Leyva

C.C.No.2.930.616 de Bogotd

T.P.A. N0.2698 del C. Sup. de la Judicatura
Calle 94A No. 7A - 09

Teléfonos: 7560770

PATENTES/DR. PATING/P20035/MEMORIAL FONDO 1l
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I ‘ Espacio reservado para el adhesivo de radicacion

Industria y Comercio
S_L‘I‘PERINTENDENCIA

\ FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

LUIS PATINO LEYVA IDENTIFICACION

Nombre:
‘ REPRESENTANTE

O APODERADO Direccion; Calle 94A No. 7A-09 C.C. NT [
Teléfono: 756 07 70 Fax: 756 01 58 ce. O otro []
E-mail: info@castellanosyco.com Cual
Numero  2,930.616  TPA 2698

@ Anexos:

Comprobante de pago de la tasa.
DPoderes si fuere el caso, junto con la sustitucién de los mismos a mi favor.
DDocumento que acredita la existencia y representacion legal de las partes, cuando sean personas juridicas
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REIVINDICACIONES MODIFICADAS

1. Un compuesto de formula |

HO
HO
O
R1
A |
HO A\
: S
OH R2

R1 es hidrogeno, CF3, alquilo(C4-Cy), fenilo,
R2 es hidrégeno,
A es -CHo-;
n es el nimero 2 6 3;
Cyc1 es fenilo o tienilo;

R3, R4, R5 - son hidrogeno, F, CI, I, NO,, OH, CN, alquilo(C4-Cg), alcoxi(C1-Cg), O-
CHy-fenilo, OCF3, S-CH3, COOH, o bien

R3yR4 son conjuntamente -CH=CH-O-, —O-(CHg)p-O-, conp =102 -0O-CFy-0-,
-CH=CH-CH=CH-, y

R5 es hidrégeno.

y sus sales farmacéuticamente aceptables.

2. Un compuesto de formula | seguin la reivindicacion 1, en el cual A esta unido al
anillo de tienilo en ia posicidn 2.

3. Un compuesto de fdrmula | segln las reivindicaciones 1 o 2, en el cual

Cyc1 es fenilo.



4. Un compuesto de formula | segun las reivindicaciones 1 a 4, en el cual

Cyc1 es tienilo.

5. Un compuesto de férmuia | segun las reivindicaciones 1 a 5, en el cual
Cyc1 esta monosustituido.

6. Un medicamento que contiene uno 0 mas de los compuestos segin una o mas
de las reivindicaciones 1 a 5.

/p\
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Howsver, the two transporters do vary in their substrate
speocificities for sugars such as galactose, which is a
sublsleale Lor SGLT1 only.

Administration of phlorizin, a specific inhibitor of
SGLT activity, provided proof of concept in vive by
promoting glucose excretion, lowering fasting and fed
olasma glucose, and promoting glucose utilization withour
hypeglycemic side effects in several diabetic rodent
models and in one canine diabetes model. No adverse
effects on plasma icon balance, renal funciion or renasl
morpholsyy have been chbucrved as n comsceguenss of
phiorizin treatment for as long as twoe weeks. In
addition, no hypoglycemic or other adverse effects have
been observed when phlerizin is administered to normal

animals, despite the presence of glycosuria.

CAdministration of an inhibitor of renal SGLIs for a o-

_and dahyafatién. The biochemical differences

month period (Tanabe Seiyaku) was reported to improve
fasting and fed plasma glucose, dmprove insulin secretion
and utilization in obese NIDDM rat models, and offset the
development of nephropathy and neuropathy in the absence
of hypoglycemic or renal side effects.

) -thoriﬁiﬁgitself is unattractive as an oral drug
slnce it is a nomspecific SGLTL/SGLT2 inhibitor that is

hydrolyzed in the gut to its aglycone phloretin, which is

~a potent inhibitor of facilitated glucose Transport.

