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- RESPUESTA AL EXAMEN DE FONDO 

Yo, Luis Patiæo Leyva, identificado como aparece al pie de ml firma, 

atentamente me permito presentar respuesta al oficio No. 0669 notificado por 

fijaciÆn en lista del 23 de enero de 2009, estando dentro del tØrmino legal en los 

siguientes tØrminos: 

1. Claridad de la solicitud 

El oficio establece que en los ejemplos de Jo descripción no se encuentran 

sustentados todos los compuestos de las reivindicaciones, mÆs especificamente, 

se menciona el sustituyente Cyc2. 

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



radicoles de to mo/ecu/a de formula (I) o(II) son muy amp/los y que los corn puestos 

obtenidos tendrIan diferentes caracterIsticas qulmicas y biolOgicas. AdemÆs, 

considera que (a reivindfcaciOn 12 no se caracteriza correctamente y que Ia 

reivindicaciOn 17 es muy general y amp/ia. 

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 reivindicación 1 (anterior 6) presenta 

especIficamente los posibles radicales que si tienen sustento descriptivo. Esto es 

ya no se incluye el radical Cyc2 en los compuestos reivindicados. 

0 
As[ entonces, las abjeciones 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 cornpuestos de formula (I) tal y 

como Ic requirió el seæor examinador. 

2. Reivindicciciones relativas a un uso o a un segundo uso 

El nuevo pliego reivindicatorlo no recae en Østa categorla pues se han eliminado 

las reivindicaciones 13 a 16. 

3. Nivel inventivo 

Ese Despacho considera que la presente solicitud carece de nivel invenfivo frente 

a los documentos Dl (Reactions of per-Oacetylglucosyl isothiocyanae with 

carbon bases. A new method for the stereocontrolled syntheses of nucleosides 

and glucosylaminothiophenes) y D2 (Na+-glucose cotransporter inhibitors as 

antidiabetics. I. Synthesis and Pharmacological properties of 4’-dehydroxyphlorizin 

derivatives based on a new concept). 

El solicitante respetuosamente manifiesta su desacuerdo y considera que el 

documento Dl so refiere a mØtodos de preparación de glicósidos. Clnicamente 

se hace alusión al campo farmacØutico en la introducción de Dl en donde se 

dice que los nucleosidos y aminotiofenos son herramientas quimioterapØuticas 

interesantes en el tratamiento de varias enfermedades infecciosas 

"chematerapheutic tools in the treatment of various infectuous diseases."... y... 

sabre la sintesis de anÆlogos nucleosidos synthesis of nucleoside analogues" (ver 
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pÆgina 2517, introducción). Es claro que Dl no do ninguna indicaciOn dirigida a 

medicamentos antidiabØticos o inhibidores de trasportadores de glucosa (SGLT) y, 
por to tanto, una persona medianamente versada en la materia no partirIa de Dl 

para resolver el problema planteado par la presente solicitud: proveer nuevos 

compuestos con los cuales fuese posible prevenir y tratar la diabetes de tipo 1 y 

de tipo 2. 

En cuanto a los compuestos 30 y 31 de Dl (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 estÆ sustituido en todas las posiciones posibles, el cual no es el caso de los 

compuestos presentados en el nuevo capIfulo reivindicatorlo. Los sustituyentes 

R=CN y R=CO2Et quo se enseæan para los compuestos 30/31 de Dl junta con NI-12 

no son sustituyentes del tiofeno en la presente invención (R 1). Resalto que dichos 

sustituyentes constifuyen un elemento obligatorio en el mØtodo de preparación 

de Dl, ver esquemas 2 y 3 (paginas 2522 y 2523). AsI entonces, el documento Dl 

no enseæa ninguna alternafiva para los sustituyentes del tiofeno y en 

consecuencia Di no do indicaciôn alguna que Ileve a modificar los compuestos 

30/31 de tat manera que se Ilegue a los compuestos reivindicados. Las copias do 

los documentos Dl y D2 se adjuntan coma referenda. 

En la evaluación del nivel inventivo cabe resaltar que la pregunta a contestar es: 

"...si teniendo en cuenta el estado de la tØcnica en su conjunto existe alguna 

indicaciÆn que lieve a lo persona versada en la materia a modificar o adaptor el 

estado de la tØcnica mÆs cercano para resolver el problema fØcnico, de tat 

manera que Ilegue a un resultado quo estuviera incluido en el tenor do Ia (s) 

reivindicación (es)" 

En consecuencia, Dl no afecfa el nivel inventivo de la solicitud puesfo quo no 

indica a un tØcnico medio cÆmo modificar los sustituyentes que se enseæan en el 

estado de la tØcnica para Ilegar a los compuestos tat y coma se reivindican en la 

presente solicitud y que tienen un efecto importante en la inhibición do SGLT. 

En cuanto at documento D2, el examinador afirma que no se evidencia el efecfo 

superior e inesperado at realizar los reemplazos en comparación con los 

divutgados anteriormente. El solicitante considera que D2 no afecta el nivel 

inventivo pues, coma pasarØ a explicar, los compuestos do acuerdo con la 
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invención Si tienen un efecto superior e inesperado. 

El documento D2 enseæa derivados de phiorizina como inhibidores de SGLT 10 

cual estÆ comprendido en el mismo campo tØcnico de la presente invención. Sin 

embargo, resalto que del SGLT se tienen dos subformas importantes en el 

tratamiento de la diabetes que son el SGLT1 y el SGLT2. El SGLT1 esfÆ ubicado 

principalmente en el infestino delgado. La inhibición de SGLT1 reduce el 

consumo de azUcar en el infestino delgado. El SGLT2 se localiza principalmente 

en el riæón (Zhou et at, J. Cellular Biochem. 90: 339-346 (2003)). La inhibición de 

SGLT2 Ileva a la secreción de glucosa a travØs de la orina. 

La phlorizina es un inhibidor de SGLT1/2 no selectivo en comparación con el 

compuesto del ejemplo 7 de la presente invención como Se demuesfra por los 

siguientes valores de 1050 in Vitro y la figura comparativa anexa: 

Phiorizina Ejemplo 7 

SGLT1 0,27pM 26,3 .tM 

SGLT2 0,068 j.tM 0,011 jtM 

Se puede concluir, entonces, que los compuestos de la presente invención son 

inhibidores selectivos de SGLT2, mientras que D2 no hace alusiôn a  la 

discriminación SGLT1 /2. 

En consecuencia, para una persona versada en la materia tØcnica que parfa de 

las enseæanzas de D2, el problema a resolver serla proporcionar una alternativa 

para la inhibiciôn del transporfador sodio dependiente de la glucosa 2 para el 

trafamiento de la diabetes. Coma lo indicó el seæor examinador, los compuestos 

de D2 fienen diferenfes caracferIsticas estructurales y, teniendo Øsfe documento 

como el arte previa mÆs cercano, el fØcnico media en la materia no habria 

considerado los compuestos de Dl para utilizarlos en combinaciOn con D2 par las 

razones anteriormente expuestas con relación al diferente campo fØcnico y las 

diferencias estructurales. 

La posibilidad de reemplazar una o mÆs de las caracferIsficas estructurales a 

partir de la combinación de los documentos Dl y D2, es una opinion ’a 

posteriori", pues se estÆ hacienda un juicio conociendo el resulfado y esfe no es el 

concepto de nivel invenfivo. El examinador debe parfir del momento en que la 



invención no era conodda y establecer si las diferencias que resuelven el 

problema plant eado se indicaban a sugerlan en el campo tØcnico. 

Teniendo en cuenta los argument as expresados arriba, respetuosamerite solicito, 

se conceda el titulo de patente a la presente invenciÆn puesto que la misma 

cumple con los requisifos de los artIculos 28, 30, 14, 21 y 18 de la Decision 486. 

4 ANEXOS 

a Capitulo reivindicatorlo 
a Recibo de pago par modificaciones 

a Formulario para modificaciones 

� Copia de los documentos citados Dl y D2. 

� Figura comparativa 

Seæora Jefe, 

Luis Pafiæo Lv’a L 
j0.0. No. fl30.61 6 de BogotO 

T.P.A. N.2698 del C. Sup. de la Judicafura 
Calle 94A No, 7A -09 
TelØfonos: 6] 07420 

PATENIESJOR. PATI40/P20035/MEM0RIAL FONDO 
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Espcio reservado para el adhesivo de radicación 

Industria 
y 

Comerci  o 
S ..ERIN TEND EN C I A 

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES 

SOLICITtJD DE: 

0 Corrección do Errror Material ModfficaciOn a una solicitud 

Nombre. SANOFI-AVENTIS DEUTSCHLAND IDENTIFICACION 
SOLICITANTO GMH 

Dirección: Frankfurt  65925 C C fl NIT 
Alemania 

Nacionalidad o Dornicilio: rrarikfirt Alemania CE. Otro fl 
Lugar do ConstituciOn: Aleniania Cual 

NCnm-ro TelØfono: Fax: 
E-mail: 

Nombre: LUIS PATIJO LEYVA IDENTIFICACION 
REPRESENTANTE 
0 APODERADO DirecciOn: Calle 94A No. 7A-09 C.C. NIT 0 

TelØfono: 610 74 20 Fax: 610 07 06 C.E. 0 Otro 0 
E-mail: info()-castellanosyco.com Cual 

NCimero 2.930.616 TPA 2698 

NUniero do Expediento: 

05.000.562 

DescripciOn do la correcciOn o rnodificación  solicitada: 

Presento nuevo pliego reivindicatoric al cuI solicito se otorgue el privilegto de patentfi. 

Coniprobantede pago No. 09-27,952 Fecha 14/04/2009 

Anexos: 

Comprobante de pago de la tasa. 

Poderes Si fuere el caso, junto con la sustituciOn de los mismos a mi favor. 

ElDocumento que acredita la existencia 
y representaciOn legal do las partes, cuando sean personas juridicas 

Nuevo capitulo reivindicatorio 

0 
NOBRE LUIS PATIO LEIVA FIRMA___________________________ 

CC 2 930616 de BogotA TPA 26913 CSJ 

Instrucciones para el diligenciamiento del presente formulario, ver reverso de esta pÆgina - LPL1zcA- 20035 
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REIVINDICACIONES MODIFICADAS 

1. Un compuesto de fórmuJa I 

Un 

HO 

HO 

RAI

 I 

o’\\4ys  

OH R2 

RI es hidrógeno, CF3, alquilo(C1-C4), fenilo, 

R2 es hidrOgeno, 

Cyc2 
R4 

A es -CH2-, -C2H4-, -C3H6-, -CH(OH)-, -(C0)-, -CH=CH-, -CHCH-CH2-, 

-CO-CH2-CH2- o bien -CO-NH-CH2-; 

n es el nUmero 2 ó 3: 

Cyci es fenhlo o tieriilo; 

R3, R4, R5 son hidrOgeno, F, Cl, I, NO2, OH, CN, alquilo(C1-C6), alcoxi(C1-C8), 0-

CH2-fenilo, OCF3, S-CH3, COOH, o bien 

R3 y R4 son corijuntamente -CH=CHO-, -0-(CH2)O- con p = 1 O 2, -0-CF2-0-, 

-CH=CH-CH=CH-, y 

R5 es hidrógeno, 

y sus sales farmacØuticamente aceptables. 

2. Un compuesto de formula I segün  la reivindicaciOn 1 en el cual A estÆ unido al 

anillo detienilo en la posiciOn 2. 

3. Un compuesto de fOrmula I següri las reivindicaciOn I, en el cual 

A es -OH2-, o bien -CH2-CH2-. 



4. Un compuesto de formula I segün (as reivindicaciones 1 o 2, en el cual 

Cyci es fenilo. 

5. Un compuesto de formula I segUn (as reivindicaciones I a 4, en el cual 

Cyci as tienilo. 

6. Un compuesto de fOrmula I segün las reivindicaciones I a 5, en el cual 

Cyci estÆ monosustituido. 

7. Un medicamento que contiene uno o mâs de los compuestos segün una o mâs 
de (as reivindicaciones I a 6, 
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Inhibition of recombinant human SGLT2 (SLC5A2) 
Comparison with phIorizn 

swaFiciventiS 
27 
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Chrn, ?harm. Bv1L 44(6) 1174-1180 (1996) ’Vol-, No, 6 

Na"  -Glucose Cotransporter Iflhibitors as Antkliabetics. L 
Synthesis and Pharmacological Properties of 4’-Dehydroxyphlorizin 
T)ervatives Based on a New Concept 

,i TSUtARA,’< Mitsuya 14ONGU, Kunio SA1TO Masartori INMYIASU, Kenji AKwA, 

A tu a C).Ku, and Mamoru MATSUMOTO 

/.nd Qpirizoion

 

Research Laboratory, Tanabe Siyaku Co_ Ltd., 2-2-5a Knwczgi-shi, Tc’a"z-sht Sxma 335, Japan. 
Oc1:oht 95; accepted February 5, 16 

on our new concept that inhibitors of the Na Iceose cotrapsporte,r(SGIJI) would be useful as 
autidiahetics? 4’-dehydroxyphhelzin derivatives la-’4 were desigied a theaied, and evaniffied for various 
plieruacological properties related to aittidiabetie activity. In normul rats, 1ee and phlorizIn showed a strung 

SGLT-inldbitory eIc’ct and significantly increased urinary glucose on intrapetitoneal administration at 100191k& 
though oniy in reSulteil in xeretion of large quantities of urinary glucose ou oral adutloistration at IO0ng/k. 
(o.ipcuuds la, C, and phli-iin xn rl<edly inhibited g)ucose uptake In the smell intestine during exeric perfusion In 
noresal rats. Compound jii had a significant reducing effect on blood glucose In the glucose tolerance test in mice 
when adnænistered orally and stco lowered blood glucose in reptozotocin-induced diabetic rats. The aglycons 2a, C 

of la, e, and Li shed weak inhibitury effects on the f4Utated glucose tranprter-1 (GLUT-1) in hwiiafl 
erytkrocytcs, while phioretia had a strong inhibitory etfect on GLUT-1. Compound Ia caused no nppirent renal 
dsnage in rats when administered orally at I gjkg for 4 suceessivC weelts. Thus, la was considered to be a promising 
candidate as a lead compound for atidiabetics of a ROW type, and was selected for further pharmacological avaluadon. 

Key weid amtidiabeiic; lucosa cotrazsportm inhibitor; pli1orizln 4’-dclO/droxylcrizin 

I ’he incidence of diabetes mrllirus, especially non-
sulin-dependent diabetes mellitus (NIODM), has been 

re;’rsing
 

markedly in the developed countries- One of 
thc main masons for this phenomenon is thought to be 
excess energy intake due to hyperphagia. Therefore, 
niti-obesity drugs such as appetite suppressants,5 ab-
..orpton inhibitors, and thermogenic stimulators’) have 

developud as anti diabetics. Blood glucose produces 
To us glycated proteins in tissues non-ensyrnatically, and 

A die state of hyperglycemia, these glycated proteins give 
to the diabetes co1)1p1ica1i0s.45 Therefore, a category 

In ig that would enable patients to escape from the state 
ot chronic hyperglycemia is expected to be useful for the 
pi op1 iylaxis or treatment of diabetes. We have hypothe-
sized that inhibitors of the Na-glucose coiransporter 
(GLT) would be suitable for this purpose. SOLT, which 
idsts on the chorionic membrane of the intestine and 
die kichicy, actively transports glucose by coupling with 

Pulorizin was reported to be a selective inhibitor of 
SI13LT,7 but there hzs been no attempt to use phiorizin 
as an antidiabetic. We considered that compounds with 
an inhibitory effect on SGLT might be able not only to 
inhibit glucose uptake at the intestine, but also tO stimulate 

HO 0 

HO 

HQ 
OH 

Phiorizin 

Ic a’hceu cot poittue shonid bc addrd, 

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

in this paper, we describe the design of SGLT inhibitor 
as candidate antidiabetic drugs. 4’-Dthydroxyphlorizin 
derivatives were synthesized and their pharmacological 
properties, such as SGLT4nI’tibithry effect, promotion 

of urinary glucose excretion, blood glucose reduction, 

inhibition of glucose uptake in the small intestine, etc., 

were examined in normal and diabetic rats and notmal 
mice. 

Drug Design Phlorizin was found in the last century 

and studied as a promoter of nrinary glucose excretion. 
It is an inhibitor of SOLT, preventing renal tubular glucose 
reabsorption and promoting excretion of glucose, so that 
the blood glucose level is controlled,’) Based on this action 
of phiorizin, it has been used as a blood glucose-lowering 
reagent to verify the glucose toxicity theory. Namely, 
when the blood glucose level in diabetic animals is con-
trolled to a riorintJ level for a long poriod by subcutaneous 
daily adndnistr-ation of phloriziri without using insulin, 
the condition of the animals is normalized. 

E’hlotizin, however, is considered to have little effect 
when administered orally, because it is hydrolyzed into 

H20 HO   

- 9kccuidaae I A 
HO O OW 

Phioretin 

Chart I 

1996 I’bannaceutiri Society at Japan 

esz-zlec-eronrc tihay 5ervicc 
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Thcose and phiorecizi, the aglycon of phlorithi, by - 

.;osidase in the intestine, Moreover, phloretin inhibits 
hciiitxted glucose transporters (GLUT) very strong-

So, when phioretin is intravenously administered to 

the glucose concentration in the rat brain is decreased 
iptly. 0) Long-term inhibition of GLUT by phloretin ntsy inditce injuries in various organs, because GLUT is distributed 151 almost all tissues. Therefore, to use a phiorizin derivative as an anti-iabcticx, it must meet the following criteria- (1) it must ibiS SGLT selectively, reversibly and strongly. (ii) It ujisce urinary excretion of glucose when admits-.:ci oraby. (iii) It must lower high blood glucose levels -.Lcn administered orally. (iv) Its aglycon produced by bydro1yls must not inhibit GLUT. (v) It rrtn5t have low toxicity, especially to the lddney. Phlod2ixs itself meets only criterion 1. Concerning phiorizin derivatives, it has been teported5 that, the Y-OH group on the B ring is not essential for SOLT o.hibition and. the 4-OH group on the A ring is o :Thangeahle for other groups. ased on the itudy of lot-etin, the four hydrcxy groups on the A azdB rings essenlial to inhibit 

GLUT in human erythrocytes, H tddition, Hase at oL reported that phiorizin strongly inhibited the Na’, K’1’-activated ATPase and the 4’-OH rtoup on the B ring was important for this activity. Therefore, the 4-OH group on the B ring may be cponsible for the toxicity. Based on these findings, we mnI 4’-dehydroxyphlori7-in derivatives la--f as 

candidate SLT inhibitors-

1175 

Chemistry 
The synthesis of la�f was carded out as shown in Chart 

2. Diedrich"3 reported that the reaction of acetopherione 
3 with acetylated bromQg1ucQsc 4 in aqueous acetone 
containing KOH gave the Slycoside 5 in 

321/n 

yield. 
Although we tried this method tinder modified conditions, 
the yield of S did not exceed. 38% and the pnrifIcatiol’i was 
very difficult. After several attempts Dicic’s method was 
found to be uitab1e for this glycosylatioA in 9eatlY 
superior yield. Thus, 3 and 4 (2 eq mo) were reacted with 
CdCO3 (4eq mol) as a base in refiuxing toluene with 
removal of generated water to afford the desired S in 71 % 
yield and the diglycoside 6 as a by-product in % yield 
According to Winget’s prooedure.mn the glycoside 5 was 
condensed with the aldehyde 7 (1.2 eq tuol) in a mixture 
of 50% aqueous KOH solution and ErOH at room tem-
perature to provide the chalcone Sa as yellow needles in 
74%, yield, and this was converted Into the dihytho-
chalcone in by catalytic hydrogenation over 10% Pd on 
carbon in EtOH in O% yield (2 steps, 67% yield). Con-
veniently, catalytic hydrogenation of the alkaline reaction 
mixture containing crude 8a was found to proceed 
smoothly (2 steps, 78% yield). Therefor; il,�f were 
prepared similarly by condense-lion of S with 7b---f 
followed by catalytic hydrogenation without isolation of 
8b�f. On the other hasxct the aglycoas 2a e of A a, o, which 
exhibited potent SOLT-inhibitory activity, were ptpared 

00 

HOO AcO 

-10 O AtO-i 

/\ 
CO 

,

 

0lb- 01 AcO 

OH AO’01 Toluene AcO ) QAC 

OAc MO1 

4 AcO 
QAC 

OAc 

5 6 

cHo 

H 0 1 0 

5 
Th-f  

[ 
ji3x’ j H2 

5O%KOaq I Pd - C HQ I 

I 
tOH 

11 Mo Hdi 
OH 

OH[

 8a -t la -f 

7,$I  

34 b 314 OM 

5,4 OMI ,4. 

