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ABSTRACT: 

4,4’-Methylenebis(2-cbloroaniflne) (MBOCA) metabolism in canine 
liver and kidney slices was investigated using HPLC to separate the 
metabolites. Liver slices metabolized 5-10% of the 140’MBOCA In 
80 min and produced seven metabolites resolved by HPL.c. The 
major metabolite, representing approximately 89% of the inetabo-
9am was 2-amlno.5-ff4..amlno4-chlorophenylmethyI].3.chloro. 
phenyl hydrogen sulfate, previously Identified as the major urinary 
metabolite In dogs. An hthOCA-glucoslde was Identified by mild acid 
hydrolysis, which released MBOCA and glucose. An Q-glucurcnlde 
was characterized as labile to ft.gluouronldase, stabile to atylsulfat-
ase, and mild acid. It was formed in Increased amounts when 2,8-
dkthinro-4-nutrophenol (DCNP) was added to the Incubation. Two 
other glucuranide metabolites were labile to mild acid and ,-glucu-
ronidase, stabile to aryisuifatese, and were formed In decreased 
amounts In the presence of u-(+)galactosamlne (n-gal) and p-rdtm-
phenyl sulfate (PNPS). Renal cortical slices metabolized 34% of the 

MBOCA-1 is a commercially important curing agent used in 
the production of diisocyanate polymers. Human exposure has 
occurred as a result of environmental contamination and with 
industrial use. MBOCA is an arylamine, a class of compounds 
which has been associated with human bladder carcinogenesis. 
It is a carcinogen in mice (1) and rats (1-4) and causes bladder 
cancer in dogs (s), a test animal for arylainine-induced bladder 
cancer. 

Metabolism is believed necessary for arylamines to exert their 
carcinogenic effect. Arylantine bladder carcinogens may be acti-
vated by hepatic metabolism to hydroxylamines, conjugated and 
transported to the urine as N-hydroxy-N-glucuronides (6). These 
are acid-labile forms which can release the hydroxylamine, a 
proximate carcinogen, in the mildly acidic urine (6-8). Metabo-
lism by the urotheium has resulted in the rnutagenic activation 
of 2AF, BZ, 4AB, and 2NA (9, 10) and in nucleic acid binding 
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arilina (uniformly ring labatsd) ACN. aestonitrie; LSS, liquid scintillation spectram-

etry. 
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14C.MROCA In 90 min, producing six metabolites. Based on retention 
Ems and lability to hydrolysis, three of these, the MBOCA-glucoslde, 
a gfucuronide, and 2-amino t(4-emIno-3chIorophenyI)methyl}.3.. 
chlorophenyl hydrogen sulfate were also found as kidney metabo-
lites. One additional sulfur-containing metabolite was labile to mild 
acid and atylsulfalase. The major kidney metabolite represented 25-
40% of the metabolism and was unaffected by mild acid, pglucuron- - 
idase, arylsulfatase, DCNP, and o-gal. Covalent binding In liver soon 
was 20-27 pmot/mg of wet weight/SO min and in kidney was 9-13 
pmol/iug of wet weight/90 mm. Binding was not altered In either 
tissue by n-gal, PNPS, or low concentrations of DCNP. Renalmedul-
lary slice Incubations produced no 4C-MBOCA metabolites observed 
by HPLC with UV absorbance or radioactivity monitoring. TIssu 
covalent binding was 1.2 pmoi/mg/90 min and was unchanged by 
the addition of aspirin or lndomethachn, but doubled with 1 mM 
erachadonic acid. 

of EZ (11). 2AAF 

was metabolized to ring- and N-hydroxylated products and to 2AF by rat and human bladder culture (12). Renal metabolism of arylamirtes is also of interest due to the Physiological proximity of the kidney to the bladder. Studies have focused on the medulla and cooxidation of arylamiucs by PES. BZ, 2AF, 4AB, and 2-amino-4(5-nitro-2-furyl)thiazole have been cooxidized by PES from rain seminal vesicle or rabbit renal medula (11, 13-15). PBS-mediated DNA (16), RNA (14-16), and macromolecular binding (13) as well as mutagenesis (17) have been demonstrated using inicrosomal incubations. Further-more, BZ was cooxidized by renal medullary slices to macro-molecular binding species (18). In contrast to those studies, renal cortical metabolism studies have had limited success. 2AAF and 2AF were activated to bacterial mutagens (19-22), and N-hyclroxylation has been ob-served for 2AAF (23). However, BZ was not metabolized by rabbit cortical inicrosomes (13) and 2NA was not metabolized by rat cortical tissue slices (24). Furthermore, production of conjugated metabolites capable of being excreted in the urine has not been reported. The metabolism of MBOCA has not been extensively studied. It is rapidly metabolized in rats and dogs and is excreted in urine and bile. In rats, 69-73% of the dose