Concurrent inhibition of facilitative glucose

Crangporters (GLUTs) is undesirable since such inhibitors
would be predicted to exacerbate peripheral insulin
resistance as well as promote hypoglycemia in the CNS.
Innibition of S6LTE could also have serious adverse

consequences as 1is illustrated by the hereditary syndrome

glucese/galactose malabsorption (GGM), in which mutatio

in the SGLT1 cotransporter result in impaired

Uptare in the intestine, .and life-threatening. digrr

LA
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{54) GLUCOPYRANOSYLOXY BENZYLBENZENE DERIVATIVES, MEDICINAL COMPOSITIONS
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DERIVATIVES

(87)  The present invention relates to glucopyrano-
syloxybenzylbenzene derivatives represented by the

general formula:
Fﬂ\@\/@ﬂz
HO SO0 (D
CHOY ™Y T0M

OH

wherein B! represents a hydrogen atom or a hydroxy
{lower alkyl) group; and R? represents a lower alkyl
group, a lower alkoxy group, a lower alkylthio group, a
hydroxy(lower alkyl) group, a hydroxy(lower alkoxy)
group, a hydroxy(lawer alkyithio) group etc., and salts
thereof, which have an excellent inhibitory activity in hu-
man SGLT2 and are useful as agents for the prevention
ortreatment of diabetes, obesity ate., and infermediates
thereof,
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Test Example 1

Assay for inhibitoty effect on human 8GLT?2 activity

1) Construction of the plasmid vector expressing human SGLT2

[0064] Preparation of the cDNA library for PCR amplification was petformed by reverse transcription of a total ANA
deprived from human kidney (Ori gene) with olige dT as the primer, using SUPERSCRIPT Preamplification System
(Gibco-BRL: LIFE TECHNOLOGIES). DNA fragment coding for human SGLT2 was amplified by the Pfu DNA Polymer-
ase (Stratagene)-used PCR reaction, in which the human kidney cDNA library described above was used as the tem-
plate and the following oligo nucleotides 0702F and 0712R, presented as Sequence Numbers 1 and 2 respectively,
were Used as the primers. The amplified DNA fragment was ligated into pCR-Blunt (Invitragen), a vector for cloning,
according to standard method of the kit. The competent coll, Escherichia coil HB101 (Toyobo), was transformed ac-
cording to usual mathod and then selection of the transformants was performed on the LB agar medium cantaining 50
ng/mL of kanamycin. After plasmid DNA was cxtracted and purified from the ane of the transformants, amplifying of
the DNA fragment coding for human 8GLT2 was performed by the Pfu DNA Polymerase (Stratagene)-used PCR re-
action, in which the following olige nuclaclides 0714F and 07158, presented as Sequence Nurnbers 3 and 4 respec-
tively, were used as the primers. The amplified DNA fragment was digested with restriction enzymes, Xho | and Hind
[, and then purified with Wizard Purification Systermn (Promega). This purified DNA fragment was inserted at the cor-
responding restriction enzyme sites of pcDNA3.1 () Myc/Ris-A (Invitrogen), a vector for expressing of fusion protein.
The competent cell, Escherichia coil HB101 (Teyobo). was transformed according to usual method and then selection
of the transformant was petformed on the LB agar medium containing 100 pg/mL of ampicillin. After the plasmid DNA
waa extracted and purified from this transformant, the sequence of the DNA fragment inserted at the multi-cloning sites
of the vector, pcDNA3.1 (-} Myc/His-A, was analyzed. This clone had a single base substitution (ATC which codes for
the Isoleucine-483 was substituted by GTC) compared with the human ' SGLT2 reported by Wells st af (Am. J. Physial.,,
Vol. 263, pp. 459-465 (1992)). Sequentially, a ¢lone in which valine is substituted for isoleucine-433 was obtained. This
plasmid veclor expressing human SGLT2in which the peptide presented as Sequence Number 5 is fused to the carboxyl
lerminal alanine residue was designated K29,

Segquence Number 1 ATGGAGGAGCACACAGAGGC
Se@ence Number 2 GGCATAGAAGCCCCAGAGGA
Sequence Number 3 AACC’I‘CGAGATGGAGGAGCACACAGAGGC
Squence Number 4 AACAAGCTTGGCATAGAAGCCCCAGAGGA
Sequence Number 5 KLGPEQKLISEEDLNSAVDHHHHEH