,4,5. (OM)- 4 j 
4$-

:. 

Chart 2 

tI2�ictrOfl3 Lis’ 
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Vel. 44, o. 6 

Eno C nO 0H 

KCO 50%KOHa 

DMF ETCH EJOH 

9 tOa. X4-OMe 

lOc, X4-OSri 

HO 0 

2a, )(.OMe 

2e, X=4 -OH 

Chart 3 

SaLT aaivit n mol /(TI p01nn 0.0 1.0 2.0 

Control 7 0) 

1. Eftoet at 4’-D hy oxyphierlarn Derivatives on Rat Kithiy 

SGLT Aetivity 

as shown in Chart 3. When the condensations of 3 with 
akhhydes were performed in aqueous EtOR containing 
1-,.014, none of tht desired chaleone was obtained and 3 
was decomposed. However, 9, the c1ibensl ether of 3, was 
condensed with 7a or 7e in an aqueous KOH solution and 

.tO1-1 to give  t1u, chalcone lOa (4%) or joe (910/n), 
respectively They were then hydrogenated to provide the 
cflhydxochalcoaes Zn (8/) and 2e 

(8211/a), 

repetiveIy. 

Fliological Results and Discussion 
Using rat renal brush border membrane vesicles 

(k14’V), the inhibitory effects of the 4’-dehydroxy-
pillOri7cn derivatives ja--f on SOLT were studied, and 
the cisu Its are s1lown in Fig. 1, Compounds In (4-OMe 
derivative) and It (4-OH derivative) showed the most 
potent inhibitory efiŁcrs (around 90% inhibition), corn-
parable to that of phlorizin. Compounds Ic (2,4-(OMe)2 
derivative) and If (3,4-(OH)3 derivative) produced about 
70Pi> inhibitiofl. Compound lb (3,4(OMe)2 derivative) 

Table I. uffect a DehydroXypltIOilZIn Dexivaii’e.s Oil XJnnary 
coal Eicrtton in Rats 

-. .......... 
-r---Urinary

 5InCOSn (eiS/24 11) 

Compound 
lOntg/l, i.p. 100 rnt/1<a1, pa. 

Cztrl 3 3 L 

?borizin 320–25 iI 6 

204– 5 350*52 

lb ’7–2 
10 5–0 3–1 

Id 3–0 
Se 329– 1 60– 9 

St 4314 2– 1 

Saab vaju6 paptten(S the rneati–S.- (zs) 

showed about 50% inhibition and id 3,4,5-(OMc’)3 

derivative was less potent. Therefore, it became clear that 

the substituent grOUPS on the B-ring contributed to the 

inhibitory effect. Next the effect of these derivatives on urinary glucose eunretion was investigated. Normal rats were gi’ven the compounds orally or intraperitonsahy and glucose in urine collected for 24 Ii was measured. The results are shown in Table 1. When even intrapesitoneafly at 10 mu/kg, I a, e and phlori2in induced marked urinary excretion of glucose, while. If showed a weak effect, and lb�d were ioactivr, The effects of these derivatives on urinary glucose eccteticn correlate with the SGLT-ithibitory activities, except in the case of ic. This result strovly suggests that or udiry glucose excretion IS induced by the inhibition of SGLT hi the kidney. On the other 

band, when the compounds were given orally at 100 mgfkg, ph’loriin had little effect on urinary glucose level. This is reasonable, because phloniatn is hydrolyzed to glucose and phioretin by -$ucosldas in the small Intestine. However, in markedly increased urinary glucose and hence Ia was considered to he more stable to fl-glucosidase than phloritin. Compound le also moderately induced urinary glucose excretion, bat the polyubstituted compounds Th---, l had no effect. The inhibitory effects of those derivatives oil glucose uptake in the small intestine were studied using an enteric perfusion technique in normal rats. The results are shown in Table 2. Conipounds la,e had strong activities equivalent to that of phiorizin, and Ic,f were less active, tiIInleci6iiQili’; L$rory 5eavao 04/07/2009 MAR 11:05 1# TX/RX 80051 Z 009 
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9ab1 7. Inhibitory 55ceEs of 4’Dehydroh1o4ziT1 ttvativas on 

9Jtke itT,-at Small himatine 

.-.- -.. . 

Cocpound thlibitiori (%) 

Chrizirl 6 L 
Lk 5O.–5.6 
lb 16-1–64 

4236’ 
Id 
te 64.s–4-1’ 
If 39.7–1.7 

R FtP(C,.PTS 0 S,E. ap<OlLc, ’.p<0.01 va.00nt,-OI. 

Ti (1,) 

7. Effect of 4’-DehydroxyphlorkSn Derivatives on Glucose 
flI 

0 eh nnp1c "P52 dni,itc-r00 wifficdkiuly bo,s a subeutAneaus loaduf5lucceat 
/k) Point and bSre rrprcscrn cbs maaoa and Sa çn6. Q, cnrnrh , IA 

03 fllgJ9S, po.); LI. 5d (I00niJkg, p.o-) A, phlorhia (IOzsIJk, i.p). dloifi-
L(y iff(,’ienc feom COntrol (-p<0-05, .p -c0.0)). 

These results showed a good correlation to SGLT-iuh.ibi-
wry activity in the kidney and also to urinary glucose 
oxcretiou after intraperitoneal administration, except in 
:hc case of IC. 

’eot, the effects of Ia, U on glucose tolerance in mice 
examined and the results are shown in Fig. 2, 

hloriAri, the positive control, strongly lowered the blood 
noose level at 30mg/kg on iritraperItoneal adntinistra-

tiou On the other hand, la. which markedly induced 
urinary excretion of glucose, lowered the blood glucose 
level to a normal level on oral adwrnistratson at 100 mg/kg. 
Compound hi, which had no effect on urinary glucose, 

iowcd 110 effect. These results suggest that la lowered 
of ccl glucose level through enhancing urinary glucose 
cvcr000n. Next, the effect of la on the blood glucose 
concentration in streptozotocin (STZ)-induced diabetic 
ats was examined, The results are shown its Pig. I The 

oral administration of la at 100mg/kg lowered blood 
glucose to about 100 mgJdl 30min after administration, 
and the effect lasted at least 2 Ii its STZ-induced diabetic 

The inhibitory effects of 2a, e and phlorethi aglycons 
Ls, c aid pLdorizin, and in itself can GLUT-i in human 

r.iytln-ocytes were 
also studied. As shown 

in 

Fig. 4, 2a,e 
cr(d la itself had only a weak GLUT-1-inhibitory effect hut phioretixi inhibited GLUT-i very strongly. Rosenberg 

NR. 661 9 10 

1177 

Time (h) 

Fig- 3. Effeet of CompoODd Ia on Blood Glucosn Level in Strrpw-
zotonduce iabetio kats 

Poiatt and bUrt repreat Ehc mc and $.E (,-5). O, coneoI �,  IX (100 

m/loi, p.o.). SignifiunCy ditfereet from conu-ol (p <0.01) -

0. V 0 20 4Q 50 TimS (a) Fig. 4. Ei’fCct of ?hloreth axd A1ycons on G1uç Trars5o(-t in Erytlsrocytes 0, notIttol; .C, ptilotstto (tOJIM); LI, Za (10;4m); A, 2e (10 (Sc), 19, la (50 and Wilbrandt9°) reported that the four lsydroxy groups 

of Phioretin were necessary to inhibit the glucose franc -

porter in human erythrocytes the activity was reduced markedly when even one of lout hydrony groups was methylated. Thetefore, it is reasonable that. 2a and 2e, as 4’-dehydroxypbloretin derivatives, had only weak cc-tivities, It must be considered that these compounds, as in-hibitors of SGLT on the renal tubule, might induce kidney damage.. Phiorizin has been reported to induce kid-ney injury ’,a) though no details were givers. Recently, Gouvea1 studied the effect of phiorizin on gerstarnicin-induced renal damage and reported that phiorizln induced marked excretion of urinary glucose, but showed no adverse influence on renal function or morphology in rats when subcutaneously administered at massive doses for 15 successive days. In our study, la produced no sign of renal damage when administered orally at 1 g/kg ibi 4 successive weeks in rats (data not showtt). The inhibitory effect of phiorizin on SGLT has been reported to be reversibly antagonistic with respect to glucose.’) Com-pounds that antagonistically and reversibly inhibit SGLT ttiI�rlactrciiic jfter- Service 04/07/2009 MAR 11:05 # TX/RX 86051 Vj010 
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r thus tas’e no adverse effects on the kidney 

in con6u5ion, la inhibited gbacost uptake in the sniall 
niestirie and glucose reuptake in the kidney through 

hiliIbit0fl of SOLT on these organs when administered 

orally, so that la was able to lower high blood glucose 

levels in itortiial mice and STZ-iiidnoed diabetic rats 

rec:tiy without mediation of its action by insulin. It did 

not induce either hypoglycemia or toxic signs, hseluting 

:onal clnm-agc in rats, and the GLUT- t -inhibitory effects 

:r:L tie a1ycon 2a and lie itself were very weak. Therefore, 

1 i seems to meet the five criteria for SGLT inhibitors to 

be usable as antidiabeties (see Drug Design ection) 
Compo u.iid 1 a is considered to be a suitable laad compound 

for new-type antidjabetIcs-, and has been selected for 

turthe4 pitanuaco logical eva-luatiOl1 

tt n1cin. ionts wXn determinad on a P,iicbi 535 dig1t1 melting 
?,101 pparstus and are uriencrected, Infrared (IR) speeLa were taken 

:i. H tach 1k-I1 S or an Anialrzt PX-6200 FT-JR apcctrophotometer, 
’O-NMR ipectra were recorded 00 a Hitachi R.’90K or a JEOL 
JM-1X200 spectronicler. Mass spectre were recorded on a Ritaahi 
RMTJ-6 nra IJiOL JMS.TJXIOO ole-es speCtromctcr. MicroanAlycee were 

wimcd cC a J’eekm-E.honr 2400 C, 3-I, N analyzet. 
2’,6’-Dihydrosiyaceto1ihenoe -O-(,3,4,6-O-Tetraeietyl-fl--ia-hsco 

(5) A mixture of 2,6’-di droye-cssopl1enQne 3 (50, 
0 .15 mel) and CdCO (227g, 1.32 mel) in toluene (41) was refluxod for 

1  with ramov1 of the gennrakd water in a Dean-Stark apparehec 
�rhn ace tot, nirnoglucoac 4 (270E, 0.66 tool) was added and the who1 

hecl5d at roflux for 18 ii. The hot mixture was filtered through a 
el (elite and the ilad was washed with hoe CHCi The treie 

o:d the washing were combined and evaporated. The result-wit residue 
was tr Orated in MaOI-1 to provide a pale yellow solid, which was 
sulcted to colnn chromatography to afford 5 (03g, 71%) from thc 
brat eluate and the dilyeesi4e d (II g, 1%) from the second elute. 
Compound S colorless needles, mp 200.5-101.5’C (1it. top 

:131-203 ’C ’a (Nujol): 1760, 1740, 1630 mtT’, H-NMR (DMS0-d5) 
196 (315, a), 201 (6H, a). 202 (334, s), 2,35 (314, s). 4.05-430 (SH, 

n), 4.99 (IH, dd, J8.9, 9.534a), 5.05 (IM, dd, 1=6.0, 977-la), 5.41 
2-1. 1, .7.. 961-fe), 355 (114, d, 1= Sd Hz), 6.61 (133, C, J83 Hz), 6.63 
I, d’’/_ 83 Hz), 7.26 (10-3, t, 1=6.514z), 10.81 (OH, s), AB-MS rn/z: 

lii (M4-1-IY- Compound 6: coloaless needlos, nip 18 -189.SC JR 
tNuiot): 1750, 1740, 1710cm’. 114-NMR DMSOdC) d 1.96 (6H, a). 
200 (61-0, a), 2-01 (614, s) 202 (SH, a), 221 (3H, t), 4.08 (21-1, m), 4.22 
(491, m), 4.99 (413, to), 39 (213, t, J=9.6Hz), 5.53 (2H, 3, J8.l Hz), 
690 (211, d, /=85Hz.), 7.48 (113, s, .f=8.SHz) FAn-MS znjz: 835 
(vi +Na). 

2’6’-Diiaydry-4nethervrbakoue 2’-O-flD-C1ucopyrinosid(6a) A 
selucion of KOH (log) in 13a0 (joint) seas added to a Su&pCSlSiOfl of 5 

9Qrnrcol) in tOH (100 naIl an4 t.he mixture was stirred at room 
trnipnra(ure for lOmita. Then p-anit1dehy& 7 (3.27e, I4nirtiol) was 
i:tcicd and the whole was stirred at room teanperasuce fr igli. The 
Icnlctiofl mixture was acidified with 10% SIC1 to pH 5 under ice-cooling. 

he, rctu)tiog yellow ijccflct were collected by filtration, washed with 

’eater and then EtO, and dried to Ove, 8a (5.36g, 74%), mp 
.4fthC (j5J mp around 129C). III. (Ntijol): 3540, 3460, 3320, 3140, 
1630rtC1. 184-NMR (DMSO_dt) 3,10-8,4-0 (47-1, TA), 3.47 (114, re), 
3.69 (I H, 4d4, 1=1.7, 5.3, 11,5Hz), 3.61 (3H, a), 4.59 (1H, t, J’5.7 Hz), 
503 (11-1, 4, J-6,9 lIz), 3.04 (13-1, d, J= 5.5Hz). 5.06 (IH, 4, f= 3284z), 
509 111-1,4, /=5.3Hz), 6,59 (I H, d. J 8.31z), 6.72 (IH, 4, J 8.1 Hz), 
5.95 121-3 4, 18lHz), 729 084, t, J=’LSHz), 7.40 (111, 4, .1=13,9 
lId, 247 (11-1, 4, J1601-1z), 7.71 214, ci, J=5.SMz, I1-02 (118, t). 
i’:595i:ciS rn/c; 433 (M +H)’. 

I’,6’-Du1fl4ro’-4-nthosy4ibydrchalC0e 2-O-P-p-GIueopyr2noeide 
(Au) A solution of Sa (7.30g, 16-90nimol) in EtOFI (ISOrnI) was 
fedrogenated over 10% PA-IC’ (2.00g) aiide H (l aim) at room 
temperature for I J The catalyst was removed by filtration and the 
filtrate was cocentrat,in to dryness. The sesidue was crystallized from 
EtOH-14.10 to give la (6,57g. 90%) as pClc yellow necdle, nip 
105-007 C (tit nip 106--108 ’0, IP. (Nujol); 3440, 3400. 3240, 
32Oens, ’13-NMk(DMsO-d6): 2.84(213., 4mf=1.318i), 119-3.d9 
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71j, ml, 3.70 (113, tn) 3,71 (314, a), 456 (113, t, 2541,1z), 4291 (113, 

d, J 7.3 lIz), 5.03 (114, ci, /=4.91-iz), 5.10 (113, 4, J=4,4 3-la), 5.22 (iH, 

d, 1=4.9Hz), 645 (1-H, 4,1=6.3Hz), 6.67 (184, d, J 81Hz), (flI (213 

4, 1=8.83-la), 7.17 (213. ci, 1=8814z), 7.24 (184, t, .t-=SlHz), 1099 

(113, a). FAn-MS rn/n 43$ (M+18)t Anal- Calcd for C251-855O9’ 

1/4135O C, 60.20; H, 6.08 Found: ’C, 60.36; 14. 6,14. 
Synthcis of 7-a Without IsoLatSon of Sa 8 (3.31g. (fSCmmol) was 

condensed with Sz (1.12 g, 8.23 mosol) by the sates preccdua’e as described 

for the synthetic of Be. The reaction mixture containing Ba was diluted 

with water and wathed with tc,luttis to remove ei.eess 7s- The aqueous 

lay"- was hydxenateel over 10% Pd-C (0,l5g) at room remper-eture 

for lb. The catalyst was removed by filtration and the filtrate v.’s 

neutralized with 10% 7-ICI and ctracted with QEt_ The oteanic lacr 

was washed with water and dried over MgSO. The solvcqt was remnvtsl 
and the residue was cryttallized from .tOH-H50 to gave Ia (2.31 g, 
78%), which W55 identical with the sample obtained as described above. 

Compounds Th�f were prepared in the earns manner as described 
above-

1k Yield 51 5/, as pale yellow needlat, nip  

(Ntijol); 3560, 3490, 3460, 1620crn’. tH-1l-OMR (DMSQ-d) ’3: 2_84 (215, 

c, 1=76Hz), 3.10-3.55 (714, m), 3.-70 (311, s), 3-78 (113, us), 3,73 (311, 

e),4.56 (iH,t, J=.6 Hz), 492(113, d,J= 6.1 13z), .5.03 (184, 6, J=-4.9 Hz), 

5.09 (IM, ci, ,T.44 1-ti), 522 (ILl, 4, J=49 ui), 6,55(133,4,1=. 8.3 Hz), 
63 (IFI, 4, J’8.384’z), 6.74 (IlL dd, 1=2.0, 8.311z), 6.78 (184, d, 

/=8.3Hz), 6,84(111,4,1=7-0844,7.25(113,1, /"83Hz), ILO6 (184, 
a). FAD-MS Sn/Z 465 (M+l3)t Aaal. Caled for C1JasO,; C, 39,45; 

13, 6.08. Found, C, 59.44; H, 6.17. 
Xc; Yield 69% as pale yellow necd1, nip 86-89’C (Ac011t-fao’PrO) 

1R (Nujol): 3400, 16BQcnf’1, 5HNMR (DMSO’4,) c; 2.7.6 (214, t, 

J7,3 Hz), 3,10-3.55 (784, in), 5-70 (111, Os), 372 (51-I, a), 3.76 (313, a), 

4.55(IH, t, 3=5.613z), 4.91 (18-8, d, J"ilHz), 502(115,4. f 4.9Hz), 
5.08 (88-0, d, 1=3.9Hz), 512(1H. 4, /=4-91-la), 641 (114, 44, 1=2.0, 

MHz). 6.50 (IH, 4, 3=2.0Hz), 6.55 (113, d, .1=81Hz), 667 (125, d, 

J-9,3 Hz), 7,06 (II, ci, 1=7.8Hz), 7.24 OK 5, J= L3 1-l4 11.01 (11-1, 

S). FAg-MS rn/a: 465 (M -t.H). Anal. Cticd for C,31315010 - 1/2HO; 
C, 58.35; 13, 6.17. Found: C, 58.56; 1-2, LU. 