 was recovered in feces and 22-29% in urine in 48 hr (25), only 1-2% of which was the parent compound. In the dog, 46% of the dose was recovered in the urine in 24 hr, only 0.54% of which was the parent compound (26). Seventy-five per cent of the excreted MBOCA was as the crtha-hydroxy sulfate metabolite (27). Biliary excretion repre-sented 32% of the dose in the dog. Neither rat nor dog excreted the parent compound in the bile (25,26), 186 I 
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The present study was undertaken to evaluate the potential of 
the liver and kidney for metabolism of MBOCA to reactive and 
conjugated products. The dog was used due to its sensitivity to 
arylamine-induced bladder cancer. 

Materials and Methods 

ml wals. Healthy adult male mongrel dogs, weighing 11-19 kg, were 
used. They had free access to food and water prior to the experiments 
and were used within 3 days of receipt. Dogs less than about 1.5 years 
old did not produce the same metabolic profile in in vitro incubations 
and were excluded from the study. 

Chemicals. Glucuronic acid was obtained from Aldrich Chemical Co. 
(Milwaukee, WI). and aqueous counting solution was obtained from 
Ameisham Corp. (Arlington Heights, IL), DCNP from Alpha Products 
(Danvers. MA). Na2nSO4, 43 Cl/mg. 220 mCi/mi, was from ICN Phar-
maceuticals (Irvine, CA), and 14C-toluene (4 x I0 dpm/ml) was from 
New England Nuclear (Boston, MA). fl-Gtucuronidase$ree arylsulfatase, 
#-glucuronidase, n-gal, PNJ’S, and deoxycholic acid were from Sigma 
Chemical Co. (St. Louis, MO), Soluene 350 and Dentilume were from 
United Technologies Packard (Downers Grove. IL), and the ion pair 
reagent PlC A was from Waters Associates (Milford, MA). Solvents were 
UPLC. UV, spectrometric geade and were purchased from Burdick and 
Jackson (Muskegon, Ml). Water was purified by passing distilled water 

.through a 4-bowl MiW-Q (Millipore Corp., Bedford, MA) water purifi-
cation system containing a 025-pm filter. 

tB-14C]MBOCA (58 reCi/usmol) and (U.14C)MBOCA (10.9 mCi/ 
mmcl) from Amersham Corp. were provided by the Michigan Toxic 
Substance Control Commission through the Office of Radiation, Chem-
ical and fi;oiogicai Safety, Michigan State University. They were purified 
by HPLC on a Ca gBondapak column (Waters Associates) using ACN/ 
H20 (47:53, v/v) prior to use. Radiochemical purity was judged to be 
greater than 99% by quantitative GC/MS and LSS. MBOCA was a gift 
from Daniel E. Williams (Division of Environmental Epidemiology, 
Michigan Department of Health) and was purified before use by I-1PLC 
as above. 

Metabolism in i’itro. Dogs were killed by injection of pentobarbital 
(80 mg/kg). Liver samples were excised, cut into I -inch pieces, rinsed in 
cold saline, and placed in lee-cold phosphate-buffered medium (slice 
buffer) containing 96.7 mM NaCl, 7.4 mM sodium phosphate, 40 mM 
KCI, and 0.74 mM CaCl2 at p11 7.4 (28). Kidneys were excised, divided 
into four pieces, rinsedin saline, and placed in cold slice buflbr. Medul-
lary tissue was dissected away from corticomedullary tissue and stored 
separately. All experiments were initiated within 3 hr. 