2) Preparation of the cells expressing transiently human SGLT2

[0065] K29, the plasmid coding human SGLT2, was transfected into COS-7 cells (RIKEN CELL BANK RCB0539)
by electroporation, Electroporation was performed with GENE PULSER [l {Bio-Rad Laboratories) under the cendition:
0.290 kv, 975 uF, 2 x 108 cells of COS-7 cell and 20 pg of KL29 in 500 uL of OPTI-MEM | medium (Gibco-BRL: LIFE
TECHNOLOGIES) in the 0.4 cm type cuvette. After the gene transfer, the cells were harvested by centrifugation and
resuspended with OPTI-MEM | medium (1mbL/cuvette}. To each well in 96-wells plate, 125 plL of this cell suspension
was added; After overnight culture at 37°C under 5 % CQ,, 125 pl. of DMEM medium (Gibco-BRL: LIFE TECHNOL-
QGIES) which is containing 10 % of fetal bavine serum (Sanko Jyunyaku), 100 units/mL sedium penicillin G (Gibco-BRL:
LIFE TECHNOQLOGIES), 100 ng/ml streptomycin sulfate (Gibco-BRL: LIFE TECHNOLOGIES) was added o each
well. After a cuiture until the fellowing day, these cells were used for measurement of the inhibitory activity against the
uptake of methyl-c-D-glucopyranoside,
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3) Measurement of the inhibitory activity against the uptake of methyl-a-D-glucopyranoside

[0066] After removal of the medium of the COS-7 cells expressing transiently human SGLT2, to each well 200 ul of
the pretréatment buffer (a pH 7.4 buffer containing 140 mM choline chloride, 2 mM potassium chloride, 1 mM calcium
chloride, 1 miv magnesium chloride, 10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyllethane sulfonic acid and & mM tris
(hydroxymethyaminomethane) was added and the cells were incubated 37°C for 10 minutes. The pretreatment buffer
was removed and 200 L of the same buffer was added again, and then the cells were incubated 37°C for 10 minutes.
Seven uL of methyl-o-D-(U-14C)glucopyranoside (Amersham Pharmacia Biotech) was added to 525 il of the buffer
for uptake containing test sample (a pH 7.4 buffer containing 140 mM sodium chloride, 2 mM potassium chloride, 1
mM caleium ehioride, 1 mM magnesium chioride, 5 mM methyl-a-D-gluco-pyranoside, 10 mM 2-[4-(2-hydroxyethyl)-
1-piperazinyllethane sulfonic acid and & mM tris(hydroxymethyl)aminomethane), and this mixture was mixed, and then
the buffer for measurement of uptake was prepared. For the control, the buffer for measurement of uptake without test
compound was prepared. For estimate of the basal uptake in the absence of test compound and sodium, the buffer
formeasuremaent of the basal uplake, which eontaing 140 mM choling chloride in place of sodium ¢hloride, was prepared
similarly, After the pretreatment buffer was removed, 75 ub of the buffer for measurement of uptake was added to each
well, the cells were incubated at 37°C for 2 hours. Affer the buffer for measurement of uptake was removed, 200 ulL
of the washing buffer {a pH 7.4 buffer containing 140 mM choline chloride, 2 mM potassium chloride, 1 mM calcium
chloride, ¥ mM magnesium chloride, 10 mM methyl-a-D-gluco-pyranoside, 10 mM 2-{4-(2-hydroxyethyl)-1-piperazinyl]
athane sulfonic acid and 5 mM tris(hydroxymethyllaminomethane) was added 1o each well and immediately removed.
After two additional washing, thc cells were solubilized by addition of 75 uL of 0.2 N sodium hydroxide to each well.
After the cell lysates wers transferred to the PicoPlate (Packard) and 150 ub of MicroScint-40 (Packard) was added
to cach well, the radioactivity was measured with microplate seintillation counter TopCount (Packard). The difference
in uptake was obtained as 100 % value by subtracting the radioactivity in the basal uptake from that in control andthen
the concentrations at which 50 % of uptake were inhibited (IG5 value) were calculated from the concentration-inhibition
curve by least square method. The results are shown in the following Table 1.