Id; Yield 54% as a whitepcwder, nip l36.5�.139 5C (t5O). IF, (3$uJol): 

3420 16300iss"1. 11-1-NMR (DMSO-d) 5: 2-81 (284, t, 1=7,1H7), 
3..l0-3.55 (713. in), 3.70 (114 in), 373 (318, a), 3,7 (314, a), 5.77 (384, 

s).4.54(114,t,J=5.6z),491O.H,d,.T=6.8Hz),502(If3,d,J’i.9 tIe), 
5.08(133,4,1=3.9114 514(113, d,J=4.9tA4, 6,5(114.d, J= ’LS Hz), 
6.66(11-1, ci. 1=2.4Hz), 6.70(114.4, 1=2,9 Hz), 6.90(113,4, 1=3.31-3-a), 
7294(113, t, J-8.3 Hz), 10.94 (184, a). FA-8-MS m/g: 495 (M –1A) - 
Caled for Cas1150011’ C, 58.29; 14, 6d2, Found; C, 51292; H, 6-11. 

It: Yield 62% as pale yellow needles, mp 133--135’C (ntOH-1350) 
(l11,mn nap 134-136’C). JR (Nujol): 3520, 3400, 1620 c,m’, 
(DM3045) 6: 2-78 (21-8, t,J.7.6Uz), 3.20 (21-1, ii J=’1,6 Hz), 310-3.55 
(514, in), 3.70 (184, dd, J=46, 13.0131), 4.56 (138, C, /=56’Hz), 491 
(184, 4,1=6.8Hz), 5.03 (184,4, 1=49Hz), 5.09 (11-1, 4, 13.9 Hz), 1022. 
(114,4,/=4.9 liz), 6.54 (133,4, .1 1 1-Ia), 6.64(213, ci, J=60 1-ia), 6.67 
(113, d, 18.3 Hz), 7.03 (214, ci, /= LI Hz), 7,24 (11-T, t, 1=81 1-Az), 439 
084, br), 11.00 (184, br). FAn-MS rn/a: 421 (M+H)’. Anal. t2alcd for 
C5514240,1/2l-IO: C, 38.74; H, 517, Found: C, 58,93; H, 5.37, 

If: Y1Id 52% xi a pale yellow powder, mp 78�SO ’C (AcOEt-iio-. 
Pr50). 3, (Nujnl): 3380, 1630 ciss’. 113 74R(D)4$O--d,) 6: 272. (21-5, 
5,1=76Hz), 3-30-3,55 (713, in), 3.70(114,4, 1=11.7Hz), 4513 (115, Cr), 
4.90(133, d, 1=7.5 Hz). 4.80-5.40(313, Ia). 6,45.�&62. (413, m), 6.67 (11-1, 
d. J"8-313z), 7.24 (184. t, 1=6.3Hz), Led (233, be), 11.02 (114, br). 
FAB-MS ot/s; 437 (M+H’. Anal. CalM for (2e,HasO’l/4H;O: C. 
572t II, $.60. Found: C, 57.38; 13, 5.90. 
2’,6’-Thien’loatyacctophns (9) A olixture of 3 (15.22g. 100 

nirnol), benzyl brcmi4e (69,42 S, 400rnraot) and 8(2C05 (131-8. 1 mel) 
in ,N-dbnethy1formaniide(OMF) (300 n1) was stirred sOlO "C for 2.5.h-
The

.5 
OnThe mixture was filtered and the filtrate was evaporated in secuc. The 

residue was dissolved in Ae0t, and the solution wasu washed with water 
and brine, dried, and evaporated In vacuo. The residue was crystallized 
front toluece-’heawee to afford 9 (29,63 X, 1-9%) as colorless needles, rnp 
6$.5-70"C- JR Nujol): 1700cm’, ’H-NMR (CDCI1) I; 2.49 (3110 
5.08 (411, a), 6.59 (213, 46,1=0.4, 8.3132), 733 (1111, so). MS 01/5: 332 
(M )-

2’,6’_enzylos..msthoxycbalcoce (lOx) A nilature ol’ 9 (3.32g, 
l0minol),7a (1-63g, l2mmol), 50% aueoiia KOIS (Sml) and atoll 
(50 nil) was stirred at room tenAperanire for Ih. The roixeurn was 

evaporated and &ltxrerl with water, ’The precipitated solid was cthmt.;tad 

uaz’-zlectzoaiau L2traev 3-e-rs’dec 

04/07/2009 MAR 11:0 E# TX/RX 86051 j018 
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utc 

l 611,-anon, washed with waler, dried, and recry3tallimA from EtOR-
o give ) (4.26 g, 941/6) as yellow cryst.l. nip I20-121 C. JR 

’H-NMR (cOd3) 6:3.92 (MT, s), 5.08 (411, s), 6.61 
t3, J.-IAHz), 6.7S-.-7.48 (1715, os) MS m/Z: 450 (Me) 
4 6’-Tribuzyk’yehCleone (be)

 
He was prepared by the condenta-

9 (7.o2., 60trtm1) with 7e (1-55g, 7.30rnrnol) in the same 
an deScribed for the synthesis of lOa. yellow crvt&l (2.19, 

reor1st.zfhzed fTc,Ie ,"osOEi-Et_O), nip 122-125 "C, U- (Nujol): 
67cm’’ ’H-7’!MR (CDCI3) d 5.07 (40, e), 5418 (20, a), 6.6 (20, 

6.68 (fl-I, 6, J16.00z), 6.95 (20, 6, J9.0Hz), 
.I2-.7.47 (191-i, m) Af3.MS nil;: 527  

6’Diydr.v-4-ieJiozydibydroc31a1cuslIe A solution of IN 
(4 36g. 7.32 

mmd) 

in ELOFI (50 ml) andAcEt (50m1) was hydrogenated 
(Vt 10% Fd (&.83g) under H,, (1 atm) at room tenlperatlsre for 3h. 

wan removed by filtration ar5 the filtrate was evaporated 
The residue was ervstHized from toiuene-lscxane to give Za 

0, S%) an pale >’ollow prisms, nip 1-131.C- IR(Nujol): 3260, 
r0unT’. ’l-I-NMK (t20C15) 6: 2.97 (20, t, .T7.6FXz), 5.43 2H, r, 

7 dHz, 3.79 (lId, s), 6-38 (2H, d, J=8.30z), 6.8.3(20, ddd,J2.0, 
:67, 66 Hz), 7.16 (2-i. dd, 1=2.4, 830z, 7.72 (1H, t. 18.30z, 9.51 
(213, 6. MS m/n 272 (M). Anal- Calcd for C, 70,58; H, 
5.02, Found: C, 70.51; 0, 5.81 

214,6’-Thy6roxydihydroca3cone (ZO) A solution of lOa (287g. 
5.’u6 iimol) in Teltallydrofurall (TO?) (50 ml) ws hydrogenated over 
u’/ T’d-<; (0.5g.) under H, (I ann) it rooni temperature for 2$h. The 

�:a(st ass remo’ed by fLltratjon and the filtrate was evapora%W,  in 
.-w. Fin rnaidue was crystallized from iso-Pr50-to1uerui to give 2e 

, 

$2%) as pain yellow ca-ystals, nip 169-.-172.5C (lit." rnp 
ss,s�,tss’c, 

from aqucour E400). 10 (Nujol): 3280, 1630om". 
’%-NMR (OMS0-d6) 6:2.79 29, t, J’1.6Hz), 129 (2B, t, J=7.8 Hz), 
6.77 (21-1. d,1-8-3  Hz), 6,67 (20, d, J 8.8134, 7.03 (20, d, J=8.3 Hz), 
7.23 (fl-I, t, J= 8.3 Hz), 9.14 (10, s), 1161 (213, 

s). 

MS m/z: 258 (M). 
.lunS. daleS for C15141404: C, 69.76; 0, 5.46 Found: C, 69.79; 0, 5.64-

liddbiriori on Rat Kidney SLT Activity Male Spragus-Dawley (SD) 
(1G›-13 wceye old) were used, rush harder membrane ’io1e 

OIIMV) frrn the rat kidy were prepared according to the method of 
e c,L’ The protein coOcentrazion was measured by use of 

1.unni7Ssie protein assay kit (Pierce:) and diluted with butter A (lQsna 
(The (p13 74), iOOmr.mmanriitol) to 4 rn5/mlproccb.iconceonration. 

Assay tubci containing 50 )Al of BMV suspension (0.2tng, protein) 

.c3 100 jsl ofbufferA containing 1% (vfV) of)MSO orOMSO oFution 
ol ;he tart compounds HnI concentration, lQitt) were preinoubmtd at 

37’’C (cr2 tni. Then 50,41 ofbufcr A containing 0.4pM n-glucose (final 

SrSt,ccntr-SuOn, 0,1 mm), 400 nilyr NaSCN (final couccntraeion, 100 isms), 
,, rid 211 4Ci/rol r10.)gleco3e (final radioactivity, I sCi) was a44ed. The at any tubas wane incubated at 37 ’C for Sr. The incnbadpn war terminated 

1n sSdi6or. of l,,SmI of ice-cold stopping solution (lOinse FlcpcsfTrts 
1161 7.4). 130mM NaCl, Ojinsu phiorizin) followed by rapid filtration 

i01 is mfrubtalw filter (nitrocellulose, 25rrrra , pore size O.451gm, 
� . umto6. The fitter was washed with 4.5 oil of the stopping solution. 

1 ban the n0ioactivity of the pellet was measured with a liqgld acitfl. 
Letion 000riter (I’ricarb 2200C, PacketS). 

Measurement of Urinary Glucose Excretjuj, Male $1) rats (6 weeks 
old) ivano used. Tost compounds were administered tvtcs, with an 8 h 

intranl, at 10 rng/k, L11i. or at 190 mg/kg, p.o. The volume of Injection 
wan kept at S ml/kg and ai aqua.l volume of the vehicle was given to the 

eotro3 group, Utine was collected for 24h after first administration and 
otinarss r,lueoee waS measured by use of a glucose analyzer (Apee). [hil,jtjcui of Glucose Uptake in the Small Itstine Male SD rats 6....-7 wcekt old) were starved overnight. The neose absorptou in the ,:rr,5l1 litestine was measured by the circulating method described by Kawaguchj, ’ Hats were anesthetized with pentobarbhal (50 m/lcg, i.p.) iil the abdomen was opened lerl8tJswjaa. The small intestine, at 2cm 

6 cnn Trejtz’ ipsasent was can_nulatad to Introduce the circulating soluti 
tnd thin tube was ennected with a peristaltic pump. The small iritmtit,C 

an 05 ens from that position toward the anus was cnnultd to remove 
the circulating solution and the abdomen was closed, The circulating iolution (SniM g.lucctc containing 0.9% 7’laC1 and 1% DM80, 20 ml) 

’’I ih or without a test compound (0.5 mm) was kept at 39’C and circulated 
4 LO/nun after 6l5hirig.r with 0.9% taline for lOom, One drop of .n:u%pg so1utin was sampled at 0. 15, 30, 4, and 60mii, and the ICCutrOtlot: of gIcose was measured by glucose osidass assay (new t1ucJ sugar ansi, Ec’ehringe Mannheim). The inhibition (%) was Lnl;ulated from the frilinwiug eq11110l’5, NR. 661 5’, 12 )179 inhibition (%).(A-uB)/A a 100 

Where 4 is the mean rate of glucose abnoe-ption from the circulating solution without tear compound and B is that with test compound. Blood Glucose-Reducing Etihet iii Glucose TłIaraiscu Teat Male SlY 

mice (S weeb old) were starved overnight. Test compounds (A 00 ref)beg, 
jao.) or phlorhdn (30 mg/kg, Lp) were ,,dminislcrcd immediately before subcutaneous loading of glucose (1 g/kg). The cosittol group rcooi’r4 glucale only. Blood -was sampled from the fil vain at 0,5, 1, and 2h 

later. Blood glucose levels were measured with the new blood sugar test 
(Uoehrirtger Mannheim). 

Eftect ol Cciuspod a on Blood Glucose Leytitu STZ4nducad Dinb’stse 
Rats Male SD rats (6 weeks old) were szarvcd overnight. Streprozotocin was administered at 50mg/kg, i.-s’. After 1 week, cooipound 1a (100 

mg/kg, p.o.) was administered and blood was sampled from the vein at 
0.5, 1, and 2h laict. Blood glucie levels wetC measured with the new blood sugar r.cst (Bohtingr Masanheim)-Glucose TouiSpOl’t in Erythroeytes Fresh human blood frosts healthy donors was uzczL The erythrocytes were made substantially glucose-fr by wastihi them tour times with 10 volumes of phosphate-buffered isalints (PBS; Dulbcccxi’i formula without magnesium and csm\chun) and then resuspended in PBS to give aem5tocrit vlitc of

 290/o - The ccii suspenseina (1O0il) was placed in a. centrifuge tube and 100 p1 of PBS containing I=( xi.[311)glueose (l&SkJsq.), 2 mls r’91ucsse and test, compound (2.0 Itt’s) was added with nibdeg. After incubation of the tubs for O-iO at 4’C, I ml of ir.e-eolcl stopping solution (0.lttsl( krctioIPBS) Was addcd Erythrocytes were sedhuseisted by ccritrifsgation and washed once with the stopping solution- The pellet was lysed wlth 100,"l of 0O and dcprottinizcd with 0.6mb of 5% tricicloroacetic acid. /n aliquot (0.4tttl) 

of supernatant wan neutralized with 3M NisOB and the radioactivity 
was measured by liquid ecinrffintion counting. 
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Reaction of 2,3 ,4,61etra-O-acetyt---D-gIUCOpytarlQyI isQLhiocya1ate with diethyl malorutte in a baste iricdium 

gave the c -responding glucopyranosyl thioanaide without significant deacetylatiOn. This thioamide in solution 

psrits Z-anzi as the sole configuration. Reactions of 5 with cabioes whicji have an ethoxycrhony1 group 

are away to prepare anornorically pure N-iiudeoslde detivatives of pyrrole and ti-ahydropyxidin. Reactions of 

5 with carbaxiions stabilized by one cyano group are used to prepare glucosylarnino thophenes with only the 

configontion. Some other aereochexriicaI aspects of the prepared compounds are discussed. ' 199a Elsevier 

Ltd. All nighrs reserved. 

fntrn4luction 

Sugar isothiocyanates are versatile stariing matedais in the syntheses of several types of gIyconju 

gafcs of biological interese.1 Of the sugar isothiocyanates, the glycosyl ones are the most useful, which 

is prompted the development of both preparation procedures and synthetic applications.  M the 

aine time, the nucleosides and arnirtothiophenes are interesting chemotherapeutic tools in the tre.atmeni 

of variois Infectious diseases,10 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 chemisciy, in this paper we report on the re-
actions of 2,3,4,6-r-4-0-acety1-(-D-g1ucopyranosyl isothlocyanate,l I as an example of easily available � glycosyl isotttiocyanate, and different carbon bases. We also explore the use of the corresponding adducts di the preparation of pyrrole and pyridine nucleoside derivatives and of glycosylarninothiophenes. Many ctions of sugar isothiocyanates with N-, 0- and S-nucleophiles have been studied;1’12 however, the data on reactions with carbon bases are very scarce and limited to enamines as nucleophiles7’12 " Corresponding authoc E-mail: jutetcIcaes 0957-4 I6o5J$ - front miner 0 195 Elsevier Scirtc Ltd All rights r&rved 7-’?o S0957-416e(9)00243-2 04/07/2009 NIAR 11:05 [# T(/RX 55051 [014 
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MO 

OEt 

ACO 
AcO 

$ 

CO2t 

6* (Zanfl) 

CO2c 

OAc 

cO 
AcO 

66 (Z-yn) 

Fig 1, Conformational stercoisomers by totarion arowxl the C1’�N  bond of 6 

2. Recits and dIsslon 

Commercially available diethyl malonate ethyl cyanoacetate, pheny1thioacetonittile cyanoaetstainide 

and maionodiiiitrile, and the newly synthesized phenacyl and acetonyl derivatives of diethyl ImalonaLLS 

1-3 and of inalonodinitrile 4 were used to generate catbariions to study their reactions with 2,3,4,6-tetra-
O-aceryl--r-g1ucopyranoSy isothiocyanate 5. Compounds 1-4 were prepared by alkylation of diethyl 

nialoriate or malonodinitrile with the corresponding ct-haioketone in the presence of sodium hydride 
under a niungen atmosphere. The structures 1-4 were supported by IR, 11-1- and 13C-NMR and mass 
spectroscopic data (see Experimental). 