The slices were prepared by hand using a slice block and razor blade, 
and were thin enough to curl when picked up with a forceps. A total of 
200 – 10 mg of liver or 400 – 20 mg of kidney time was incubated in 
4 ml of slice buffer. [U-’4C]MBOCA. 100 tunot/mI (9.09 x t0 1zCi/ 
nmol), was added in 20 pl of dimethylsulfoxide. Incubations were per-
formed in a Dubnoff shaking water bath at 90 cycles/rain and 370C 
under 100% Oz for 60 rain (liver) or 90 ruIn (kidney). In experiments to 
define the effect of substrate concentration, MBOCA was added at 0.005-
0,1 jzmol/ml, while radioactivity was added in a constant amount (2 x 
I(P dpm/ml). [13.&4C)MBOCA was used for the 0005-14ntol/mI incuba-
tion due to its higher specific activity. In experiments to define the effect 
of incubation time, incubations were performed for 0-90 min (liver) or 

0-120 mm (kidney). Incubations were stopped by addition of 4 ml of 

cold ACM and were placed in ice for 15 min. Controls were inactivated 
with ACM prior to adding EU..’4CJM330CA or (B-’4C)MBOCA. 

Metabolite Separation and Quantitatlon. Slices were homogenized in 
the incubation media with a Wheaton-Teflon-glass homogenizer. One 
sal of 0.05 M PlC A was added to The homogenate and the mixture was 

extracted three times with 3 ml of dichioroinethanc. The three extracts 
were pooled, dried over anhydrous sodium sulfate, evaporated under N3, 

resuspended in 150#1 of ACN/H20 (1:1), and filtered through 0.2-pm 
regenerated cellulose filters (BAS, The Anspec Co, Ann Arbor, MI). 

Class fiber prefihters were sometimes used. Samples were kept at -20’C 
until used. Recovery of radioactivity was 90-100% in the extract and 

BNsOoGtD .XP eo391B7A_L 7545% in the filtrate. Calculations were based on total dpm in the incubation mixture. 

The HPLC system consisted of an M6000 and an M45 pump, a mode) 
720 system controller, a 06K inJector, and a model 440 detector at 254 

nra (Waters Associates). The metabolites were separated on a 5-14m Cs 
Novapak radial compression column (Waters Associates) with a 35-min 
linear gradient of 23-423% ACN. 2.5 mM PlC A at 3 MI/Min or a 25-
rein 23-33% ACM gradient in 2.5 mM PlC A followed by a 20-rain 33-42.5% gradient, both at 2.3 mI/mm. Metabolite peaks were observed by Liv absorbance at 254 

ant. The peaks were quantified from fractions collected through 60 rain and counted by I.SS using a Packard B400 refrigerated scintillation spectrometer and predetermined quench curve. 

Fractions with less than 3 times background cpus were not considered 
for further analysis. Recovery from the column was 100%. Binding. Macrornolecular covalent binding was determined on the extracted homogenates. Homogenates were brought to 10% wichloroa-cede acid, precipitated on ice for 15 ruin, and centrifuged, and the supernatants were discarded. The precipitates were extracted six times with methanol/ether (3:1) and four times with ethyl acetate. They were allowed to dry, moistened with 0.3 ml of 5% deoxycholic acid, kept 

overnight, and solubilized with 2-3 ml of Soluene 350 at 50°C. Fifteen 
rnlofDcmilume were added and the samples were counted. Quench was corrected with an internal standard (84C-toluenc). Binding was expressed as pmol/mg of wet weight of tissue. In a control experiment background dpm Levels were reached with four extractions of methanol/ether followed 

by three extractions of ethyl acetate. 
oujugatod Metabolites. Formation of metabolites conjugated with 

sulfate was evaluated by the addition of reported inhibitors or enhancers 
of initiation (29, 30), or a specific label for sulfur. In the fist instance, 

slices were incubated with

 100 nmol/ml of cold MBOCA and 2 mM Na2-"SO4 (7.4 X 109 dpm) (liver) or 2 aiM 1,44?6804 (8 X 106 dpm) (kidney). Incubation extracts were analyzed by HPLC-LSS and 1-ruin or peak fractions were collected across the gradient. The quench curve for was used to determine dpm. In The second and third instances, Liver or kidney slices were preincubated 10 rain with either 0-2 mM PNPS or 0-10 pM DCNP prior to adding [U-C]MBOCA in order to enhance or inhibit sulfate coajugate formation. Metabolism was evaluated by HPLC-LSS determination of metabolites and by measurement of covalent binding in tissue slices. Sulfate conjugate formation was also evaluated with arylsulfatase. Dichloromcthazie incubation extracts were pooled and stored at -20°C until use. The extracts were divided, solvent was evaporated under N2, and the extracts were resuspended in 2 ml of 0.2 M Tris-I-ICL, pH 7.1. The samples were mixed with 4-8 units of’arylsulfirtase and all tubes 