[Table 1]
Test compound | 1Cgp value (M)
* Example 1 350
Example 2 450
Example 3 140
" Example 4 500
Example & 330
Example § 370
Example 7 140
Example 8 8t |
Example 9 27
Example 10 210
Example 11 75
Example 12 110

Test Example 2

Assay for the facilitatory effect on drinary glucose excretion

[0067] As experimental animal, overnight fasted 8D rats (8L.C., male, 7 weeks of age, 180-240 g) were used. Ten
mg of test compound was suspended or digsolved in 300 uL of ethanol and then dissolved by adding of 1.2 mL of
pelyethylene glycal 400 and 1.5 mL of saline, and then 3.3 mg/mL solution was prepared. Three hundred uL of this
solution was dissolved with 2.7 mL of the solution for dilution (saline: polyethylene glycol 400:ethanol = 5:4:1) and then
0.33 mg/mL solution was prepared. After the body weights of rats were measured, the solution of test compound was
intravenously injected to the tail vein at the dose of 3 mU/kg (1 mg/kg). For control, just only the solution (saline:
polyethylene glycol 400:ethanol = 5:4:1) was intravenously injected to the tail vein at the dose of 3 ml/kg. Immediately
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after intravencus injection to the tall vein, 200 ¢/l of glucose solution was orally administered to the rats at the dose
of 10 mls/kg (2 g/kg). The intravenous injection to the tail vein was perfermed with 26 G injection needle and 1 mL
syringe. The oral administration was performed with gastric tube for rat and 2.5 mL syringe. The head count in one
group was 2 or 3. Collection of urine was petformed in metabolic cage after the oral adminlstration of glucose was
finished. The sampling time for collection of urine was 24 hours after the oral administration of glucose. After the
collection of urine was finished, the urine volume was recorded and the urinary glucase concentration was measured.
The glucose concentration was measured with a kit for laberatory test: Glucese B-Test WAKO (Wako Pure Chemical
Industries, Lid.). The amount of urinary glucose excretion in 24 hours per 200 g of body weight was calculated from
urine volume, urinary glucose conceniration and bod)/ weight. The results are shown in the following Table 2.

[Table 2]
[ Test compound | Amount of urinary glucose excretion (mg)
Example 1 274
Example 7 1091
Example 8 238.9
Example 10 §9.5

Test Example 3

Acute toxicity test

[0068] Five weeks old male ICR mice (CLEA JAPAN, INC. 29-34 g, 5 animals in each group) were fasted for 4 hours,
and 6686 mg/mL of a suspension which was prepared by adding saline: polyethylene glycol 400:ethanol (5:4:1) to
2-[4-(2-hydroxy-ethyl)benzylipheny! B-D-glucopyranoside (the compound described in Example 10) was subcutane-
ously administered at the dose of 3 mlL/kg (2000 mg/kg). No death was observed until 24 hours after the administration.

Industrial Applicability

[0069] The glucopyranosyloxybenzylbenzene derivatives represented by the above general formula (1) of the present
invention have an excellent inhibitory activity in human SGLT2. The present invention can provide agents for the pre-
vention or treatment of diabetes, diabetic complications, obesity or the like. in additicn, since compounds represented
by the above general formula (11) are important as intermediates in the production of the compounds represented by
the above gencral formula ([}, the compounds represented by the above general formula (1) of the present invention
can be readily prepared via such compounds.

Claims
1. Aglucopyranosyloxybenzylbenzene derivative represented by the general formula:

RA R?

‘

o

HO" 00
HO ™Y OH

OH

wherain R represents a hydrogen atom or a hydroxy(lower alkyl) group; and R2 represents a lower alkyl group,
a lower alkoxy group, & lower alkylthio group, & hydroxy(lower alkyl) group, a hydroxy(lower alkoxy) group, a
hydroxy(lower alkylthio) group, a lower alkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted (lower
alkoxy):group or a lower alkoxy-substituted (lower alkylthio} group, or 4 phamaceutically acceptable salt thereof.
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syloxypyrazole defivatives represented by the general (lower alkyl) group; and R? represents a hydrogen atom,
formula: 4 lower alky! group, a lower alkoxy group, a lower

alkyithio group, a halo(lower alkyl) group or a halogen
atom, or pharmaceutically acceptable salts thereof,
which have an inhibitory activity on human SGLT2 and