ACO NCS 

MO 

1 2 3 4 

R1 CO2Et COt cG CN 

R2 Ph p-C1-C6113 Me Ph 

2.1 Reactions of the glucosyl isothiocyanate 5 with carbanions having two ester groups 

Reaction of the isothiocyanate 5 with diethyl malonate in a basic Tnedium 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 ethoxycaibonyl 

group, 

shown 
in Fig. 1, was evident from the chemical shift of Ni-I (9.55 ppm, close to that for other strongly chelated amino groups6), and from the existence of two different resonances in the 13C-NMR spectrum at 165 (CO chelated) and 164 ppm (CO free) for the ethoxycarbonyl groups. The sugar amides and thioamides can exist in four configurational and conformational stereoisotners (Fig 7), and because of the important biological role of many glycoconjugates with an amido function, such as glycopeptides, glycolipids, calicheamicins,’3 and istamycins,14 it is very interesting to know the exact stereochemistry of any amidosugar. This can be a way to rationalize the role of these compounds i ri molecular recognition or enzyme inhibition phenomena. The aforementioned equilibrium has been evaluated for several types of amidosugar derivative’5 and the Z-anti as sole conformer or mixtures of Z-ansi and Z-syn conformers have been described as predominant stercoisomess. The recent observation’ rhat the value (9-11 Hz) for the 5JHjj between the Nil and the vicinal CH sugar proton (H-i or 1-1-2) is cmpatibIe with lxrh the antiperiplanar and syoperiplanat arrangements of Nil and Cl-I has demonstrated 04/07/2009 MAR 11:05 [# TX/RX 86051 Z 015 
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Table I 

Selected MMR. data (6, pptn; J Hz) for ccrnpounds -14, 1-22, and 25.74 in CDCl 

7. cu 

7 11.21d 5.3t 5.2 8.2 81.9 196.5 

11.15d 5.82, 82 82 819 195.4 

9 10&d 5.78d4 7.7 9.5 81.9 196.5 

102 6.46d 9.6 81,3 193.8 

- 640b4 - 9.6 81.2 

11 - 4.77d 8.6 92,0 166.3 

Ir - 4.77d - 8.4 9113 164.7 

13 - 6.60d - 9.6 83.1 196.7 

14 . 4.8U - 87 99.2 165.4 

- 4.7 Id 2.7 903 1667 

18 10.32e 539dd 7.8 9.4 82,8 - 

19 7.104 5.42dd 8.3 9.4 83.3 - 

20 6.54d 4.65t 9.5 9.5 24.9 - 

21 646d 466t 9.5 9.5 843 - 

22 637d 4.77t 9.5 93 84.4 - - 

4,8d - 9.5 g9,2 

26 474 - 9$ 905 - 

As a pair of dstwom, At mom tinpetur. ’In Ct)SO. 

a 

possible 
controversy in 

the published results, and new experiments have been carried out or both 2-
:i.m ido-2.-deoxy sngarst6 and glycosylaniides J7 In the case of the thioauido derivative f the preseJce of :ok stereoisorner was evident from the 1H- and

 CNMR spectra which showed oily one signal set. F1Le above-discussed hydrogen bond is compatible with the Z-ant’ 6it and Z-syn 6b stereoisomers (Fig 1) and rules out the E-and and E-s’yn cop1iuxations. To distinguish between Ga and 6b the indicated NOE experiments were carried out. From these, the 1,3-syn-axial disposition between NH and CZ-H was evident, and consequently the Z-anti stereolsomer is the only possible one. Treatment of the giucosyl isothiocyanate 5 with the diethyl phetiacyl (acetonyl) malonates ...3 and sedium hydride gave the glucosyl thioamide derivatives 7-9 respectively. The NMR spectra of c,owpoumIs 7 and S had single sets of signals, the data being very close to those for 6, and supporting h same structure and st feocliernistry. In these two cases, the chemical shift for the NH resonance was ; 11-2 pprn corroborating the presence of a strong hydrogen bond. Compounds 7 and S were stable in solution in chloroform even after 10 days, and no formation of cyclic structures in the aglycon moiety were observed. This is probably de to the conjugation between the carbonyl and phenyl groups of the phenacy] radical. In the ease of the reaction 5+3, the I H-NMR data of 

the final product demonstrated the strUcture 9; however the ’H- and C4’ThfR spectra showed the existence of an equzthrium between 9 and the two (5R,SS) hemiamirialic 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 ratio, which is consistent with the floustereogenic character of C-2 and C-3 in the aglycon moiely of 9. With increasing temperature, the proportion of 9 in the equilibrium increased, the ratio of 9:10 reaching 1:4 at 50C. Selected spectroscopic data of 10 are included in Table 1. 04/07/2009 MAR 11:05 [# TX/RX 86051 V101.6 
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Fig, 2 Scereocheroical equilibrium for cite amide moiety of sugar amides X.0) and thioaniidc (XS) 
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10 
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OAc 
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AcO 

S 
Li. ru 13 
12 Rp-C1C6H4 

Cyclodehydration of 7 and S with acetic anhydride and phosphoric acid gave the N.nueteoside 
deiivatives of pyrroline-5-thione 11 and 12. The resonance of the CS group of 11 and 12 appeared 
at 165 ppm, a value very different to that for the starting materials, and close to that reported for related 
a1iriethiones.’2 The ’C resonances at 141 (C-2) and 116 ((2-3) ppm and the 1H resonance at 6.22 
ppm supported the presence of the double bond in the aglycon moiety. 

When the same treatment with acetic anhydride and phosphoric acid was carried out on 9, the N-
glucosyl pyridine derivative. 13 was obtained in 65% yield after purification. The 14- and C-NMR 
spectra of 13 showed a sole signal sets and no signals attributable to the other diasteromeric sulJcWre 
were observed. In contrast to 11 and 12. the C’S group of 13 resonated at 196.1 ppm; the signals for 
the CCH group appeared at 152.9 ((2-5), 105.1 (C-6) and 6.49 (CH) ppm. This inner resonance was 

a double doublet showing aIlyLic couplings (2.2 and 1.7 Hz) with the protons on (2-4. The resonance 
of the. ketone C=..O was observed at 199.6 and there was no signal for NH, A possible inechanisie to 
explain the formation of the N.nucleoside analogue 13 is depicted in Scheme 1. The eriolic form 9b, 

04/07/2009 MAR 11:05 (# TX/RX 86051 Z017 
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which can be acetylated, undergoes internal addition, followed by dehydration (if acetyJ4ted elirnthatiol) 

of AcOH) to give 14. This intermediate is an enarnine aniogue with strong nucleophilic character at the 

-caxbon (C-5). Consequently it can react at this position with an acetyl cation to give 13, after loss of 

a proton. A possible structure 16 for the intermediate was ccrnsideted, but the spectroscopic data and the 

existence of only one stereoisomer for 13 ruled out this formula. Related six-membered cyclirations of 

-o>othioureas have been described.’ 

O1-t{OAC) 

o 

93 S 

H COdH 

(3 

COIEL 

G glvcosyl radical 

CIIIIIJc:t 

co 

14 S 

-- - 
c 

CchEt 

co2 

.16 S 

S.heine 1. Fossibk achanism for the formation of 13 

2.2. Reactions of the isozhocyanae S with carbaniont having one cyano group 

W}en the carbaniort from ethyl cyaiioacetate reacted with the giucosyl isothiocyanete 5, a non-
aatab1e salt (17) was. formed (Scheme 2); which by reaction with phenacyl bromide gave the 3-

phenacyl derivative IS in high yield, and no cyclization to a thiophene derivative was observed. The 
phenacyl group of 18 was evident from the

 JR band at 1684 cm (CO) and from the 11i resonances nt 496 and 4.63 ppm (AB system for CH2, JAO 17.1 Hz) and C resonances at 191.8 (CO) and 42.7 ppm (C1*). The cyano group resonated at 117.3 ppm and its JR CN bond appeared at 2212 cm; there wete no signals for a C=S group The chemical shift for the resonance of the NH (10.32 ppm) chmonstratcd a strong hydrogen bond between this proton and the carbonyl of the ester group. The 

cxister1ce of this H-bond supported the J’l configuration assigned to the CC double bond. 
In the case of the reaction of 5 with pheny]thioacetoniirile, and afterwards with phenacyl chloride, the S-ph enacyl derivative 19 and the glueosyl.aithno thiophene 20 were obtained after chromatography. The crnietura] data of 19 closely resembled those of IS (see Table I and Experimental), except the resonance for NI-i., which appeared at 7.10 ppm and corresponds to a weakly chelated amino proton. This fwt is indicative of Z configuration of the CC double bond, with a hydrogen bond between the cis NH and CeN groups. Dilution studies confirmed the intramolecular chelated structure. Compound 20 (see tricture discussion together with 21 and

 22) with a thiophene structure arises from the nuoleophilic addition of the methyene of the phenacyl group onto the cyano group of the E sternoisomer of 19. When cyanoacetamide and malonodinitrile were used to generate the carbanions, the gLucosylamino’ hiophenes 21 and 22 were Isolated. The JR spectra of 20-22 revealed the presence of the NH stretching 04/07/2009 lIAR 11:05 [# TX/.RX 86051 ZO1 
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Sctiemc 2. ReacEjop of compound 5 with cyanodenvaLivos 

band at 3424-3322 cm and, in the case of 22, a C!5=-;N absorption at 2212 crn. The 11-1-N14R spectra 

,
 

showed broad signals for the NH2 groups and a doublet for the NH at 6.54 ppm for 20 .(nonchelated 

structure) 8.66 ppm for 21 (hydrogen bond between Nfl and CO groups) and 6.17 ppm (weak hydrogen 

bond between NN and CN). In contrast with what happened with 18 and 19, in the three cases 20-22, 

the H-i of the sugar ring resonated at higher field than H-2, H-3 and H-4.. No signals for a CS group 
were observed. 

Some reattious between beuzoyl isothiocyanata and methylene active reagents have been smdied 
and a structure related to 17 has been proposed as an intennediate. 

The reaction of 5 with a dicyano derivative has also been studied. Thus, when S was added on the 
canbzmion proceeding from phenacylmalonodinithie 4, and the resulting salt 23 was S-alkylated with 
phenacyl bromide, the thaseromeiic mixture (C-3 epimers) of giucosyliminothiophenes 25 aDd 26 was 
obtained. This mixture could be resolved chromatographically, and 25 (major) and 26 (minor) were 
isolated as pure products, although the configuration of C-3 could not be assigned. Compounds 2$ and 
26 are formed (Scheme 3) by nucicophilic addition of the methylene of ’be S-aikylgroup of 24 on each 
one of the cyano groups. The I 13-NMR spectra (Table 1 and Experimental) of 25 and 26 had no signals for 
NH, and H-i of the sugar ring resonated as a doublet. The chemical shifts for the resonances of C-i of the . sugar ring and CN (C-2 of the thiophene ring) were close to those described for related glucosyiimino 

�
 

derivatives-22 The resonances for the C-CH2 group appeared at 42.5 ppm and the chemical shit ti for 
the resonances of the NH2 were ALSA 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 

pbeoacyl group. 
As with other &dirnines,22 the glucosylirthnes 25 and 26 probably prefer the coufonnation indicated in 

the Scheme 3, because this is stabilized by a Tt�(Y’ delocalization of the IT electrons of the C=N bond 
n the o orbital of the CI -O bond in the pyranosyl ring, 

Conventional deacetylation of compounds 6, 11, 12.18 and 22 gave the glucosyl thioarnide 27. the N-
nucicosides 28 and 29, and the glucosylnrtdnothiopbenes 30-31. The deacetylation of the phenylthio. and 

04/07/2009 MAR 11:05 [# TX/RX 86051 U01.9 
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AcO ] 
Ph 

i., NaH!DMF; if, L 25,26 

Scheme 3 ction of compOund 5 With phenacyl malonodinithlc 

2523 

cdlbamoylderivatives 0-21 was also fried but in these three cases decomposition took place, and it was 
uot possible to isolate the correspondlcig deacetylared derivative. Compounds 27-31 were characterized 
by their NMR data (see Experimental). Compound 27 showed a strongly obekied structure (NH 10.6 
pprn. During the treatment with sodium tuethoxide of the N-nucleosides 11 and 12, saponification of 
an etlioxycarbonyl group and then d iboxyladon took place, and in this way 28 and 29 had only one 
:Uioxycabony1 group. Compound 29 was isolated whereas 28 was only spectroscopically detected. in the 
case, of compound 18, under deacylaii.ou conditions, the cyclizaton took place and the aminothiophene 
derivative 30, with the same structure as 31, was obtained, 

OH OH 

HO . mo???’ "I ccolm HOHO"? 
N COEt 

HO HO

 SH 
27 28 R- Ph; 29 p-Cf-C6144 

SHO 
HO 

�NU2
 

30 R O2Et; 31 P.." CN COPh 
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In conclusion, a glycosyl isothiocyauate, the 2,3,4,6-tetra-0-acety1--D-g1ucopyraflosy1 isothicyanate 

5, can react with methylene active compounds, in a basic medium, without significant deacylation. These 

reactions open ways to prepare glycosykhioamides, nucleoside analogues of different heterocycles, and 

tz1ycosylamino heterocycles. In all cases, the anomeric configuration is fixed by the C-I’ configuration of 
the glucosyl isothiocyanate. In cases of the giucosylarnino derivatives, the anomeriation described for 
other free and 0-protected glycosyl amines did not take place. 25,24 

3. Experimental 

3-1. General 

Melting points are uncorrected. Optical rotations were measured for solutions in dichiororrietbane. 
FI’IR spectra were recorded for KBr discs or thin films. R-NMR (500 and 300 MBz) and 1C-
NMR (125.7 and 73.4 MHz) spectra were obtained for solutions in CDCI3, (CD3)2S0 or MeOH-4. 
Assignments were confirmed by homonucicar 21) COSY and heteronucicar 2D correlated experiments, 
FA.B-mass spectra were recorded with a Kxatos MS-80RA instrument with a resolution of 1000 (10% 
valley definition). Tons were produced by a beam of xenon atoms (6-7 kV) using a matrix consisting 

S of th,ioglycerol or 3-nitrobenzyl alcohol and NaT assalt- Hi’IStl 5 (70 eV), E1RCIMS (150 eV) and 
1IRDCMS (150W) 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 HE, with detection by 1W light or charring with H2SO4. Silica gel 
60 (Merck, 230-400 mesh) was used for preparative chromatography. 

3.2. General procedure for the preparndon of I-4 

To a stirred solution of diethyl malonare (6-59 mmcl) for 1-3 or malononirrile for 4 (6.59 mmcl) An 
v roL of dry DMF 

over molecular sieves and under 
nitrogen, 928 mmol of NaB (as a suspension in mineral oil) are added. After 5 mm, the corresponding c-ha1oketone (6.59 mmci) was added dropwise as a solution in 1.5 mL of dry DMF over molecular sieves and under nitrogen (for)[-3) or added directly as a solid (in the case of 4) onto the cai-banion. The corresponding mixture was stirred at 30"C for 30 min, then diluted with ether (for 1-3) or dichioromethane (for 4), washed with water, dried (Mg04), filtered and evaporated to dryness. 3.2.1. Die thy! phenacylrnalonote 1 vl rnL. Column chromatography (ether

-hexane-=1,4) of the residue gave an oil (1 -08 g, 591YP); IR. 
vmax 3063, 2984, 2934, 1732, 1690, 1451, 1368, 1267, 1155 and 1031 cm- 1; 14vjR (500 MHz, CDC13): .. 6 8.01-7.27 (m. 5H, Ph). 4.29-4.20 (m, 2H, CH2CH3), 4.06 (t, 1H, JHC,CH7.l, HC), 3.64 (d, 2H, CHrCOPh), 1.30 (t, 6H, 3JH,H=7.1, 2CH2CH3) ppm; 13C-NMR (125.7 MHz, CDC13): 8 196.5 (COPh), 169.0 (2C, 2CO2E0, 136.4-128.1 (6C, Ph), 61.7 (2C, 2CH2CH3), 47.1 (HC), 37.7 (c112COPh), 13.9 (2C, 2Cl2Cfl5) ppm; lEllvS ni/z ohsd 278.1152, calcd for C15H1O 278-1154, 3.2.2. Diethyl p-ch!orvphenacylinaJanate 2 12 mL. Column chromatography  (ether:hexanel :4) of the residue gave an oil (1.65 g, 80%); 111 V 3094, 2984, 2936, 1738, 1690, 1454, 1368, 1275, 1179 and 1032 cm-’; B-NMR (300 Islz., CDCb): 7.96-7.42 (m, 4H, Pb), 4.27, 4.26 (each q, each 2H, 5Jrr7.1, 2CH2cH3) 4.07 (t, 1H, Jttc.CH=7.1, 04/07/2009 MAR 11:05 {# TX/ItO’ 86051 1? J021 
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JC), 361 (d, 211, CJI2COPh), 1.31 (t, 6K  _CH-
 ppm; ’3C-NMR (75.4 MHz, CDCI3); i9.3 

C(i)Ph), 168.8 (20, 2CO2Et, 140.3-129.9 (6C, Ph), 61.7 (2C, 2R2CR), 47.0 HC), 36.7 (cH2COPh)1 

13.9 (20, 2012CH3) ppm; RRIMS ink obsd 312.0780, caled for C15111100 312.0765. 

3.2.3, Diethyl aceanylmii.lonate 3 
v=1 mL Column chromatography (ether:hexane1:4) of the residue gave an oil (0.60 g, 42%); IR 

v 2986, 2940, 1738. 1458, 1366, 1271, 1159 and 1024 cm- 1; ’kNMR (300 MHz, CDC): ö 4.20 

3J}JrZ7.1, 2CH2CH3), 385 (t, 1H, IIC). 3.06 (d, 2H, CH2COCH), 2.21 (s, 311, 

(--’H2C0CH), 1.27 (t, 61-1, 2042CH3) ppm; C-NMR (75.4 MHz, CDCI3); 6 204.8 (COCfl). 168.7 
L2.C, 2CO2Et), 61.6 (2C, 2CH2CH), 46.8 (HC), 41.9 (CH2COPh), 29.6 (COCH3), 13.9 (2C, 2CH2cHi) 
ppm; HREtMS m/z obsd 216.1004, calcd for C10H1605 216.099g. 

3.2.4. Phenacyl ,n2loiwdinirrik 4 
v=2 rnL. Column chromatography (dioblorornethane) of the residue gave a white solid (0.79 g, 65%) 

w i iich gradually becomes brown at room temperature.. This brown impurity could be removed by further 
::.iunn chromatography (etherhearie=1;1); IR v 3054, 2907, 1732, 2255, 1682, 1589, 1447, 1358 
?Ind 1217 cm1; ’H-NMR (300 MHz, CDCI1): 6 8.03-7.56 (in, 51T, Ph), 4.48 (t, 11-1, J}{ç,c.,ó.S, 
1, 1C), 3.84 (d, 2H, C142) ppm; 13C-NMR 754 MHz, DC13): 6 192.2 (CQP)i), 134.7-128.0 (6C, Ph), 
112.3 (2C, 2CN), 39.4 (CH2COh), 17.6(HQppm;RRErMSoVzobsd 184.0635, calcd for C11HON2 
184.0637. 

3,3. Diethyl 2.3,4,6.-rcrra-O-ociyl$ -D-gircopyranosy/-aminOthiocathony1 ma!onat 6 

a stirred solution of 511 (0.50 mg, 1.23 mmol) in dry DMF (4 mL) under argon at 4C, diethyl 
ijiakrnare (0:19 inL, 1.28 mmol) and KOfi (1.28 mmol) were idded.. The mixture was iirred for 1 h at 
10°C, then diluted with dichioromethane, washed with water, dried (MgSO4), filtered and evaporated 
to dryness. The resulting product was purified by recrys4altization (ether:bexne). 6 was obtained as a 
crystalline solid (0,43 tog, 6117-o) which had rnp 101-102°C (ether:hexaue); (cc] +52 (c 1.0); IR v 

3308, 2982, 2942, 1750, 1537,1420,13’70,1225 and 1040 cm; ’H-NMR (500 MHz, CD03) i 9.55 
(d, IR, it=8.l, NH), 5.75 (cld, 114. fl-i), 5.35 (t. TH, J2,=.149.5, H-3), 5.21 (t, 1H, 11-
2), 5.12 (t. 1H  45=9.5, 1-1-4), 4.97 (s, IH, CH). 431-4.21 (nI, 511, H.-6a and 2C112CH3), 4.11 (dd. 
lH, J6,6b12.5, I1-6b), 3.86 (ddd, 1H, J=45, H-5), 2.09, 2,08, 2.04, 2.03 (each s, each 
3.11, 4Ac), 1.31, 1.28 (each t, each 3E[, 3JH.=7.I, 2CH2CH3) ppm; CNMTR (125.7 MH,CDCT3): 
S 93.7 (C=S), 170,5, 170.4, 169.7, 169.3 (4COCFI), 165.0, 164,0 c2CO2Et. 81-7 (C-I), 73.7 (C-S), 
72.4 (C-3), 69.8 (C-2), 68.0 (C-4), 66.2 (CH), 62.8, 62.7 (2CH2CH3), 61.4 (C-6), 20.5, 20.2 (2COCH), 
20-4 (2C,2C0C113), 13 and 13,6 (2CH2Ci3) ppm; FABM$ rri/z 572 (100, [M+Na3). Anal. calcd for . (32H013NS: C, 48.08; U, 5.69; N, 2.55; S, 5.83. round: C, 47.94; H, 5.60; N, 2.66; S. 5,66. 

.1 General procedure for the preparation of 7-10 

To a stirred solution of 026 mmol 1 for 7, 2 for 8, or 3 for 9 and 10 in v rnL of dry DMF over 
molecular sieves and under nitrogen, 0.31 mmol of NaH(as a suspension in mineral oil) was added. After 
5 mm. 0.26 mmol of 2,3,4,6-tetra-0-aeetyl$-p.-glucopyranosyl isothiccyanate 5 was added dropwise as 
a solution in 0.75 tuL of dry DMF over mot&ular sieves and under nitrogen onto the carbanion. The 
nixmre was stirred at 30’C for t mitt, then diluted with ether, washed with water. dried’(MgSO4), filtered 

aacl evaporated to dryness. 