were incubated at 37°C for 4 hr in a shaking water bath. Samples and 
controls were extracted following the addition of 0.2 ml of 0.05 M PlC A and analyzed by HPLC-LSS. Formation of glucuronide conjugates was evaluated by addition of o-gal, an inhibitor

 of glucuranidation (30,3 1). Slices were preincuba*ed 10 min with 0-I5 mM D-gai prior to the addition of [U-14C]MBOCA. Metabolism was evaluated by HPLC-LSS and measurement of binding as above. Glucuronide formation was also evaluated by post-incubation hydrol-ysis experitneuls. Dichioromethane extracts were pooled and stored, then divided and dried as described above. The extracts were resuspended in 2 ml of 0.075 M phosphate buffer, pH 7.0, and these were used for three experiments. For mild acid hydrolysis, the samples were treated with 50 or 100 uI of I M citric acid (final PH :3.54.7) and were incubated for 60 min at 37°C as before. The samples were neutralized with 0.01 N NaOH. Enzymatic hydrolysis was performed with 500-1000 units ofp-glucuron-idase and incubation for 4 hr at 37°C. Thermal hydrolysis was tested by incubating the samples at 37°C for 24 hr and comparing to refrigerated controls. Samples and controls For these three experiments were cx-timcled1 prepared, and analyzed by HPLC-LSS following the addition of 0.2 ml of 0.05 M PlC A. Structure of the Metabolite at 93 rain.. This metabolite was isolated from in vftrn incubations for further analysis. The dichioromethane extracts from three incubations were pooled, dried, and

 resuspended in 
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5 ml of 110. This was applied to a Cs Sep Pak column (Waters 
Associates) previously activated with ACN and equilibrated with H20. 
The column was used with 10 ml of R20 and the metabolites eluted 
with 10 ml of ACN/H30 (1:1). The ACN was evaporated under N2 and 
the sample was filtered before HPLC on a 5-pm Cis radial compression 
column (Waters Associates). To isolate the metabolite, a 40-min hyper-
bolic (No. 8) gradient, 15-60% ACN, 50 mM ammonlum acetate, pH 
7.45, at 2.5 ml/mm was used. The column thiant was evaporated to 
dryness ; resuspended in ACN, and stored at 4°C. 
WLC-LSS analysis of the metabolite was performed before and after 

hydroIysis Seventy-five umol of-the isolated conjugate were dissolved in 
110 and maintained at room temperature for 48 hr. This resulted in 

complete disappearance of the peak at 9.5 nun and appearance of 
M BOCA as determined by HPLC4SS. 

The metabolite was also analyzed by 3C/MS. The conjugate was too 
unstable to derivatize and run directly, but the carbohydrate released on 
hydrolysis was suitable for derivatization and GC/MS. Sisty suuol were 
dcrnatizecl with trethylsilyllmidazole/N,O-bis(lrirnelhylsily))tti-
fluoroaceinmide/pyridine (1:1:3) for 20 main at 100°C. The reagents were 
evaporated under N3 and the sample was resuspended in dichioro-
methane. Mannose, galactose, glucose, and glucuronic acid were also 
denvatized and used as reference standaids. The derivatives were ana-
lyzed by GC/MS on a Finnigan 3200 instrument with a Ribor SADR 
data system. Chromatography was carried out on two separate columns, 
l%0V17 and 1% C)Vl, both on gas chrom Q, using 30 mt/tWn of He 
and a temperature program of 140-260°C at 12°C/rain beginning 0.5 
min after injection. Mass spectra were obtained at 70 eV. 