2 1
R T are useful as agents for the prevention or treatment of
/B (I) diabetes, diabetic complications or obesity, and to phar-
(o} N’N maceutical compositions compriging the same and in-
é 1 termediates thereof.

wherein [t represents a hydrogen atom or a lower alkyl
group; onaof Q1 and T* represents a group represented
by the general formula:

HO

HO™ ™Y “OH
OH
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2) Preparation of the cells expressing transiently human SGLT2

10103] KL29, the plasmid expressing human S8GLT2, was transfecled into CO8-7 cells (RIKEN CELL BANK
RCB05389) by electroporation. Electroporation was performed with GENE PULSER It (Bio-Rad Laboratories) underthe
condition: 0.290 KV, 975 uF, 2 x 108 cells of COS-7 cell and 20 pg of KL29 in 500 uL of OPTI-MEM | medium (Gibco-BRL:
LIFE TECHNCLOGIES) in the 0.4 cm type cuvette. After the gene transfer, the cells were harvested by centrifugation
and resuspended with OPTI-MEM | medium (ImUcuvette). To each well in 98-wells plate, 125 b of this cell suspension
wasg added. After overnight culture at 37 °C under 5 % CO,, 125 uL of DMEM medium which is containing 10 % ot
fetal bovine serum (Sanko Jyunyaku), 100 units/mL sodium penicilin G (Gibco-BRL: LIFE TECHNOLOGIES), 100 pg/
mL streptormycin sutfate (Gibco-BRL. LIFE TECHNDLOGIES) was added to each well. These cells were cultured until
the next day and then they were used for the measurement of the inhibitary activity against the uptake of methyl-o-D-
glucepyrenoside.

3) Moasurement of the inhibitory activity against the uptake of mathyl-e-D-glucopyranoside

[0104] After a test compounds was dissolved in dimethyl sulfoxide and diluted with the uptake buffer (a pH 7.4 buffer
containing 140 mM sodium chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM magnesium chloride, 5
mM methyl-a-D-glucopyranoside, 10 mM 2{4-(2-hydroxyethyl)-1-piperazinyllethane suifonic acid and 5 mM tris(hy-
droxymethyllaminomethane), each diluent was used as test sample for measurement of the inhibitory activity. After
remaval of the medium of the COS-7 cells expressing transiently human SGLT2, to each well 200 uL of the pretrealment
bufier {a pH 7.4 buffer containing 140 mM choline chloride, 2 mM potassium chioride, 1 mM calcium ¢hloride, 1 mM
magnesium chiaride, 10 mM 2-[4-(2-hydroxyethyl}-1-piperazinyllethane sulfonic acid and 5 mM tris{(hydroxymethyl)
aminomethane) was added, and the cells were incubated at 37 °C for 10 minutes. After the pretreatment buffer was
removed., 200 L of the same buffer was added again, and the cells were incubated at 37 °C for 10 minutes. The buffer
for measurement was prepared by adding of 7 ul of methyl-a-D-(U-14C)glucopyranoside(Amersham Pharmacia Bio-
tech) to 525 uL of the prepared test sample. For the contral, the buffer for measurement without test compound was
prepared. For estimale of the basal uptake in the absence of test compound and sodium, the buffer for measurement
of the busal uptake, which contains 140 mM chaoline chloride in place of sedium chloride, was prepared similarly. After
the pretreatment buffer was removed, 75 ul. of the each buffer for measurement was added to each well, the cells
were incubated at 37 °C for 2 hours. After the buffer for measurement was remaved, 200 pl of the washing buffer (a
pH 7.4 buffer containing 140 mM cheline chloride, 2 mM potassium chloride, 1 mM caleium chloride, 1 mM magnesium
chioride, 10 mM meathyl-o-D-glucopyrancside, 10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyflethane sulfonic acid and 5
mM tris(hydroxymethyllaminomethane)was added to each well and immediately removed. After two additional wash-
ings, the cells were selubilized by addition of 75 ul of 0.2 N sodium hydrexide to each well, Alter the cell lysates were
transferredto the PicoPlate (Packard) and 150 ul of MicroScint-40 (Packard) was added to each well, the radioactivity
was measurad with microplate scintilation counter TopGount (Packard). The difference in uptake was obtained as 100
% value by subtracting the radioactivity in the basal uptake from that in control and then the concentrations at which
50 % of uptake were inhibited (ICgp) were calculated from the concentration-inhibition curve by least square method.
The results are shown in the following Table 1.