04/07/2009 MAR 11:05 t# TX/TX 86051 U022 
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3,4, 1. 
thiobutanamide 7 
Column chromatography (ether hexane=11 and 3:1) of the residue gave a white amorphous solid 

(69 mg, 40%) which had [fI] +39 (c 1.0); IR v, 3214. 3030, 2980, 2942, 1751, 1688, 1537, 1452, 

1370, 1225 and 1042 cm; ’H-NMR (300 MHz. CDC13): 6 11.21 (d, 111, Jp’8.2, NB), 7.987.27 

(in, 5H, Ph), 5.83 (t, 111, J1’ 2r=&2, H-i’). 5.37-530 (iii, 2H 11-2’, 3’), 515 (in, 111, 11-4), 4.70 (d, IN, 

J=I9.6, C-3a), 4.33-4.20 (in, SH, H-6’a arid 2CH2CH3), 4.29 (d, 1H, C-3b), 4.09 (dd. 111, Jj6’b-2.3, 

J( ’;,6’b=  H-6’b), 3.83 (ddd., 111, 1=10..0, J’=4.6, H-5), 2.09. 2.06 (each s. b 311, 2Ac), 2.03 
(s, 6H, 2Ac), 1.22, 1.19 (each t, each 311, 3Jii=7.1, 2CH2CH3) ppm; 13C4MR (754 MHz., CDC13): 

1999 (C-4), 196.5 (CI), 170.6, 170.0, 169.9, 1694 (4C’OCH), 168.0, 166.2 2C0.Et). 135.9-128.1 
(6C, Ph), 81.9 (C- 1’), 73.9 C-5’), 73,0., 69,9 C.-2’, 3d), 683 (c-4’), 65.4 (C-2), 63.0, 62.9 2CH2CH3), 
61.6 (C-6’), 47.1 (C-3), 20.6, 204 (2C0C113), 20.5 (2C, 2COH3) 13.6, 13.5 K2CH2C, 113) ppm; PABMS 

m/z 690 (100, EM+Na1). Anal. caicd for CH37O14NS; C. 53.97; H, 5,59; N. 2.10; S. 4.80. Pound: C, 

53-9-7-j-1, 5.51; N) 2.21; S. 5.18. 

342, N-(2’,3’,4’,6’Derra-O-ucy1-$-Dlucopyranosy!)-4-(4-chIoTophenyl)-2,2-diethJ,rvcarbo.zyl-
4-oxo-2thiobutwiamide 8 
Column chromatography (etherhexane=1:1 and 3:1) of the residue gave a white amorphous solid 

(108 mg, 59%) which had [c +45 (c 1.0); tR vn= 3206, 3041, 2984, 2942, 1755, 1684, 1539, 1368, 
1225 and 1038 cm; ’H-NM (300 MHz, CDC13): 6 11.15 (d, 111, JNHI’8-2, NH), 7.93-7.40 (iii, 

’IH, Ar), 532 (t, 111, J1’2’8.2, fl-i’), 5.37-527 (rn, 211, 11-2’, 31), 5.15 (t, 11-1, J’J4’10.0, I-I-
4’), 4.66, 4.25 (each U, each 111, J18.6, H-3a, 3b), 4.24 (dcl, IH, J’64-6, J6r’i2.4, H-6’a), 424 (q, 411, J=7.1, 2CH2CH3), 4.09 (dd. 1.11, J5’,5’b2.3, H-6’b), 3.83 (ddd, 111, H-5’), 2.09. 2.07 (each s, each 311, 2Ac), 2.04 (s, 611., 2Ac), 1.23, 1.20 (eath t, each 3H, 2CH2CH) ppm; 13C-NMR (75.4 MHz, CDC13): 6 199.6 (C-4), 195.4 (C- 1), 170.5, 169.4 (2COcH), 169.9 (2C, 2COCH), 167.8, 166.0 (2CO2Et), 140.0-128.9 (6C, Ar), $1.9 (C-I’), 73.8 (C-5’), 72.9, 704 (C-2’, 3’), 68.2 (C-4’), 653 (C-2), 63.0, 62.9 (2CH2CH3), 61-6 (C-6’). 4.9 (C-3), 20.6, 20.4 (2C0C113), 20.5 (2C, 2COCH3). 135 and 13.4 (2CH2CH) ppiri; rAB MS rn/z 724 (100. [M+Na]’). Anal. calcd for C3014014NSCl: C, 5132; H, 5A7. N, 

1.99; S, 4.57. Found: C 51.21; H, 4.99; N, 2.05; S. 4.5$. 3.4.3. N’-(2’,3’,4’,6’ -Tetra-O-acery1-$--ghcopyranosy1)-2,2-diethôrycarbony1-4-oxothiopentana,nide (9) arid 2(R.. S)-44 -diethoxyea rb nyl-2-hydroy-2-methyl-1-(2’ ,3’,4’, 6’ -tetra-O-actyI-$-D-glico-pyranoyl)-5-rhioxopyrrolidine .10 Column chromatography (ether1hexane=3:1) of the residue gave a white amorphous. solid 9+10 (58 mg, 37b). Compound 9 ’H-NMR (500 MHz, CDC13): 6 10.80 (d, IN, NH i7.7, NH), 5.78 (dd, 1H, H-1’), 5.39 (t, 111, J2r J4’=9,5, 11-3’), 5.24 (t, 111, 11-2’), 5.12 (t, 111, J4’’9.5, 11-4’), 4.30-4.18 (in, 411, FL-6’a, 6’b and CH2CH), 336-333 (in, IN, 11-5’), 2.95-2.75 (re, 2H., H-3a, 3b), 2.09, 2.06, 2.02, 1.92 (each s, each 3H, 4Ac), 1.73 (s, Iii, CHCOCH2), 1.26(t, 6H, 3J7.1, 2CH2C113) ppm. Compound 10: ’H-NMR (500 MHz, CDC13): 6 638 (d, IH, J1’ 2’=.S, H-I’), 5.35, 533 (each t. each ]H, J2’ 3’=J3’4’=9.5, H-2’, 3’), 5.15 (t, 1H,J4’5’9.5, 11-4’), 4,30-418(m, 411, 1f-6’a, 6’b and CIJ2CH3), 3.81 (dt, 114, J5’6’J5’’b3.3, ff.5’), 2.81-2.76 (m, 2H, H-3a, 3b), 2.0-7,2.04,2.01,1.98 (each s, each 311, 4A,c), 1.62 (s, IN, CH3COC}12), 1.29 (t, 611, JH.=7.1, 2CH2CH3) ppm; C-N1 (125.7 MHz, CDC13) 6 199.7, 195.8 (2CS), 171.9-166.0 (12C, 4CO2Et and 8COCH), 84.2, 83.7 (2C.-1’). 75.6, 74.9 (2C-5’),73.0, 71.9 (2C-2’), 72.3. 70.4 (2C-3’), 67.9, 67.6 (2C-4’), 96.7, 95.2 (2C-2), 70.9,

 70.2 (2C-4), 630-60.9 (2C-6’ and 4C112C113), 46.7, 44.9 (2C-3),273,25.0 (2CH), 20.7-20.2 (8C, 8COC’H), 1.3.8, 04/07/2009 MAR 11: 05 j# TX/RX 86051 Lj 023 
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137 (4C, 4CLT.CH3) ppm.; FABMS m/z 628 (100, JM+Nar). HRFABMSn/z obsd 628.1665, caled for 

C21-135ONSNa 628.1676. Anal, caled for C25115014NS C, 49,58,114,5.83; N, 2.31; S,5-29- Found: 

C. 49.91’,1-1,5,47-7 N, 2.45; S, 5.25. 

3.5, General procedure for the preparation of 11-13 

The starting material (7 for 11, S lot- 12 or 9 for 13, 0.34 mniol) was dissolved in 3.4 mL of acetic 
uthydride and 0.17 mL of melted anhydrous H3PO4. The rnxture was st.ired at r.t. for r hours and 

t3 en poured into ice�water, extracted with ether, washed with saturated aqueous NaHCO3 and water, 

of ied (MgSO4) ar-id concentrated. The xesdnc was taken up in 96% ethanol and treated with basic resin 

ALnberlist ]R-4.5(OH), filtered and evaporated. The residue was purified by column erniatography 
((.-,ther:hexane=3:1). 

3.5.1. 
2-pvrrolize Ii 
White and amorphous solid (168 mg. 76%); t12 h; foti --7 (c 0.9); TR v 3067, 2980, 1750, 1653, 

.i.47, 1371, 1225 and 1040 cm; ’H-NMR (500 MHz, CDCI3); 8 7.52-7.39 (m, 51-i, Ph), 6.22 (s, 11-1. 
i1-1-3), 5.32 (t, IH,. J2’3’J3.4’.9, }f-3’), .5.23 (dd, IH, J1’2’=8.6, H-2’), 5.20 (t, Ili, J4’=8.9, H-4’), 

S 4.77 

(d, iH, H-l’), 4.32-4.24 (rn, SH. H-6’a and 2CHCH3), 4.20 (dd, 1H, 35’6’b=2�2. 4’,6’b12-3. 3.86 (ddd, 114, J5’,6’- H-5’), 2.09, 2.05, 2.01, 1.97 (each s, each 3H, 4Ac), 1.29, 1.28 (each. , each 311, 3JHj17.0, 2CH2cH) ppm; 13C-NMR (125,7 N1z, CDCI3): 6 170.7, 170.3, 169.3, 168.9 (4COCH3), 166.3 (C-5), 1653, 165.2 (2CO2Et), 142.4 (C-2),132.1-126.4 (6C, Ph), 115.0 C-3), 92.0 (C-l’), 76.9 (C-4),73.7 (C-5’), 73.5 (C-3’), 71.4 C-.2’), 68,4 (C-4’), 62.9,62.8 (2C’H2CH3), 62.1 (C-6’), :O.7 (COCH), 20.5 (3C, 3COC143), 13.9 and 13.8 (2CH2CH3) ppm; FABMS inlz 672(100, [M+NaV"). Anal. c1cd for C3011O13NS: C. 55.46; 11, 5.43; N, 216; S, 4.94, Found: C, 55.4; H, 5.20; N, 2.17; S. 3-5.2. 2-(4-Ch1orophety1)-4,4-die:hoxycarbony1-] -(2’,3’,4’,6’-retra.-O.-aceyl-fl..D-1ucopyranosy1)-5- zhwxo-2-pyrroline 12 White and amorphous solid (156 rug, 67o); t10 h; (xJ +54 (c 0.7); 1R vy 3075, 2980, 1753, 1655, 1437, 1371,. 1225 and 1040 cm’; ’H-NMR (300 MHz, C]DC13): 67.42-7.40 (w, 4H. Ar), 6.22 (s, Ili, H-5.32 (t, IH, J2 3’=J3’ 4/=9.3, H-3’),.5.22 (dd, IH., J1’ H2’), 5.19 (t, IM, J4’.’93, W4), 4.17 (4, 1,H, H-i’). 4.32-4.24 (m, 411, 14-6’a). 4.29 (q, 415, 3H.H=7.1, 2CH2CH), 4,20 (dd, UI, S’6’b24’ H-6’b), 3.86 (ddd, 111, J’4.6, H-5’), 2.09, 2.05, 2.01, 1.97 (each s, each 39, 4A0, 1 29,

 L28 (each t, each 3H, 2C112CH3) ppm; 13C-.NMR (125.7 MHz, DMSO-46): 6 170.0, 169.6,169-3, 168.6 (4C0.C113), 164.8, 164.8 (2GO2Et), 164.7 (C-5), 140.3 (C-2), 134.5-128.1 (6C, Ar), 116.4 (C-3), 91.3 (C-l’), 76.7 (C.-4), 72.5 (C-5’). 72.3 (C-3’), 71.2 (C-2’), 68.0 C-4’), 62.5, 62.4 2cHCH3), 61.8 _. (C-6’), 20.5, 20.4 (2COCH), 20.3 (2C, 2COC3), 13.7, 13.6 (2CH2C113) ppm; FARMS m/z 706 (100, [M��-Na). Anal. caled for C’.9HO1NSC1: C, 52.67; H, 5.01; N, 2.05; S. 4.69. Found: C, 52.49; IL 4.94; N. 2.40; S. 4.59. 49 ./5.3. 5-Acety-3,3-diethoxycathorzyl-1,2,3, 4-zezraydro-1-(2’,3’,4’,6’-te1raO-acery1..$-D-(uco-pvranosyl)-2-thioxopyri4ine 13 Amorphous solid (139 mg. 65%); r-7 h; ] -20 (c 0.4); JR v, 2978, 175, 1690, 1605, 1439, 1371, 1223. 1098 and 1040 cm; ’H-NIvIR (500 MHz, CDCI3): S 6.60 (d, IH, J1’,2.-96, 15-.1’), 6.49 (dd, 11J, Fl.6), 5.66 (t, IH, 12’.3-9.6, 14-2’), 5.42 (t. iH, J3’4’=9.6, lf-3’), 5.25 (c, It-I, Je,"9.6, H-04/07/2009 MAR 11:05 [# TX/RX 86051 Z 024 
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4’), 439 dd, f5’,r3.7. J6cia12.7, H-6’a, 433.21 (m, 4H, 2CH2C13), 4,17 (dd. 1H. 

H7-6’b, 393 (ddd, IH. H-5’), 4.03 (dd. 1, 14,4b19.1, J4]61.7, H-4a, 375 dd, 111, J4h.6=2.2, 1-

41,), 2.33 (s, 311, .CCOCH). 2.13, 2.08, 2.04, 1.94 (each s. each 3H, 4Ac), 1.30, 1.29 (each t, each 

31-1,J14,14’7.1, 2042CH3) ppm; tsC,NMR (125.7 MHz, CDC13): 5 199.6 (CCOCE3), 196.7 (C-2), 

170, 1, 169.6 (2COCH,). 169.3 (2C, 2cOCH), 166.4, 165.8 2C0Ei), 152.9 (C-5), 105,1 (C-6), 83.1 

(C-I"), 74.8 (C-.-5’), 72.8 (C-3’), 69.9 C-3), 67.2 (C2’), 66.9 C-4’), 62.8, 62.7 (2CH2cB3), 61.1 (C-6’), 

36.6 (C-4), 32.1 (CCOcTh), 20.4, 20.0 (2C0cH3), 20.3 (2C, 2COcH), 13.7, 13.6 (2CH2CH) ppm; 

FABMS nz/z 652 (100, [M+NaV’). Anal. calcd for C271-13Oj4NS: C, 51.50; H, 5.60; M, 2.22; 5, 5.09. 

Found: C, 50.29; H. 5.71; N, 2.64; S 5.47-

3-6. Ge,wral procedure for the reaction of 5 with cyanocarbanio’I$ 

To a stimd solution of 026 mmol of ethyl cyanoacette for 18, phenyithioacetonitrile for 19 and 20, 
yanoacetarnide for 2.1, malononiriie for 2Z or 4 for 2S and 26in 0.75 mL of thy DMF at 30’C and under 
n’ogen,. 0.33 mmoi of NaH (as a suspension in mineral oil) was added. After 5 mm, 5 (0.26 mmol) was 
dropped, as a solution in 0.75 mL of dxy JYMF under nitrogen onto the carbanion. The mixture was stirred 
at 30°C for t1 mm, then 026 mmcl of phenacyl bromide was added and stirred for 12 ruin. The mixture 

S 
was poured into saturated aqueous NH40, extracted with ether (except for the case of 21, which was 
extracted with dichioromethane), washed with water, dried (MgSO4), filtered and evaporated to dryness. 

3.6.1. (E)-Ethyl 
cwrylate 18 

W r1r=1Q ruin. Column chromatography (ethechexane3:1) of the residue gave an amotphous solid 

(150 rag. 93%); [ +15 (c .0); IR 3192, 3063, 2982, 2212, (CN), 1770. 1684 (CO qf phenacyl), 

1-582,1439,1370,1260,1084 and 1032 cur’; 11-NMR (500 MHz, CDC1); 8 1032(d, iH JNE4.i’’7-8, 
NB), 7.98-7.50 (m, 511, Ph), 5.59 (dd, 111, J’’=9.4, 11-1’), 5.35 (t. IH, J2’ J’4’9.4, 11-3). 5.21 (t, 

1E[, F1-2’), 5.09 (t, IN, J4’y=9.4, 11-4’), 4.96, 4,63 (each d, each 1H, 2JH1417.1, C112COPh), 4.23 (dd, IH, J=4.8, 6’.6’b=’2’4, H-6’a), 4,23 (q. 2H, CH2CH), 4.08 (dd, UI, J5’ 6’2.2, H6’b), 3.85 (ddd, ill, 11-5’), 2.09, 2.06 (each s, each 311, 2Ac), 2,04 (s, 611, 

2Ac), 1.30 (1. 3H, CH2CH3) ppm; 3C-NMR (125.7 MUz, CDC13): 6,191 -8  (COPJ’i), 1705, 169.9, 169,8, 169.7, 19.3, 166.3 (4COCFi, CO2Et and C-3)., 1348-128,4 (6C Ph), 117.3 (CN), 82.8 (C-I’), 81.5 (C’2), 73.3 (C-5’), 72.7 (C-3’) 69.9 (C-2’), 68.1 (C-4’), 61.5 (2C, C-6’ and HC113), 42.7 (H2COPh), 20.6, 20.4(2COCH3), 20.5 (2C, 2C0(743), 14.1 (CH2CH) ppm; FABMS m/z 643 (100, lIM+Nar). AnaL calcd for C2H2012N2S: C, 54.19; H, 5.20; N, 4.51. Found: C. 54.63; 14, 5.79; N, 4.47. 3.6.2. . ocr lonitrile 19 and anino,1thiophene 20 t=r30 mm. Co1mn chromatography (ether:hcxane2:1) of the residue gave 19 (56 mg, 33%) and 20 (29 mg, 17%). S. 19: {1 -4 (c 0.3); IRv 3312, 3059, 2953, 2195 (CN), 1746, 1709 (CO of phenacyl), 1549, 1452, 1371, 1227 and 1036 crn; H-NMR (500 MHz, CDC13): 6 8.04-7.08 (m. 1111, NH and 2Ph), 5.4-2 (dd, 114, J’2’9.4, 11-1’), 5.32 (t, 111, J2’s’-Js’4’94, 11-3’), 5.04, 5.00 (each t, each IN, .74..5..9.4, 1.1-2’, 4’), 4.96, 4.48 (each d, each 1H, 2JHH=16.9, CH2COPh), 4.22 (dd, 114, J5’6’4.8, J’’12.4, H-6’a), 4.04 (4d, lii, J$’,6’b=2.2. H-6"b, 3.79 (ddd UI, 14-5’), 2,04, 2.02, 2.01, 1.78 (each s, each 311, 4Ae) ppm; ’3C-NMR (125.7 MHz, CDC13): 6 1923 (CQPh), 170.7, 170.6,

 170.4, 169.7, 04/07/2009 MAR 11:05 # TX/RX 86051 Z 025 
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169.3 (C-3 and 4C0C113), 134.-125.7 (12C, 2Ph), 1192 (CN), 83.3 (C-l’), 792 (C2), 73.0 (C-$’), 

72.4 (C-3’), 69.9 (C-2’), 68.2 (C-4’), 61-5 (C..6’). 42.0 (CH2COPh), 205, 20.4. 20.0, 19.9 (4COCH3) 

i�’p; FAI3MS m/z 679 (100, [M+Naj) Anal. calod for C3IH330rON2S2: C,, 56.61; H, 5.06; N. 4.26; S, 

9.75 Found: C, 56.30; II, 5.02; N, 4.20; S, 9.40. 
20: Fc] �11 (c07); JRv 3322 (NH), 3057, 2918, 2851, 1748, 1460, 1371. 1227 and 1036 cm; 
{.-NMR. (500 MHz, CE)C13): 5 7.76-706 (m, IOH, 2Ph), 6.54 (U, 1H, 3NHY95, NH), 5.29 (t, 1L 

J’=J4’=9,51 H-3’). 5.01 (t, IH, J49.5, R.4’), 4.99 (t, 1H, J’’9.5, H-2’), 4.65 (t, ITT, H-l’), 
4.2.1 (dd, JH, Jç’=S.S, J’,’12.4, H -6’a). 4.08 (dd, 1H, J$’6’=2.3, H-6b), 3.79 (ddd, 111, H-5’) 
.02, 2.00, 1.88, 1.68 (each s, each 3H. 4Ac) ppm; 13C-NMR (125.7 MHz, CDC13): 8 186.1 (COPh) 
70,8, 170.5, 169.8, 1.69.4 (4COCH3), 162.7, 157,8 (2C, thiophene ring), 140.1.-125.7 (12C, 2Ph), 97.8, 

95,1 (2C, thiophene ring, 84.9 (C-l’), 73.1 C-5’), 72.1 (C-3’), 70,4 (C..2’), 683 (C-4’), 6 (C-6’), 
120.4 (2C, 2COCH3), 203, 19.9 (2COcH3) ppm; HREUvIS ri/z obsd 656.1510, caled for CH2OtoN2S2 
656.1498. 