Renal Medullary Metabolism. Metabolism was evaluated through 
binding studies using 400 rag of tissue and a 90-rain incubation under 
100% O. Studies included substrate concentration dependence, addition 
of arachadonic acid (Di or I mM), and addition of the PES inhibitors 
indomnethacin (0.28mM) and aspirin (1 mM), The studies were done 
under yellow light Arachadonic acid was diluted in ethanol and stored 
In the dark, under N2, at -20°C. Its purity was tested prior to use by thin 
layer chromatography. LHP-K plates were used and 99:1 ethyl acetate/ 
acetic acid was the solvent system. Iodine vapors were used for visuali-
zation of arachadonie acid at Rj’= 0.67. 

Statistical Methods. Differences from control values were determined 
at p < 0.03 by one-way analysis of variance. The least significant 
differences test was used for individual comparisons where analysis of 
variance indicated that differences existed. 

4 

Results 

Liter. Liver slice incubations produced a major radioactive 
metabolite with a retention time of 25 min and six additional 

.metabolites with retention times of 9.5, 10.1, 11.5, 12.2, 13,5, 
and 23.5 mm (fig. 1). These were consistent from one animal to 
the not except for the peak at 13.5 min which was sometimes 
missing and could not be further characterized. The production 
of metabolites increased in linear fashion with time for 90 mm. 
At 60 min, 5-10% of the MBOCA was metabolized, approxi-
mately 80% of which was the major metabolite. 

Incubation of the extracted metabolite fraction with 13-glacu-rormidase decreased the metabolites eluting at 10. 1, 11.5, and 12.2 rain and hydrolysis at pH 33-4.7 decreased the peaks at 9.5, 10.1, and  12.2 mm (fig. 2). Incubation in the presence of 3 mM DV), an inhibitor of glucuronidation (30, 31), resulted in a decrease in formation of the peaks at 9.5, 10.1, and 12.2 miii (table 1). Incubation in the presence of DCNP, a sulfation 

initibitorwhicli can increase the ghucuronidation of phenols (29), 
caused a 4.5-fold increase in formation of the peak at 11.5 min 

(table 1). These results suggested that the metabolites at 9.5, 10. 1, 
11.5, and 12.2 min were glucuronides. 

The metabolite at 9.5 min was identified as a glucoside. The 
compound was shown by HPLC-LSS analysis to decompose to XP009039167 MBOCA on standing in water at room temperature. The sugar moiety released was identified as glucose by GC/MS. The mass 

spectrum was the same as the glucose reference (fig. 3) and the 
(IC retention time and pattern of n and 11 anouners was identical (fig. 4), During incubations with NaSO4, two MBOCA metabolites, the peaks at 23.5 and 25.5 mm, were labeled by "S (fig. 5). Two other radioactive peaks were shown to be artifactual. The peak at 23.5 min was present only in trace quantities and was not characterized further by other experiment with v-Salt, DCNP, or PNPS. The metabolite at 25.5 min corresponded to the previously identified major canine urinary metabolite, the MBOCA-o,iho-hydroxy sulfate (27). Both had identical retention times on HPLC and were labile in the presence of arylsulfatase and stabile in the presence of 9-gtucuronidase (fig. 2 and ref. 27). Macrounolecular covalent binding 

increased lineauly with sub-strate concentrations of 0.005-0,1 pniol/ml and with time for 0-90 min under conditions of oxidative metabolism. Binding was 19,9 – LB pmol/mg of wet weight in control incubations For PNPS and ri-gal. It was neither increased nor decreased by the addition of up to 2 mM PNPS (18.7 – 2.3 pmol/mg) or 15 mM ri-gal (23.0 – 4.7 pmol/mg), although these compounds significantly altered the production of the MBOCA glycoside and glucuronide metabolites (table 1). Binding was 30 pmol/nzg in control incubations for DCNP. This decreased significantly only at 10 and 100 aM DCNP, where production of all metabolites except that at 11.5 mm, was decreased. These studies indicated that metabolism was required for binding but that neither the glncoside nor the glucuronide conjugates measured by HPLC played a major role in tissue binding. Kidney Cortex. Renal cortical slice incubations produced a major radioactive metabolite with a retention time of 15,5 min and five additional metabolites with retention times of 9.5, 12.2, 21.5, and 23.5, and 25.5 mitt (fig. 6). The production of metab-olites increased in a linear fashion with time to 120 mm. At 90 min, 3-5% of the 14CMBOCA was metabolized, with the major 