[Table 1]
Test compound ICgq value (NM)

" Example 35 181
Example 36 441
- Example 37 348
Example 38 702
Example 39 185
Example 43 84
Example 44 509
Example 45 441
Example 46 679
Example 48 415
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Claims

1. A glucopyranosyloxypyrazole derivative represented by the general formula:
p2e/ \ T
/ \
N

F'{l

Q1

wherein R represents a hydrogen alom or a lower alkyl group; onc of Q' and T' represents a group represented
by the formula:

HO' 0. _s0—

HOY ™ “oH
OH
while the other represents a lower alkyl group or a halo(lower alkyl) group; R2 represents & hydrogen atom, a lower
alkyl group, a lower alkoxy group, a lower alkyithio group, & halo(lower alkyl) group or a halogen atom, or a phar-

maceutically acceptable salt thereof.

2. A glucopyranosyloxypyrazele derivative as claimed in claim 1, represented by the gencral formula:

_ =
1 N

QN

rf‘ﬁ

wherein RY represents a hydrogen atom or & straight-chained or branched alkyl group having 1 to 3 carbon atoms;
one of Q' and T!! represents a group represented by the formula:

0. _.0—
HO
HO™ ™ "OH
OH
while the other represents & straight-chained or branched alkyl group having 1 to 3 carbon atoms; and R21 repre-
sents a straight-chained or branched alky! group having 1 to 4 carbon atoms, a straight-chained or branched alkoxy

group having 1 te 3 carbon atoms or a straight-chained or branched alkylthio group having 1 to 3 carbon atoms,
or a pharmaceutically acceptable salt thereof.

3. Aglucopyranosyloxypyrazole derivative as claimed in claim 1, represented by the general formula:



T2 A

Chem. Rev. 1996, 96, 3147-3176 N4

Bioisosterism: A Rational Approach in Drug Design

George A. Patani and Edmond J. LaVoie*

Department of Pharmaceutical Chemistry, College of Pharmacy, Rulgers, The State University of New Jersey, Piscataway, New Jersey 08855-0789

Contents
. Introduction 3147
Il. Classical Bioisosteres 3149
A Monovalent Atoms or Groups 3149
1. Fluorine vs Hydrogen Replacements 3149
2. Inferchange of Hydroxyl and Amino 3150

Groups

3. Interchange of Hydroxyl and Thiol Grotps 3151

4. Fluorine and Hydroxyl, Amino, or Methyl 3152
Groups as Replacements for Hydrogen

: {Grimm’s Hydride Displacement Law)

5. Monovalent Substitutions Involving 3154
Chloro, Bromo, Thiel, and Hydroxyl
Groups (Erlenmeyer's Broadened
Clagsification of Grimm's Displacement

Law)
B.. Divalent Isosteres 3156
1. Divalent Replacements Involving Double 3155
Bonds
2. Divalent Replacements Involving Twa 3165
i Single Bonds
C. Trivalent Atoms or Groups ’ 3156
D.: Tetrasubstituted Atoms 3157
E. Ring Equivalents 3158
1. Divalent Ring Equivalents 3158
2. Trivalent Ring Equivalents 3159
[ll. Nonclassical Bioisosteres 3160
A., Cyelic vs Noncyclic Nonclassical Bioisosteric 3160
Replacements

B.: Nonclassical Bioisosteric Replacements of 3165
Functional Groups

1, Hydroxyl Group Bioisosteres ' 3165

2. Carbonyl Group Bioisosteres 3166

3. Carboxylate Group Bioisosteres 3168

4. Amide Group Bioisosteres 3170

i 5. Thiourea Bioisosteres 3171

8. Halogen Bioisosteres 3172

V. Conclusion 3172
V. Acknowledgments 3172
VI. References 3172

L. Introduction

Years of cumulative research can result in the
development of a clinically useful drug, providing
either a cure for a particular disease or symptomatic
relief fromn a physiological disorder. A lead compound
with a desired pharmacological activity may have
associated with it undesirable side effects, charac-
teristics that limit its bioavailability, or structural
features which adversely influence its metabolism
and excretion from the body. Bioisosterism repre-
sents oné approach used by the medicinal chemist
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for the rational modification of lead compounds into
safer and more clinically effective agents. The con-
cept of binisosterism is often considered to he qualita-
tive and intuitive.!