36.3., 3-Ammno.2-be.nzoyl--4--carbwnoyl--5-(2’,3’,4’, 6’-retra-O-acety1-.-D--gIucopyranosyiamino) 
thiophene 21 

iS ruin, r2=30 mm. Column chromatography (dchloronethare:methano140: 1) of the residue gave 
:i (71 mg, 46%) as an amorphous solid which had fix] -58 (c 0.7); JR v 3443 (NH), 3287, 3061, 
2951, 1753, 1657, 1466, 1371, 1225 and 1036 em"; H-NM1R (500 Mhz, CDCI3): 6 8.66 (d, IH, 

NH), 7.69-7.45 (m, 51-1, Ph), 5.75 (s, 2H, NH2), 5.33 (t, 111, J2’3’J314’9.5, H-3’), 5.12 
(t, 1H, i’,2’9-5, H-2’). 5.05 1K J4’,’=9.5, H-4’). 4.66 (t, Hi, 1-1-1’), 4.19 (dd, IH,  
36’2L6’b12�4 H-6’a), 4.09 (dd, IH, Jq6’,=2.2, H-6’b), 378 (ddd, 1H, H-5’), 2.07, 2.04, 2.03, l,7 (each 
s, each 3H, 4Ac) ppm; 13C..NMR (125.7 MHz, CDCI3): 8 187.1 (COPh), 170.4, 170.2, 169.9, 169.3 
(4COCH3), 164.9, 155.9 (2C, thiophene ring), 141.2-427.2 (6C. Pb),1032, 98.8 (2C, thiophene ring), 

5 (C-i’), 73.2 (0-5’), 72.4 (C-3’), 70.6 (C-2’), 68.2 (C-4’), 61.6 (C-6’), 20.5, 20.3 (2C0CH3), 20.4 
(20, 2COC}13) ppm; FABMS /z 614 (100, [M+Na]‘). Anal. calcd for C261-12011N3S: C 5279; H. 
4.94; N, 7.10; S, 5.42. Found: C, 52.64; H. 5.10; N. 6.96; S, 5.84. 

3.6.4. 
.1., 

11=15  mm, 12=10 mm. Coluimi chromatography (ether:hexane6: 1) of the residue gava 22 (136 mg., 
91 %) 

as an amorphous solid which had fix] -103 Cc 0.5); fl. v 3424 (NH), 3302, 3055, 2951, 2212 
(ON), 1753, 1597, 1478, 1371, 1221 and 3,0 crut; 11-1-NMR (500 MHz, CbC1): 5 7.70-7,43 (m, 

5t, Ph), 7J0-6.85 (bs, 2fl, NH2), 6.77 (d, 1H, JNjj9.5, NH), 5.34 (t, 1H. J2rJi,49,5, H3’), 3.07 (t. li-I. J4’9.5, H-4’), 5.03 (t, 1K J’’9.5, 11-2’), 4.77 (t, Iii. 11-1’), 4.24 (dd, IH, J5’=5.2, J’.,,b=12.5, l-1-6"a), 4.12 (dd, 11-1, Jc’6’2. 1, H-6’b), 3.84 (ddd, 1H, H-5’), 2.11,2.04, 2.03, 1.91 (each , each 3H, 4Ac) ppm; C-NMR (125.7 MHz, CDC1): 6 186.5 (COPh), 1714. 170.4, 169.8, 169.3 (4COC11), 164.5, 157.8 (2C, thiophene ring), 140.1-127.1 (6C, Ph), 112.6 (CN), 97.0 (1C, thiophene ring). 8A.4(C-i’), 82.2 (IC, thiophepe ring), 73.0 (C-5’), 72.1 (C-3’), 70.9 (0-2’), 67.9 (C-4’), 61.5 (C-6’), 20.6, 20.4 (2COCH)., 20.5 (2C, 2COCH3) ppm; FABMS ink 596 (100, [M-i-Na1’). Anal. caicd for CH27010N3S: C, 54.44; H, 4,74; N, 7.33; S, 5.59. Found: C, 54.04; H, 4.95; N. 7,29-4 6,5.29.4.6.5. 3R(S) and cetyl-DIucopyraFwS-yUmno)thjophgne 25 and 26 1i2=20 mm. Column chromatography (ethei-hexane=2:1 and 4, 1) of the residue gave 25 (22 rug, 112%) and 26 (40 rug, 22%). 04/07/2009 MAR 11:05 [# TX/RX 86051 1026 
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25: [O] ---135 (c 0.6); 1R vu= 3.395 (NH), 3283, 3063, 2955, 2208 (CN), 1751, 1684, 1613, 1481, 
:1271, 1227 and 1040 cm1; H-NMR (500 MI-lz, CDCI3): S 8.41 (bs. 2H, Mi2), 8.06-7.26 (m, 10R 
2?h), 5.32 (t, 1FI. J2’13’--J3’,4’---9.5, T3’), 5,15 (1,. Hi, J’2’=9.5, H2’), 5.08 (t, 11-1, 4’,s’=� 1-1-4’), 
4.88 (4,, 111, fl-I’), 4.20 (dii, IH, J’5.7, J5’6=I2.3, i-6’a), 4.18 (4. 113, 2J,t18.6. CHHCOPh) 
41.0 ((A 111, 15’6’b=2.2, H-6’b), 3L88 (ii, ZFI, CFIHCOPh), 3.82 (ddd, ifi, fl-5’), 2.04 (s, 61, 2Ac), 
2,03, 1.79 (each s, each 311, 2Ac) ppm; 13C-NMR (125.7 MHz, CDC1): 6 195.5 (CH2COPh), 189.3 
(COPh). 170.5, 170.1, 170.0, 169.5 (4C’OcFf3). 165-4, 162.6, 153.5 (3C, Uiiophcve ring, 140.0-127.0 
(12C, 2Ph), 115.5 (CN), 97.3 (1C, thiophene ring), 89.2 (C-I’), 74.1 (C-S’),. 72.8 (C-31),71,2 (C-2’), 68.5 
(C-4’), 62.1 (C-6’), 48,5 (cJJ2,Pb), 20.8. 20.6, 20.5, 20.4 (4COc14,) ppm; HREIMS in/z obsd 69! J857 
calcd for C343011N3S 691.1836. 

26: [ct] +89.2 (c 0.7); IR vn= 3368 NH), 3298, 3059, 2957, 2185 (CN),. 1759. 1694, 1620, 1481, 
1371, 1229 and 1036 cm; ’H-NMR (500 MRz, CDC] a) 5 836 (bs, 211, N142), 8,04-7.26 (m, IOH, 
2Ph), 5.31 (t, ifi, J’3’J3’4’9.5, H-3’), 520 (t, IH, J’’=9.5, H-2?), 5.12 (t, 111, f4’5’9.5, 13-4’), 
4,71 (d. 1Ff, H-l"), 4.2.5 (dd, 1H, J’’5.1, H..5’ a), 4.24(4, 113, 2JRH1 8.4, CHHCOPh), 4.15 (cld, 113, 

Js’.6b2.2., H-6’b). 3.82 (ddd 113,13-5"), 3.81 (d,, 113, Caffcoph), 2-03,2-01,2-00,1,99 (each s, each 3H. 4Ac) ppm; 13C-NMR (125.7 MHz, CDCJ3): S 194.4 (CH2COPh), 189.0 (COPh), 1�70 170.2, 169.5, 169.44C’OCfl), 166.7. 162,6, 153,6 (3C, thiqpbene ring), 139.8-.-126,9 (12C, 2Ph, 115.0 (CN), 95.5 (1C, thiophene ring), 90.5 (C-l’), 73.7 (C-S’), 73.0 (C-3’), 713 (C-2’), 68,2 (C-4’), 61.9 (C-6’), 48.1 (cN2Ph), 20.9, 20.7 (2CO7R3), 20.6 (2C. 2COH) ppm; mtErMs nl/Z obsd 691.1872, calcd for Cff3301N3S 691-1836, 37, General deacetylaiion method The acetylated product (0.48 mmo[) was dissolved in 6 mL of anhydrous mthano1 at Lt. and 1.0 nnnoi of NaOMe was added with stirring to the solution. The process was controlled by TLC (ether: xaue=5: I and dichloromethane:methano1z=4:1) until total deacyiaiion of the starting material. Alter r mm, the reaction mixue was neubmlized with acid resip Amberiite ]R-120(8), lUte-red and the solvent evaporated under reduced pressure. The following products were prepared in this manner. 3.. 7.1. Diethyl $ n-3L opyranosylaminothiocarbonyt ’nalo,’tare 27 115 mm. 

In this case., the ratio NaOMel6, was three times that of the general method. ’C-NMR (75.4 MHz, DMSO-d,): 5 194.3 (CS), 164.9(2c, 2CO2Ec, 83.6 (C-I’), 79.0 (C-5’), 77.5 (C-3’), 72.4 (C-2’), 69.7 (C-41), 64.8 (CH), 61.6 (2C,, 2C132), 60.5 (C-6’) ppm; MBMS m/z 404(100, [M+NaJ’"). }iRCXMS rn/a obsd 38 L1060, calcd for C14H2309N5+fl 381.1094. 3. 7.2. 28 . t-I5 mill. This compound was not isolated pure. ’3C-NMR (125.7 M137, MeOfl-d4): S 16&6-1624 (C-S. CO2Et), 135.4-126.7 (GC, Ph, 122.2 (C-4), 109.2 C-2), 89,0 (C-I’), 85,4 (C-3). 79.3 (C-5’), 78,9 - (C.-)., 74.8 (C-2’), 71.6 (C4), 62.7 (c-6’), 61.1 (COC’F12CH3) 142 (COCH2GB) ppm; FABMS mlz 432 (100, M+Na]’). 1DCS rmz obsd 410.12921 caled for C19H2307NS+H 410.1273, 3, 7.3. 2CIil phenyl-4-et 29 t20 mm. ’3C-.NMk (125,7 MHz,, MeOfl-d4): 8 166,5, 164.0 (C-S. CO2&), 134.2-126.3 ((IC, Ph), 122,5 (C.4), 109.2 (C-2), 88.9 (C- V), 85.4 (C-3), 79.4, 78.9 (C-3’, 5’), 74.7 (C-2’), 71.5 (C-4’), 62.6, 6 1. 1 (C-6’, COC}32CH3), 14.8 (COCH2CH5) ppm; FABMS nr/z 443 (100, M). HRDCIMS mz obsd 444.089 1, c.akd for CI9FI2207NSC1+H 444.0884. 04/07/2009 MAR 11:05 [# TX/lU 86051 U027 
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3.7.4. 3Arnto2be, 30 

r_10 rnil7. C-NMR (754 tWz, MeOH-4): 6 187.5 (COPh), 171.1 (G02Ei), 166.1, 159;8 (2C, 

Ihophene ring), 1427-121 (6C. Ph), 983, 97.0 (2C, lhiopheue ring), 87.4 (C-I"), 79,4 (C-5’), 785 

(C-3’), 74.5 (c-2’), 711 (C-4), 62.3 (C-6’), 6L8 (cH2CH), 14.6 (cW2CH3) ppni; FABMS n/z 475 

(100, (M4-Na]). BRDC]MS ink obsd 453-1340, calcd for C20H2.308N2S-i-H 453.1331 

3.7.5. 3-4mtnc-2-bzoy1-4-cyano-5-($-tgiucopyranci.$y1amino,)t1iQphene 31 
1a15 mm. C-NMR (75.4 MHz, Me0}1-d4): 6 187.4 (COPIi), 166..9, 1596 (2C, thiophtrne .log), 

142.2-128,1 (6C, Ph), 114.1 (CN), 969 (1C, thiophene ring), 87.6 (C-l"), 80-6 (1C, thiophene ring), 
78.7 (C-3’, 5’). 73.8 (C-.2’), 7l0 (C-4’), 62.3 (C-6’) ppm; FABMS rn/z 422 (100, IM+NaJ). 

HIJJ)CIMS rniz obsd 406. 1099, calcd for CIgth9OGN3S+H 406.1073, 
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I. 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 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 body. Biolsosterism repre-
sents one 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 bioisasterism is often considered to be 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.5 The 
objective of this review is to provide an overview of 
bioisosteres that incorporates sufficient detail to 
enable the reader to understand the concepts being 
delineated. While a few popular examples of the 
successful use of biolsosteres 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 bloisosteric 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 objective of this review was to 
demonstrate the opportunities that one has in em-
ploying bioisosteres 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 basis of evident cor-
relations. To further explain and rationalize the 
biological activity observed with nonclassical bioiso-
steric groups, the observed 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.4r 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 boisosteres have en-
hanced the potential for the successful development 
of new clinical agents. 

The bloisosteric 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 N2 
and CO, N20 and CO2, and N3" and NCO 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, F, Ne, Na’, Mg, A1 
3 S, Cl-, At’, K", Ca 2+ 
4 Cu2, Zn 
I 
8 N31 CO. CN 
9 CH4,NH 
10 CO2, N20, Ni-, CNO-

I I 
20 Mn04, Cr042’ 
21 Se04, As043’ 

Patani and LaVoie 

arrangement of electrons. He further defined other 
relationships in a similar manner. Argon was viewed 
as an isostere of K+ ion and methane as an isostere 
of NH4" ion. He deduced, therefore, that K" ions and 
NH4’ ions must be similar because argon and meth-
ane are very similar in physical properties. The 
biological similarity of molecules such as CO2 and 
N20 was later coincidentally acknowledged as both 
compounds were capable of acting as reversible 
anesthetics to the slime mold Physarum polyceph-
alum.8 

A further extension to this concept of isosteres 
came about in 1925 with Grimm’s Hydride Displace-
ment Law.9"0 This law states: ’Atoms anywhere 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 pseudoatoms, 
which are similar to elements in the groups one to 
four places respectively, to their right." Each vertical 
column as illustrated in Table 2, according to Grimm, 
would represent a group of isosteres. 
Table 2. Grimm’s Hydride Displacement Law 

C N 0 F Ne Na 
CH NH OH FH 

CU2 NH2 OH2 FH2" 

CH3 NH3 OH 3+ 
CT-1, NH4 

Erlenmeyer’1 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 7 8 

N P S Cl ClU 
As Sc Br BrI I 
Sb Te I Ill As" P1-I Si-I SI-I3 SW P112 12112 

The widespread application of the concept of iso-
sterism to modify biological activity has given rise 
to the term bloisostenism. As initially defined by 
Friedman,’ bioisosteres were to include all atoms and 
molecules 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 "Corn-
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 bioisosteres 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 replacements 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 5a-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 5a-reductases, namely type I and 
type IL 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-(l .1-
dimethylethyl)-3-oxo-4-androsten- 1 7fl-carhoxamide 
analogues (29, Figure 20) with hydroxy, thiol, chlo-
rine, or brorno substituents at the 4-position were 
evaluated and found to show intermediate inhibitory 
activity on human type II 5a-reductase activity.41 
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 chioro substi-
tuted compounds. 

Figure 20. 

Table 16. In Vitro Inhibition of Human Type II 
So-Reductase of 4-Substituted N(1,1-
Dlmethyletbyl)-3-oxo-4-androstene-1 7fi-carboxamides 

effective 
van der Waal’s elcctro- IC 

compound R radii" (A) negativity" nM) 
29a OH 153 3.51 1.72 
29b Cl 1,73 3.00 192 
29c SH 1130 2.32 437 
29d 13r 1.86 2,80 381 

ICu values represent the concentration of compounds 
required to inhibit. 50L-reductase activity by 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; CC, CN, CO3 

and CS. Arid (2) those divalent Isosteres where 
substitution of a different atom results in the alter-
ation of two single bonds such as in the series; 
CCC, C�N}1�C, C-0�C, and C�S--C. Both of 
these types of biolsosteric 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 subclass includes replacements such as CS, 

C’O, CNH, and CC. As we have already dis-
cussed in the earlier sections, 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 
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such analogues as divalent bioisosteres requires the 
absence of a mobile proton which can migrate within 
the ring system. 

The replacement of CS with CO in Toirestat 
(30a, Figure 21), an aldose reductase inhibitor cur-
rently tinder study in human subjects for the treat-
ment of diabetic neuropathy, resulted in oxo-Toirestat 
(30b), which retained activity both in vitro and in 
viva (Table 17).42 

Figure 21. 

Table 17, Aldose Reductase Inhibitory Activity of 
Toirestat and Oxo-Toirestat 

alciose rcductnjs Inhibition 

compound X in vlinf’ In idvti’ 

30a S 94 53 
SOb 0 86 56 

Inhibition of enzyme activity in partially purified bovine 
lens preparation. 11 Inhibition at galactitol accumulation in the 
sciatic nerves of rats red 20% galactose for 4 clays. 

Another illustration of the use of this class of 
divalent isosteres is with certain novel puri.ne nucleo-
side analogues (31, Figure 22) that were tested in 
viva for antiviral activity against Semliki Forest virus 
(SFV) infection in a mouse model. 43 Table 18 outlines 
the percentage of mice that survived for 21 days for 
the various biolsosteric analogues compared to the 
absence of any survivors in control infected mice. 
Replacement of the sulfur atom at C-8 with the 
oxygen or selenium atom, another well-known diva-
lent isosteric replacement, resulted in weaker activity 
relative to the thio analogue. 

Figure 22. 

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

compound X % total survivors 

31a S 83(10/12) 
Sib 0 67(8/12) 
31c Se 58(7/12) 

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 bioiso-
steres are attached to two different substituents, the 
chemical and polar differences are less pronounced. 
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Figure 30. 