metabolite representing from 25 to 40% of the total metabolites. The structure of-this metabolite was not elucidated by the meth-ods used. It was not sensitive to mild acid, ftucuronidase, or arylsulfatase hydrolysis, was not labeled by 3s8, and was unaf-fected by incubation with D-gal or DCNP. It was decreased following incubation with PNPS (table 2). The metabolites which eluted at 9.5, 12.2, and 25.5 mm appeared the same as the corresponding liver metabolites. The MBOCA-glucoside at 9.5 min was labile in mild acid but stabile to 13-glucuronidase and arylsulfatase hydrolysis (fig. 7). Its pro. ductwin was inhibited by ri-gal (table 2). A difference from liver was noted in its response to incubation with PNPS, where a decinase was observed in liver but an increase was seen in kidney (tables 1 and 2). A glucuronide elating at 12.2 min was labile with mild acid and 13-ghucuronidase but stabile to arylsulfatase hydrolysis (fig. 7). The oriias-hydroxy-sulfate at 25.5 min was stabile to mild acid and -g1ucuronidase but labile to arylsulfatase (fig. 7). It was labeled by 35S in both organs (figs. 5 and 8). Two other metabolites were labeled with 318 (fig. 8). The metabolite at 21.5 rain was produced 

in small quantities and could not be characterized Ibrther. The metabolite at 23.5 miii was sensitive to arylsulfatase and mild acid hydrolysis. The peaks at 5 and 30 mitt were ardfactual. Macromolecular binding increased linearly with substrate con-centrations of 0.005-0.1 mo1/ml under conditions for oxidative metabolism. Binding levels in control incubations were 13.1 * 49flOC1r XP 8039161A J.:,-. - - 111
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TIME (Min) 

FIG. 1. HPLC chrornaw,gram of metabolites from a hepic tissue slice incubation. 
Mctabolire peaks observed by UV absorbance at 254 am are distinguished by retention time. A 35-min linear gradient from 23-42.5% ACN, in 

2.5 suM PLC A. at 3 ml/min was used on a 5-pm radial compression Nova-pair column (Waters Associates). 
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Pin. 2. Poi-Incubation hydrolysis qf metabolites produced by hepk 

tissue slices. 

L,ary1sulfltase(4-8 units), CI, -gtucuranidase (500-1000 units); V, 
heat 37’C, 24 hr, M citric acid. pH 3.5-4.7. N = 3 except for heat where 
N= 2. Standard error bars are shown. 

0.84 (PNPS), 9.1 – 0.3 (n-gal), and 13.4 – 1.9 (DCNP) pmol/ 
mg of wet weight/90 min. These values did not change signifi-
cantly in the presence of up to 2 mM PNPS or 15 mM n-gal but 
decreased at 10 pM and 100 pM DCNP to 8.3 – 2.4 and 6.1 – 
0,3 pmol/mg of wet weight/90 mm. This indicated that metab-

3N500010 .cXP aasa1e7A_L 

olism was necessary for binding to occur and that the metabolites 
at 9.5, 12.2, and 15.5 min did not play a major role in binding. 

Renal Medulla, Renal medullary slice incubations produced 
no metabolites identifiable by HPLC-LSS. Tissue binding was 
concentration dependent with 0.005-0.1 ,zmol/mI of 140
MBOCA. It was unchanged by 1 mM aspirin, 0.2$ mM indo-
methacin, or 0.2 mM arachadonic acid but doubled with 1 mM 
arachadonic acid to 2.21 – 0.71 pniol/mg of wet weight/90 

mm 

(N = 3). 

Discussion 
Incubations of [IJ)4CJMBOCA with canine liver and kidney 

slices produced metabolites characterized as glucoside, glucuro-
aide, and sulfate conjugates. Of the seven metabolites from liver 
and six from kidney incubations, three were produced by both 
organs. These were an MBOCA-glucoside, a glucuronide, and 
the MBOCA-onho-bydroxy sulfate previously identified as the 
major canine urinary metabolite (27). 

2-Amino- 5- [(4-amino-3-chiomphenyl)methyll-3-chjoro.. 
phenyl hydroget sulfate, an MBOCA ortho-hyclroxy sulfate, 
represented 80% of the metabolism in liver slices and was 75% 
of the MBOCA excreted in urine (27). The ortho-hydroxy sulfate 
is the major canine urinary metabolite of the carcinogenic ary-
lamines lIZ, 2NA and 4AB (32, 33) and the noncarcinogenic 1.. 
naphthylarnine (33). It has been considered a detaxication pro& 
uct because the BZ., 2NA, and 2AF metabolites were negative in 
the mouse bladder implantation model (34-36). 