The prevalence of the use of bioisosteric replace-
ments in drug design need not be emphasized. This
topic has been reviewed in previous years.?” The
objective of this review is to pravide an averview of
bioisostercs that incorporates sufficient detail to
enable the reader to understand the concepts being
delineated. While a few popular examples of the
successful use of bioisosteres have been included, the
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ASUNTO Radicaciéon 05-000562
Tramite 002
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Folios 14

Patente de Invencién Patente de Modelo de Utilidad []

Via Nacional

Via PCT (fase nacional) Cap.l ] Cap. |l
No. Sol. Internacional PCT/EP2003/006841
Fecha de Presentacion Internal. 27 de Junio de 2003

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de la
Decisidn 486 de fa Comisidn de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcion: Folios: 57 a 114 y 122 como se radicd inicialmente
Reivindicaciones: Folios 115 a 121 como se radico inicialmente

Folios 179 a 180 modificados
Folios 218 a 219 modificados
Prioridad: Folios: 01

T 11 de Julio de 2002, DE, 10231370.9

Respuesta del solicitante: Folios 172 a 176; Folios 213 2 215

2. Analisis de la Prioridad

e | a fecha de prioridad del 11 de Julio de 2002 y su correspondiente documento,
corresponden con la materia solicitada de proteccion.

3. Objeto de la invencion

» Titulo de la solicitud: “NUEVOS DERIVADOS DE GLICOSIDO DE TIOFENO,
METODOS PARA LLA PREPARACION DE LOS MISMOS, MEDICAMENTOS QUE
COMPRENDEN DICHOS COMPUESTOS Y SU USO”

El objeto de la presente solicitud de patente de invencién consiste en  obtener
compuestos glicosidos de tiofeno para el tratamiento de la diabetes de formula |

UL
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El problema planteado en esta solicitud es la necesidad de obtener compuestos glicdsidos
del tiofeno para el tratamiento de la diabetes

Para solucionar este problema técnico la solicitud en estudio, el solicitante proporciona
compuestos segun férmula general |

o Clasificacion Internacional de Patentes (IPC.): CO7H7/00; A61K31/7042;
A61K31/7048

4. Determinacion del Estado de la Técnica
La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es:

¢ Fecha de presentacion de la solicitud prioritaria: 11 de Julio de 2002

Considerando que la fecha de presentacion de la primera solicitud de patente de la cual
se reivindica prioridad es: 11/07/2002 se encontraron los siguientes documentos del
estado de la técnica relacionados, que pueden afectar la patentabilidad del objeto de la
presente solicitud:

, . -
. Fecha de
0
ﬁN I Documento Titulo publicacion
l Glucopyranosyloxy
benzylbenzene derivatives,
medicinal compositions
D4 | e e s containing the same and | 20/09/2001
intermediates for the
preparation of the
derivatives.
, Glucopyranosyloxy pirazole
derivatives, medicinal
D5 ng /1021%%? 27 compasitions containing the | 08/03/2001
same and intermediates in
| the production thereof
Bioisosterism: a Rational
] p3 | Chem-Rev, ;197966’ 96, 3147- Approach in Drug Design 1996
|

5. Anadlisis de patentabilidad (articulo 14 D486)
Nivel inventivo (articulo18 D486)
1) Respecto a la solicitud en estudio;

La reivindicacion 1 se refiere a un compuesto de formula (1):
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2) Respecto al estado de la Técnica:

D4 ensefia previamente compuestos de férmula |, Gtiles como agentes para la prevencion
o tratamiento de la diabetes, y obesidad (Ver resumen)