Table 23. In Vitro and ex Vivo Inhibition of Lipid 
Autooxidatlon In Mouse Heart Homogenate 

in vitro ex vivcj’ 

compound X IC-50 uMl JDs uM/k& 1050/1D50 

45a �N(CH 19 11 1.7 
45b �P(CH33 10 8 1.3 
45c �S(CH3)2 7 6 13 

Concentration that inhibits thiobarbituric acid reactive 
substances (TEARS) formation by 50%. "Dusc that inhibits 
TEARS formation by 50% 1 Ii after se administration. 

E Ring Equivalents 
Ring equivalent bioisosteres represent the final 

subclass of classical bioisosteres that will be re-
viewed. Classical isosteric substitutions when ap-
plied within ring systems result in different hetero-
cyclie analogues which can be effective bioisosteres. 
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 replacement resulted in the potent antihista-
mine mepyrarnine (47, Figure 31) which evolved by 
the replacement of the phenyl moiety in antegran 
(46) by a pyridyl group. 

04r-CH,--N(d113)2 

46 X  CH, R=R Antergsn 

47 X = N t. OCH, Mrpyumui 

Figure 31. 

Substitution of benzene by pyridine also improved 
activity in the tricyclic antihistamines [promethazine 
(48a) and isothipendyl (dSb)J and neuroleptics [pro-
inazine 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 bioisosteres will be divided 
into (1) divalent ring equivalents and (2) trivalent 
ring equivalents. 

48a Y cH2CH(C1t)N(CF13)2 X CH 

4*h ’1 = cn2cH(c}I3)N(c1i)2 X N 

48C V = C62C}l2042N(CO2 V cii 

aa V = cFI2ci12dn2N(cH3), X N 

Figure 32. 

1. bivalent Ring Equivalents 
Some of these heterocyclic rings obtained by the 

replacement of a heteroatom within different ring 
systems will be discussed among the nonclassical 
category of bloisosteres on the basis of their ability 
to mimic the spatial conformation of certain other 
functional groups. 

Patani and LaVoie 

A copper-containing Inonooxygenase, doparnine 
f3-hydroxylase, present in a variety of mammalian 
tissues, catalyses the benzylic hydroxylation of dopa-
mine. Since dopamine $-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 vivo. Isosteric 
divalent ring replacements as obtained from Grimm’s 
Hydride Displacement Law (Table 2) resulted in 
retention of activity within a series of indane deriva-
tives (49, Figure 33) evaluated as inhibitors of 
dopamine 8-hydroxylase53 (Table 24) 

CH.O’X 
49 

Figure 33. 

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

compound X K, (mM)" 

49a �Cl-I2� LIZ 
49b �0-- 0.65 
49c �NH� 0,4 

Apparent binding constant Ki estimated by plotting l/ki 
as a function of 1/Ill. 

The applicability of divalent ring-equivalent iso-
stores 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, amrinone54 (50) 
and milririone55 (51) (Figure 34). It is known that 
the positive vasodilatory actions of arnrinone and 
milrinone are related to the inhibition of adenosine 
3’,S’-cyclic phosphate phosphodiesterase 111 (cAMP 
PDE HI). 

During SAR studies on amririone (50), it was 
observed that a free amino group was not necessary 
for in vitro cAMP PDE III activity.56 This prompted 
the design and synthesis of analogues with general 
structure 52.,57 Table 25 summarizes the in vitro 
cAMP PDE III activity of the divalent ring-equivalent 

N N 
NH? CN "aNa 

nN 0 

x 

50 51 52 

Figure 34. 

Table 25. In Vitro cAMP PDE III Activity of 
Ring-Equivalent Btoisosteres of 
5-(4-Pyridinyl)benzoxazol-2(3I-one 

cAMP PDE III 
compound X lC0 (uM)" 

50 amrinone 28 
51 rnilrinone 0.36 
52a �0-- 9.8 
5Th �CI 12� 5.3 
52c �NH� 13 
52d �5-- 0.54 

"Concentration required to cause 50% inhibition of cAMP 
PDE Iii in vitro. 
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2. Anâlisis de la  Prioridad 

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

3. Objeto de la invención 

� TItulo de la solicitud: "NUEVOS DERIVADOS DE GLICOSIDO DE TIOFENO, 
METODOS PARA LA PREPARACIÔN DE LOS MISMOS, MEDICAMENTOS QUE 
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El objeto de la presente solicitud de patente de invenciOn consiste en obtener 
compuestos glicOsidos de tiofeno para el tratamiento de la diabetes de fOrmula I: 



HO 

ON 
R4 

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

Para solucionar este problema tØcnico la solicitud en estudio, el solicitante proporciona 
compuestos segün formula general I. 

� Clasificación Internaciorial de Patentes (IPC.): C07H7/00; A61K31/7042; 
A61K31/7048 

4. Determinación del Estado do la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 

� Fecha de presentaciOn de la solicitud prioritaria: 11 de Julio de 2002 

Considerando que la fecha de presentaciÆn 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 tØcnica relacionados, que pueden afectar la patentabilidad del objeto de la 
presente solicitud: 

NT Documento Titulo Fecha de 
publicacon 

’Na-Glucose transporter 
inhibitors as antidiabetics. I. 

Chem Phar. Bull 44 (6) Synthesis and 
D2 1174-1180 (1996), Kenji Pharmacological properties 1996 

Tsujihara et a! of 4’-dehydroxyphlorizin 
derivatives base don a new 

concept"  

Chem.Rev,1996, 96, 3147 Bioisosterism: a Rational 
03 3176 Approach in Drug Design 1996 

5. AnÆlisis de patentabilidad (artIculo 14 D486) 

Nivel inventivo (articulol 8 D486) 

1) Respecto a la solicitud en estudio: 

La reivindicaciôn 1 se refiere a un compuesto de fOrmula (I): 

HO 

(I) 

HO 

R2 
RA 

2) Respecto al estado de (a TØcnica: 

D2 ensena previamente compuestos derivados de la florizina para el tratamiento de la 
diabetes con la siguiente estructura (Ver pagina 1174): 
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Al realizar los reemplazos en la solicitud presentada cuando R1 y R2son hidroxi, A es 
-(C=O)CH2CH2 (Ver ejemplos 1 -6-folio 79) y Cyci es fenilo sustituido por R4 yes �OH, 

se obtiene la siguiente estructura: 
HO 

0 

OH 

OH Solicitud presentada 

03 enseæa previamente el empleo del bioisoterismo, el cual es usado para la modificación 
racional de compuestos lideres en agentes mÆs seguros y clInicamente efectivos (Ver 
pÆgina 3147) 

En la tabla 2, por ejemplo D3 (Ver columna 2, pÆgina 3148) enseæa los isôsteros del 
oxigeno, los cuales pueden ser NH y CH2 

TambiØn divulga D3 la clasificación de los isósteros divalentes en dos subgrupos (Ver 
columna 1, pÆgina 3155) 

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

2) Los isôsteros divalentes donde la sustitución de un Ætomo diferente resulta en la 
alteraciôn de los enlaces sencillos como son las series; C-C-C,C-NH-C,C-O-C y C-
S-C 

Para las equivalencias de los anillos, D3 (Ver columna 1, pÆgina 3158) enseæa el uso de 
los bioisósteros clÆsicos tales coma benceno, tiofeno y piridina resultando en Ia retenciôn 
de la actividad dentro de series diferentes de los agentes farmacológicos. 

3) Estado de la TØcnica mÆs cercano: D2 

La diferencia de la solicitud presentada con 02 es la presencia del anillo tiofeno en vez de 
un arilo y la presencia de grupos hidroxilo en el tiofeno. 

En 02, por 10 tanto ya se encontraba sugerida la estructura qulmica de un glicôsido y dos 
anillos aromÆticos. 

El solicitante varla los diferentes sustituyentes encontrados en el campo de la qulmica 
orgânica en la molØcula empleando el concepto de bioisosteria (D3): 



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

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

El Problema TØcnico Objetivo fundamental el cual es "obtener compuestos glicósidos 
del tiofeno para el tratamiento de la diabetes", serla fÆcilmente resuelto par el experta 
en la materia con las anterioridades encontradas, pues es evidente que con el documento 
D2 y 03 se obtendran los compuestos de la solicitud presentada come compuestos 
alternos frente a los ya conocidos, realizando las modificaciones al grupo farmacofôrico ya 
conocido, par Ia tanto carece de nivel inventive. 

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

S 6. Conclusion: 

Los reauisitos de oatentabilidad de la eresente solicitud se encuentran afectados asI: 

N Documento N° ken ones 
afectadas Requisito que afecta 

Chem Phar. Bull 44 

D2 (6) 1174-1180 1-7 Nivel Inventiva (1996), Kenji 
Tsujihara et al  

03 
Chem.Rev,1996, 17 Nivel Inventivo 

96, 3147-3176 
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RESPUESTA AL EXAMEN DE FONDO 

Yo, Luis Patio Leyva, identificado como aparece al pie de mi firma, atentamente 

me permito presentar respuesta al oficio No. 6954 notificado por fijación en lista 

del 19 de junia de 2009, en los siguientes tØrminos: 

NiveI inventivo 

Ese Despacho considera que la presente solicitud carece de nivel inventivo frente 

a los documentos D2 (Na+-glucose cotrans porter inhibitors as antidiabetics. I. 

Synthesis and Pharmacological properties of 4 -deh ydroxyphlorizin derivatives 

based on a new concept) y D3 (Bioisosterism: a rational Approach in Drug 

Design), porque la Onica 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 

enseæanzas de D3 y no evidencia un efecto tØcnico superior para los compuestos 

reivindicados. 



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

formula 1 se han limitado a -0H2- y, se ha eliminado Ia reivindicacióri  3� 

La limitaciOn mencionada hace ain mÆs notoria la diferencia de estructura 

quImica de los compuestos de Ia invención cuando se comparan con los 

derivados de Phiorizina. De tal manera que el enlazante A es totalmente 

diferente at elemento correspondiente en la Phlorizino y la estructura mostrada 

01 et oficio No. 6954 cuando A es -(0=0) CH2CH2 no es’tô contemplada en las 

nuevas reivindicaciones. 

La limitación de A a CH2 no es anticipada por las enseæanzas del documento D3 

sobre bloisosterismo y es claramente una nueva definición de una close de 

comuestos que nohabla sido divukada ni suaerida en los documentos citados 

Is como estado del arfe. AsI enfonces, no existe en el estado de la tØcnica en su 

conjunto ninguna indicación que Ileve al tØcnico medlo a modificar o adaptor el 

estado de la tØcnica mÆs cercano (D2) de tal manera que se Ilegue a las 

definiciones dodos en las nuevas reivindicaciones. 

En cuanto al efecto superior e inesperado de los compuestos reivindicados frente 

a los divulgados por D2 (Phiorizina), hago referenda a los argumenfos 

presentados en la respuesfa al anterior oficlo de fondo en donde demostrØ que 

los compuestos de la invención son inhibidores selectivos de SGLT2, mientras que 

D2 no hace alusk5n a la discriminaciôn SGLI1/ SGLT2. La inhibición selectiva del 

transportador de protemna SGLT2 tiene Ia ventaja de evitar los efectos laterales � 

que estÆn relacionados a la inhibición de SGLT1 en el intestino delgado. A este 

respecto, el documento W001/27128, en el Ciltimo pÆrrafo de su pÆgina 4, hace 

Ønfasis en que la Phiorizina no es atractiva como un medicamento de 

administración oral. TambiØn afirma que la inhibiciôn de SGLT1 estÆ relacionada 

con un deterioro en Ia captación de glucosa en el intestino, diarrea y 

deshidrataciôn. 

Ahora, los siguientes resultados comparativos que tambiØn presenfØ ante su 

Despacho en lo respuesta at oficlo anterior, 

Phiorizina Ejemplo 7 

SGLI1 0,27jtM 26,3 1M 

SGLT2 0,068 pM 0,011 jtM 



evidencian que los compuestos de la invención si tienen un efecto surerior e 

inesperodo sabre la Phiorizina (documento D2) que es un inhibidor de SGLT1 /2 no 

selectivo en comparaciÆn con el comuesto del eiemQlo 7 de la presente 

invención, el cual evita los efectos laterales relacionados con la inhibición de 

SGLTI en el intestino delgado. 

En este orden de ideas, la presente solicitud tal y como se modificô tiene altura 

inventiva par cuanto ninguno de los documentos citados enseæa a sugiere la 

estructura reivindicada para los compuestos ni tampoco presentan indicación 

alguna que Ileve al tØcnico media a modificar la estructura de los compuestos de 

la anterioridad D2 con el objeto de lograr los compuestos reivindicados que 

canstituyen una solución al problema tØcnico planfeada sabre la necesidad de 

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

Tenienda en cuenta los argumentos expresados arriba, respetuosamente solicito, 

se conceda el tItulo de patente a la presente invención puesta que Ia misma 

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

ANEXOS 
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Recibo de pago par modificaciones 

Formularia para madificaciones 

Seæora Jefe, 

Luis Patiæo Leyva 
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Calle 94A No. 7A -09 
TelØfonos: 7560770 
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REIVINDICACIONES MODIFICADAS 

1. Un compuesto de formula I 

I-In 

HO 

HO oY< 
n 

Cyc2 
R4 

Ri es hidrOgeno, CF3, alquilo(Cj-C4), fenilo, 

R2 es hidrógeno, 

A es -CH2-; 

n es el nümero 2 0 3; 

Cyci es fenilo o tienilo; 

R3, R4, R5 son hidrOgeno, F, Cl, I, NO2, OH, CN, alquilo(C1-C6), alcoxi(C1-C8), 0-
CH2-feriilo, OCF3, S-CH3, COOH, o bien 

R3 
y 

R4 son conjuntamente -CH=CH-O-, 0-(CH2)p-O-, con 
p = 

1 0 2, -0CF20-, 

-CH=CH-CH=CH-, 
y 

R5 es hidrOgeno. 

y 

sus sales farm acØuticamente aceptables. 

2. Un compuesto de formula I segUn la reivindicaciOn 1, en el cual A estâ unido al 

anillo de tienilo en la posiciOn 2. 

3, Un compuesto de fOrmula I segün las reivindicaciones 1 o 2, en el cual 

Cyci es fenilo. 



--

4. Un compuesto de formula I segUn las reivindicaciones 1 a 4, en el cual 

Cyci es tienilo. 

5. Un compuesto de fOrmula I segün las reivindicaciones 1 a 5, en el cual 

Cyci estÆ monosustituido. 

6. Un medicamento que contiene uno o mÆs de los compuestos segün una o mâs 

de las reivindicaciones 1 a 5. 
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Howava.r the two transporters do vary in their ttr4L0 

;c2L1oitjes for sugars such as galactose,which is a 

ibLcLe rL)L- .CtTi only. 

Administration of phiorizin, a specific i.hlhltor of 

SGli activity, provided proof of concept Lz vjvo by 

crortoing glucose e>cretio’n, lowering fasting and fed 

g1coe, and prorrotincj yl cure utilization  

hvpc;glycemic

 

5jde effects in several diabetic rodent 

models and in one canine diabetes model. No advrss 

.0 etfects on plasma ion balance, renal function or ren:-O, 

rtiay hc been

 

am e ce ce cf 

orizin treatment

 

for as long as two weeks. n 

cdditiO, no hypoglycemic or other adverseeffects hov’ 

been observed when phioriz.th is adn.inistered to normal 

1D animals, despite the presence of glycosuia, 

on of an inhibitor of renal SGLTa for a -

month period (Tanabe Seiyaku) was reported to :i mprovo 

and fed 
plasma glucose, improve insulin secriort 

and 
utilization in obese NIDDM rat models, and offset the 

20 development of nephropathy and neuropatby in the abuc 

of: hypoglycemic or renal side effects. 

loriin

 

itself is unattrctrve as an cml drug 

r’ it is a nonspecific SGLT1/SLT2 inhibitor that to 

t.:vdreiyzed in the gut to its giycone phioretin, wh h Ls 

o potent inhibitor of ciiitted glucose tmurnrperi - Concurrent inhibition of facilitative glucose transporters (GLUTs) is undesirable since such irihiLna would he predicted to exacerbate peripheral insulin res::stance as well as promote hypoglycemia in the CNS. 30 Inhibi could also have serious adverse consequences as is illustrated by the hereditary syndrome gluoose/galactoa malbsorption (GM), in which mutatn.o J’- the SGLT1 cotransporter resu1 t In impaired glucose in, thr intCstin, and35  ljIo tl tnLr (1Jrfl and dehydaL.:Lcn. T1TI –ochemical differences between -4--09/0.1/2009 MAR 03: 3s 17 TX/RX zn6 II/f, Oi 
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Test Example 1 

Assay for inhibitory affect on human SGLT2 activity 

5 1) Construction of the plasmid vector expressing human SGLT2 

[0064] Preparation of the eDNA library for PCR amplification was performed by reverse transcription of a total RNA 
deprived from human kidney (Ori gene) with oligo 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-

10 ase (Slratagene)-used PCR reaction, in which the human kidney cDNA library described above was used as the tern-
plato and the following oligo nuclootides 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 (Invitrogen), a vector for cloning, 

according to standard method of the kit. The competent cell, Escherichia cell H131 01 (Toyobo), was transformed ac-
cording to usual method and then selection of the transformants was performed on the LB agar medium containing 50 

is t.oImL of kanamycin. After plasmid DNA was extracted and purified from the one of the transformants, amplifying of 
the DNA fragment coding for human SGLT2 was performed by the Pfu DNA Polymerase (Stratagene)-used PCR re-
action, in Which the following oligo nuclotides 0714F and 0715R, presented as Sequence Numbers 3 and 4 respec-
tively. were used as the primers. The amplified DNA fragment was digested with restriction enzymes, Xho I and Hind 
Ill, and then purified with Wizard Purification System (Promega). This purified DNA fragment was inserted at the cor-

. 20 responding restriction enzyme sites of pcDNA3.1 (-) MycJHisA (Invitrogen), a vector for expressing of fusion protein. 
The competent cell, Escherichia cell HB1 01 (Toyobo), was transformed according to usual method and then selection 
of the transformant was performed on the LB agar medium containing 100 g/mL of ampicillin. After the plasmid DNA 
was 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 

25 the iseleucine-433 was substituted by GTC) compared with the human ’SGLT2 reported by Wells otai’(Arn. J. Physiol., 
Vol. 263. pp. 459-465 (1992)). Sequentially, e clone in which valine is substituted for isoleucine-433 was obtained. This 
plasmid Vector expressing human SGLT2 in which the peptide presented as Sequence Numbor5 is fused to the carboxyl 
terminal elanine residue was designated KL29. 

30 

Sequence Number 1. ATGGAGGAGCAC2.CAGAGGC 

Sequence Number 2 GGCATAGAAGCCCCAGAGGA 
35 

Sequence Number 3 AACCTCGAGAPGGAGGAGCACACAGAGGC 

40 
Sequence Number 4 MCAAGCTGGCATAGAAGCCCCAGAGGA 

45 

Sequence Number 5 I(LGPQI(LISEDLNSAVDI*rnHHH 

2) Preparation of the calls expressing transiently human SGLT2 

[0065] KL29, the plasmid coding human SGLT2, was transfected into COS-7 cells (RIKEN CELL BANK RCB0539) 
by electro po ration, Electroporation was performed with GENE PULSER II (Blo-Rad Laboratories) under the condition: 
0,290 kV, 975 .t.F, 2 x 10 cells of COS-7 cell and 20 .cg of KL29 in 600 HL of OPT[-MEM I 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 OPT]-MEM I medium (lmLleuvette), To each well in 96-wells plate, 125 .LL of this cell suspension 
was added, After overnight culture at 37"C under 5% CO2. 125 gL of DMEM medium (Gibco-BRL: LIFE TECHNOL-

55 OGI ES) which is containing 10% of fetal bovineserum (Sanko Jyunyaku), 100 units/mL sodium penicillin G (Gibco-BRL: 
LIFE TECHNOLOGIES), 100 iig/mL streptomycin sulfate (Gibco-BRL: LIFE TECHNOLOGIES) was added to each 
well. After a culture Until the following day, these cells were used for measurement of the inhibitory activity against the 
uptake of m ethyl -cc-D-glucopyranoside, 

16 
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3) Measurement of the inhibitory activity against the uptake of methylx-D-glucopyranoside 

[0066] After removal of the medium of the COS -7 cells expressing transiently human SGLT2, to each well 200 L of 
the pretreatment buffer (a pH 7.4 buffer containing 140mM choline chloride, 2 mM potassium chloride, 1 mM calcium 

S chloride, 1 mM magnesium chloride, 10 mM 2-[4-(2-ydroxyethyl)-1-piperazinyl]etharte sulfonic acid and 5 mM tris 
(hydrcxymethyl)aminomethane) was added and the cells were incubated 37°C for 10 minutes. The pretreatment buffer 
was removed and 200 jiL of the same buffer was added again, and then the cells wore incubated 37°C for 10 minutes. 
Seven iL of methyl -a-D-(U1 4C)glucopyranosida (Amersham Pharmacia Biotech) was added to 525 ILL of the buffer 
for uptake containing test sample (a pH 7.4 buffer containing 140 mM sodium chloride, 2  m potassium chloride, 1 

10 mM calcium chloride, 1 mM magnesium chloride, 5 mM m ethyl -c-D-gluco-pyranoside, 10 mM 2-[4-(2-hydroxyethyi)-
1 piperazinyl1ethane sulfonic acid and 5  m tris(hydroxymethyl)aminomethane), and this mixture was mixed, and then 
the buffer for measurement of uptake was prepared. For the control, the butter 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 
formeasurement of the basal uptake, which contains 140 mM cholinc chloride in place of sodium chloride, was prepared 

15 similarly. Afterthe pretreatment buffer was removed, 75 p.L of the buffer for moasurement of uptake was added to each 
well, the cells were incubated at 37°C for 2 hours, After the buffer for measurement of uptake was removed, 200 ILL 
of the washing buffer (a pH 7.4 buffer containing 140 mM choline chloride, 2 mM potassium chloride, 1 mM calcium 
chloride, I mM magnesium chloride, 10 mM methyla-D-gluco-pyranosida, 10 mM 2-[4-(2-hydroxyethyl)-1 -piperazinylj 
ethane sulfonic acid and 5 mM tris(hydroxymethyl)aminomethane) was added to each well and immediately removed. 

. 20 After two additional washing, the cells were solubilized by addition of 75 iL of 0.2 N sodium hydroxide to each well. 
After the cell lysates were transferred to the PicoPlate (Packard) and 150 pL 01 MicroScint-40 (Packard) was added 
to each well, the radioactivity was measured with mieroplate scintillation counter Topcount (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 (IC50 value) were calculated from the concentration -inhibition 

25 curve by least square method. The results are shown in the following Table 1. 

30 

35 

40 

45 

Test Example 2 

[Table I] 

Test compound 

Example 1 

IC50 value (nM) 

350 

Example 2 450 

Example 3 140 

Example 4 500 

Example 5 330 

Example 6 370 

Example 7 140 

Example 8 8.1 

Example 9 27 

Example 10 210 

Example II 75 

Example 12 110 

50 Assay for the faciUtatory effect on urinary glucose excretion 

[0067] As experimental animal, overnight fasted SD rats (St-C., male, 7 weeks of age, 180-240 g) were used. Ten 
mg of test compound was suspended or dissolved in 300 ltL of ethanol and then dissolved by adding of 1.2 mL of 
polyethylene glycol 400 and 1.5 mL of saline, and then 3.3 mg/mL solution was prepared. Three hundred iL of this 

55 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 mL/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 mLlkg. Immediately 

17 
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after intravenous injection to the tail vein, 200 g/L of glucose solution was orally administered to the rats at the dose 

of 10 mLikg (2 g/kg). The intravenous injection to the tail vein was performed with 26 C injection needle and I 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 performed 
in 

metabolic cage after the oral administration of glucose was 
5 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 glucose concentration was measured. 
The glucose concentration was measured with a kit for laboratory test: Glucose B-Test WAKO (Wake Pure Chemical 
Industries, Ltd.). The amount of urinary glucose excretion in 24 hours per 200 g of body weight was calculated from 
urine volume, urinary glucose concentration and body weight. The results are shown in the Following Table 2. 

10 

[Table 21 

15 

Test compound Amount of urinary glucose excretion (mg) 

Example 1 27.4 

Example 7 109.1 

Example 8 

Example 10 

238.9 

69.5 

20 Test Example 3 

Acute toxicity 

[0068] Pive weeks old male ICR mice (CLEA JAPAN, INC. 29-34 g, 5 animals in each group) were fasted for 4 hours, 
25 and 666 mg(mL of a suspension which was prepared by adding saline: polyethylene glycol 400:ethanol (5:4:1) to 

2-[4-(2-hydroxy-ethyl)benzyl(phenyl j-D-gIucopyranoside (the compound described in Example 10) was subcutane-
ously administered at the dose of 3 mL/kg (2000 mg/kg). No death was observed until 24 hours after the administration. 

Industrial Applicability 
30 

[0069] The glucopyranosyloxyben2ylbenzene derivatives represented by the above general formula([) 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 addition, since compounds represented 
by the above general formula (II) are important as intermediates in the production of the compounds represented by 

35 the above general formula (I), the compounds represented by the above general formula (I) of the present invention 
can be readily prepared via Such compounds. 

40 
Claims 

1. A glucopyranosyloxyberizylbenzene derivative represented by the general formula: 

45 
IN,R2 

50 014 

wherein R1 represents a hydrogen atom or a hydroxy(lower alkyl) group; and B2 represents a lower alkyl group, 
a lower alkoxy group, a lower alkylthio group, a hydroxy(lower alkyl) group, a hydroxy(lower alkoxy) group, a 

55 hydroxy(lower alkylthio) group, a lower alkoxy-substituted (lower alkyl) group, a lower alkoxy-substituted (lower 
alkoxy) group or a lower alkoxy-substituted (lower alkylinlo) group, or a pharmaceutically acceptable salt thereof. 

18 
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a) 

HO 

OH 
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2) Preparation of the cells expressing transiently human SGLT2 

[0103) K29, the plasmid expressing human SGLT2, was transfected into COS-7 cells (RIKEN CELL BANK 
RCB0539) by electroporation. Electroporation was performed with GENE PULSER II (Bio-Rad Laboratories) underthe 

5 condition: 0.290 kV. 975 iF, 2 xl o cells of COS -7 cell and 20 ig of KL29 in 500 i.tL of OPT[ -M EM I medium (Gibco-BRL: 
LIFF. TECHNOlOGIES) in the 0.4 cm type cuvette. After the gene transfer, the cells were harvested by centrifugation 
and resuspended with OPTI-M EM I medium (lmLlcuvette). To each well in 98-wells plato, 125 iL of this cell suspension 

was added. After overnight culture at 31C under 5 % CO2, 125 iL of DMEM medium which is containing 10 % of 
fetal bovine serum (Sanko Jyunyaku), 100 units/mL sadium penicillin G (Gibco-BRL: LIFE TECHNOLOGIES), 100 g/ 

10 mL streptomycin sulfate (Gibco-BRL: LIFE TECHNOLOGIES) was added to each well. These cells were cultured until 
the next day and then they were used for the measurement of the inhibitory activity against the uptake of methyl-cz-D-
glucopyrenoside. 

3) Measurement of the inhibitory activity against the uptake of methyl-a-D-glucopyranoside 
15 

[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  m potassium chloride, 1 mM calcium chloride, 1 mM magnesium chloride, 5 
mM methyl-cl-D-glucopyranoside, 10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl)ethane sulfonic acid and 5 mM tris(hy-
droxyrnethyl)aminomethane), each diluent was used as test sample for measurement of the inhibitory activity. After 

. 20 removal of the medium of the COS7 cells expressing transiently human SGLT2, to each well 200 FL of the pretreatment 
buffer (a pH 7.4 buffer containing 140 mM choline chloride, 2 mM potassium chloride, 1 mM calcium chloride, 1 mM 
magnesium chloride. 10 mM 2-4-(2-hydroxyethyl)-1 -piparazinyl)cthane 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 F of the same buffer was added again, and the cells were incubated at 37 ’C for 10 minutes. The buffer 

25 for measurement was prepared by adding of 7 FL of methylz-D-(U-14C)glucopyranoside(Amersham Pharmacia Bio-
tech) to 525 itL of the prepared test sample. For the control, the buffer for measurement without test compound was 
prepared. For estimate of the basal uptake in the absence of test compound and sodium, the buffer for measurement 
of the basal uptake, which contains 140 mM choline chloride in place of sodium chloride, was prepared similarly. After 
the pretreatment buffer was removed, 75 tL of the each butler for measurement was added to each well, the cells 

30 were incubated at 37 C for 2 hours. After the buffer for measurement was removed, 200 FL of the washing buffer (a 
pH 7.4 buffer containing 140 mM choline chloride, 2  m potassium chloride, 1 mM calcium chloride, 1 mM magnesium 
chloride, 10 mM methyl-cl-D-glucopyranoside, 10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyljetherte sulfonic acid and 5 
mM tris(hydroxymethyl)aminomethane)was added to each well and immediately removed. After two additional wash-
ings, the cells were solubilized by addition of 75 iL of 0.2 N sodium hydroxide to each well, Afterthe cell lysates were 

35 transferred to the PicoP late (Packard) and 150 FL of MicroScint-40 (Packard) was added to each well, the radioactivity 
was measured with microplate scintillation counterTopcount (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 (ICo) were calculated from the concentration -inhibition curve by least square method. 
The results are shown in the following Table 1. 

40 

45 

50 

55 

[Table 1] 

Test compound 

Example 35 

1050 value (nM) 

181 

Example 36 441 

Example 31 346 

Example 38 702 

Example 39 185 

Example 43 84 

Example 44 

Example 45 

509 

441 

Example 46 679 

Example 48 415 

23 
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Claims 

1. A glucopyranosyloxypyrazole derivative represented by the general formula: 

whorein R1 represents a hydrogen atom or a lower alkyl group; ono of Q1 and T1 represents a group represented 
by the formula: 

15 

20 HO  YI"’OH 

w  

while the other represents a lower alkyl group or a halo(lower alkyl) group; R2 represents a hydrogen atom, a lower 
alkyl group, a lower alkoxy group, a lower alkylthio group, a halo(lower alkyl) group or a halogen atom, or a phar-

25 maceutically acceptable salt thereof. 

2. A glucopyrariosyloxypyrazole derivative as claimed in claim 1, roprosonted by the general formula: 

30 

NN 

3511 

wherein R11 represents a hydrogen atom or a straight-chained or branched alkyl group having 1 t 3 carbon atoms; 
one of Q11 and T1 represents a group represented by the formula: 

40 

HVr- 0� 
O  

45 OH 

while the other represents a straight-chained or branched alkyl group having Ito 3 carbon atoms; and k21 repre-
sents a straight-chained or branched alkyl group having Ito 4 carbon atoms, a straight-chained or branched alkoxy 

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

55 

3. A glucopyranosyloxypyrazole derivative as claimed in claim I, represented by the general formula: 

26 
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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 fi-con a physiological disorder. A lead compound 
with a desired pharinaco logical activity may have 
associated with it undesirable side effects, charac-
tcristics that limit its bioavailability, or structural 
features which adversely influence its metabolism 
and excretion from the body. Bioisosterism repre-
sents one 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 biolsosterism is often considered to be 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.25 The 
objective of this review is to provide an overview of 
biolsosteres 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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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 
DIRECCION DE NUEVAS CREACIONES 

2020 
Bogot, D.C., 

Abogado 
/LUIS PATItIO LEYVA 

Apoderado 

ASUNTO RadicaciÆn 05-000562 
TrÆmite 002 
Evento 001 
ActuaciÆn 430 
Oficia 
Folios 14 

Patente de lrtvención fl Patente do Modelo de Utilidad 

� 
Via Nacional Ell 
Via PCT (fase nacional) P7 Cap.l fl Cap. II 

No. Sal. Intemacional PCT/EP2003/006841 
Fecha de PresentaciOn Internal. 27 de Junjo de 2003 

Coma resultado del examen de fondo, realizado con fundarnento en el articulo 45 do la 
DecisiOn 486 de la Comisióri de la Comunidad Andina, se le comunica: 

1. Documentos estudiados 

DesoripciOn: Folios: 57 a 114 y 122 coma se radicó inicialmente 

Reivindicaciones: Folios 115 a 121 como se radicÆ inicialmente 
Folios 179 a 180 mod ificados 
Folios 218 a 219 mod ificados 

� Prkridad: Folios: 01 
11 de Julio de 2002, DE, 10231 370.9 

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

2. Anªlisis do la  Prioridad 

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

3. Objeto do la invención 

� Titulo de la solicitud: "NUEVOS DERIVADOS DE GLICOSIDO DE TIOFENO, 
MET000S PARA LA PREPARACION DE LOS MISMOS, MEDICAMENTOS QUE 
COMPRENDEN DICHOS COMPUESTOS Y SU USO" 

El objeto de la preserite solicitud do patente de invenciôn consiste en obtener 
compuestos glicôsidos de tiofeno para el tratamiento de Ia diabetes de formula I: 



0 
Vio 

>n 

OH R2 CYC2 

El problema planteado en esta solicitud es la necesdad de obtenercompuestos glicôsidos 
del tiofeno para el tratamiento de la diabetes 

Para solucionar este problema tØcnico la solicitud en estudlo, el solicitante proporciona 
compuestos segUn formula general L 

� Clasificación Internacional de Patentes (IPC.): C07H7/00; A61K3117042; 
A 61 K3 1/7048 

4. Determinación del Estado de la TØcnica 

La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica es: 

0 � Fecha de presentación de la solicitud prioritaria: 11 de Julio de 2002 

I 

Considerando que la fecha de presentación 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 tØcnica relacionados, que pueden afectar la patentabilidad del objeto de la 
presente solicitud: 

publicación 
Glucopyranosyloxy 

benzylbenzene derivatives, 

EP 1270584 medicinal compositions 
D4 WO 01/068660 containing the same and 20109/2001 

intermediates for the 
preparation of the 

derivatives.  
Glucopyranosyloxypirazole 

EP 1213296 derivatives, medicinal 
D5 WO/ 01/16147 compositions containing the 08/03/2001 

same and intermediates in 
the production thereof  

Chem.Rev, 1996, 96, 3147- Bioisosterlsm:a Rational 
D3 3176 Approach in Drug Design 1996 

5. AnÆlisis de patentabilidad (articulo 14 D486) 

Nivel inventivo (artIculol8 10486) 

1) Respecto a la solicitud en estudio: 

La reivindicaciOn 1 se refiere a un compuesto de fOrmula (I): 



fl 

HO 

KO 

I 
HO R3, 

OH R2 Cy 2 

RO R4 

2) Respecto al estado de la TØcnica: 

D4 enseæa previamente compuestos de formula I, Utiles coma agentes para la prevenciOn 
a tratamiento de la diabetes, y obesidad (Ver resumen) 

F(O--Y’O-y 
9-

Al realizar las sustituciones planteadas en D4 se obtienen compuestos tales coma y 
comparado con el de la solicitud presentada: 

HO 

OH 

CH3 

Hz 

D4 
HO 

SolicItud presentada 

D5 enseæa compuestos Utiles para Ia prevenciOn o tratamiento de la diabetes, sus 
complicaciones u obesidad (Ver resumen) 

Al realizar las sustituciones planteadas en D5 so obtienen compuestos tales coma y 
comparado con el de (a solicitud presentada-

113C - 

is 

HO N 
D5

Tabla "Nivel Inventivo" 

Solicitud presentada 

Lc1tuc1presentada  D4  D5  
HO 

HQ0i 

HO(O OH l-
OH 

Giucopiranos 

OH 

 Glucopiranosil 



El Problema TØcnco Objetivo fundamental el cual es "obtener compuestos glicósidos 
del tiofeno para el tratamiento de la diabetes", serla fÆcilmente resuelto por el experto 
en la materia con las anterioridades encontradas, pues es evidente que con los 
documentos D4 y D3 o D5 y 103; reemplazando un anillo heteroaromÆtico anÆlogo por 
tiofeno, en el grupo farmacofOrico de D4 o de D5, sin emplear habilidad inventiva. 

No so evdenca por 10 tanto el efecto superior e inesperado al realizar este reemplazo 
comparativamente con los compuestos previamente divulgados, pues para el experto 
tØcnico en (a 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 quo al comparar los resultados de actividad biológica como 
nhibidores selectivos do SGLT2, se encuentra quo: 

04 presenta resultados para el ensayo inhibitorio sobre la actividad SGLT2, valores de 
1050 do 8.1 y 27nM entre otros. (Ver pÆginas 16 y 17) 

D5 presenta resultados para el ensayo inhibitorio sobre la actividad SGLT2, valores do 
IC50 de 84nM entre otros, 

El solicitante en el Folio 83 realiza los anÆIiss sobre la medida de la absorción de  la 
glucosa por vesiculas de membrana de borde en cepillo y expresa los valores sobre 1025, 
sin evidenciar su actividad inhibitoria selectiva sobre la actividad SGLT2 frente al estado 
de (a tØcnica. 

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

6. Conclusion: 

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

N Documento N 
Reivindicaciones 

afectadas 
Requisito que afecta 

EP 1270584 16 Nivel Inventivo 
F

 

� 
D5 

EP  1213296 1-6 Nivel Inventivo 
WO/ 01/16147 

D3 
Chem.Rev, 1996, 1-6 Nivel  

[96,3147-3176 

7. Respuesta a los argumentos del solicitante: 

El solicitante hace referericia en los folios 214 a 215, a que los compuestos de la solicitud 
presentada son selectivos sobre el transportador SGLT2, y presenta los resultados donde 
sobre un ünico compuesto (ejemplo 7), donde presenta una actividad de 0.011 pM (11 nM), 
sin evidenciarse en los demàs compuestos en su conjunto dicha actividad. AdemÆs los 
valore no referencia el tipo de bioerisayo utilizado en dicha actividad. 

En el estudio de nivel inventivo arriba mencionado se reportan valores de 8.lnM para 
compuestos donde el anillo es un fenilo, y al comparar con la sustitución de tiofeno; Øste 
no supera los valores reportados en 04 por ejemplo. 

En cumplimiento del artIculo 45 do la Decision 486 do la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dIas contados 
a partir de (a fecha do notificaciôn de  la presente comunicaciOn. En caso de no dar 



respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los 
impedimeritos para la concesión, se denegarÆ la patente. 

NotifIquese el presente oficio conforme a 10 dispuesto en el numeral 5.2, literal e), del 
capitulo quinto del titulo primero de la Circular (mica NO 10 de 2001. 

ALIX CARMENZA CESPEDES DE VERGEL 
Directora do Nu4/as Creaciones (C) 

1 

El anterior requerimie,nto..,ye notificado por fijacion en lista, de fecha 
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