Al Ry Sy, B?
%tv@
MO
HO “OH
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Al realizar las sustituciones planteadas en D4 se obtienen compuestos tales como y
comparado con el de la solicitud presentada:

HO . -0 /“O -
Ho ™" "oH H 0/1
OH D4 HO OH Solicitud presentada

D5 ensefia compuestos Utiles para la prevencion o tratamiento de la diabetes, sus
complicaciones u obesidad (Ver resumen)

Al realizar las sustituciones planteadas en D5 se obtienen compuestos tales como y
comparado con el de la solicitud presentada:

HaC

9]

Q-
vull(:)[»-l
Hs HO :_
HO b

D5 H Solicitud presentada

Tabla “Nivel Inventivo”

Solicitud presentada D4 D5
! HO HO\“] HO © Qs
A@\ HOW( ')DM H()/ﬁ
- o ; HE “OH

HO; QH

O oH

Glucopiranosil

L1

" Glucopiranosil_ Glucopiranosil

\ UL
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El Problema Técnico Objetivo fundamental el cual es “obtener compuestos glicosidos
del tiofeno para el tratamiento de la diabetes”, serfa facilmente resuelto por el experto
en la materia con las anterioridades encontradas, pues es evidente que con los
documentos D4 y D3 o D5 y D3; reemplazando un anillo heteroaromatico analogo por
tiofeno, en el grupo farmacoférico de D4 o de D5, sin emplear habilidad inventiva.

No se evidencia por lo tanto el efecto superior e inesperado al realizar este reemplazo
comparativamente con los compuestos previamente divulgados, pues para el experto
tecnico en la materia al emplear los conceptos de bioisosteria, se derivarian de forma
obvia y sin necesidad de utilizar habilidad inventiva los compuestos de la solicitud
presentada. Y puesto que al comparar los resultados de actividad biolégica como
inhibidores selectivos de SGLT2, se encuentra que:

D4 presenta resultados para el ensayo inhibitorio sobre la actividad SGLT2, valores de
[Cso de 8.1 y 27nM entre otros. (Ver paginas 16 y 17)

D5 presenta resultados para el ensayo inhibitorio sobre la actividad SGLT2, valores de
ICs0 de 84nM entre otros.

El solicitante en el Folio 83 realiza los analisis sobre la medida de la absorcidon de la
glucosa por vesiculas de membrana de borde en cepillo y expresa los valores sobre ICys,
sin evidenciar su actividad inhibitoria selectiva sobre la actividad SGLT2 frente al estado
de la técnica.

De manera tal que los compuestos de la solicitud presentada y sus medicamentos
carecen de nivel inventivo.

6. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N | o Reivindicaciones .

LIL B Doc&rjento N afectadas Requisito que afecta

‘ , EP 1270584 . .

E_%L_A,_\/GV_C)_.QJ/OGB%O 1-6 Nivel Inventivo

| »y

ae | EP1213296 ) . .

\:5 WO/ 01/16147 1-6 Nivel Inventivo
p3 | Chem-Rev, 1996, 1-6 Nivel Inventivo

D3| “ge.3taratre | S | Nwell

7. Respuesta a los argumentos del solicitante:

El solicitante hace referencia en los folios 214 a 215, a que los compuestos de la solicitud
presentada son selectivos sobre el transportador SGLTZ2, y presenta los resultados donde
sobre un Unico compuesto (ejemplo 7), donde presenta una actividad de 0.011uM (11nM),
sin evidenciarse en los demas compuestos en su conjunto dicha actividad. Ademas los
valore no referencia el tipo de bicensayo utilizado en dicha actividad.

En el estudio de nivel inventivo arriba mencionado se reportan valores de 8.1nM para
compuestos donde el anillo es un fenilo, y al comparar con la sustitucién de tiofeno; éste
no supera los valores reportados en D4 por ejemplo.

En cumplimiento del articulo 45 de la Decision 486 de la Comisidén de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias contados
a partir de la fecha de notificacion de la presente comunicacion. En caso de no dar
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respuesta’ al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001,

ALIX CARMENZA CESPEDES DE VERGEL
Directora de Nuetvas Creaciones (C )
¢ 7

El anterior requerimiantg,_,gue notificado por fijacién en lista, de fecha
o WY g
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