Other evidence suggests that some orlho-hydroxy metabolites 
may be toxic or carcinogenic. Two conjugates, 3-hydroxy4. 
aminobiphenyl sulfate and 2-amino-1-naphthyl glucosiduronate, 

£ 
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TABLE 1 
Liver slice inc4aboliie production 

Liver metabolites were measured by }IPLC-LSS and are presented in nmol/200 mg/60 min. Values are means of three determinations with 
standard errors in parentheses. - --

D-(+).OabiCiOsantine’;1.:-- 
p.Nitrophenyi Suliitte 

Retention Time p 

- Control - 3.0mM Control 0.1 /AM Control 0.5 MM 

9.5 �...07(O.98) - 083(025)b ,3.80.., 31L . 2,4(0..L6). 
. J.55.(0.301’ 

10.1 1.17(0.18) 0.44(O.Il)b 1.61 1.60 0.96(0.12) 0.56 (0.08)b 
11.5 0.95 (0.38) 0.57(0.18) 0.20 0.95 1.08 (0.33) 0.55 (0.27) 
12.2 2.96 (0.22) 0.74 (0.]5)b 5.46 4.87 2.62 (0.54) 0.76 (0,22)h 
23.5 0.58 (0.18) 0.63" 1.62 1.37 0.43 (0.07) 0.59(0.18) 
25,5 14.83 (1.30) 12.09(2.16) - - 29.66 28.01 13.00 (0.02) 17.10(3.41) - 

M=2. 
’Significantly different ftom control, p <0.05. 
N= 1. 

440 

HPLC peak at 9.5 mm 

m/x 

Pro. 3. Electron impact mn.ci .cpectra afthe 
trim elliyIsilyl-derivaiized carbohydrate moiety from the 9.5-rn/n !-JPLC peak and a glraose standard. 

The derivative was analyzed by OC/IviSon 
a Finnigan 3200 spectrometer at 70 eV. Chromatography 

was carried out 
on 1% 0V17 using 30 itil/ 

min of helium and a temperature program of 140-260’C at 12C/min beginning 0.5 ruin alter injection, and the orthoatninophenols 1-amirio-2-naphthol and 2-amino-1 -naphthol produced tumors 

in the mouse bladder implantation model (35). In addition, o-aminopheno] was cylotodc in vitro and more genotoxic than Mphenylhydroxyjainine as indicated by sister chromatid exchange (31). Previous studies demonstrated that the M.BOCA-ortho-hydroxy sulfate bound to DNA and Protein upon hydrolysis with arylsutfatase (27). Thus, although conjugation with sulfate may be a detoxication mechanism, the ort/,o-bydroxy arylamune metabolite may be reactive. An MBOCA-glucoside was produced by both liver and kidney. It was not sensitive to $-glucuronidnse or arylsulfatase but hy-drolyzed in mild acid or water at room temperature, releasing glucose and MBOCA. it may have been an N-glucoside. The N-glucoside of a secondary amine, 3-(4-pyrimidhiyl)-5-(4-pyridy1)-1,2,4-triazoic, was a major canine billary and urinary metabolite (38) and it was also resistant to -glucuronidase hydrolysis and labile under acidic conditions. In general, N-conjugates of ary-lamines have been identified as N-glucuronidcs (33, 3941). Formation of 2NA-N-glucoside was observed in rat liver and kidney slice incubations containing 0.2% glucose (42). Further studies demonstrated that it was an artifact, produced in incu-bation media in the absence of slices and not in incubations in 9. 
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lime 045 10 241 302 34a 4:33 5219 61-50 

Fi. 4. Selected ion chrnmaiogjwn Of the Er! nwi/sy/skv!-der! vatized carbohydrate moiety from the 9.5-rain HFLC peak and glucuronic acid, 
mannose. galactose, and glucose standards. 

Chromatography was carried out on 1% OV 17 using 30 ml/min of helium and a temperature program of 140-260°C at 120C/mm beginning 0.5 
min after injection. The ion current chromatogram of the fragment at m/r 217 was plotted. 

0 12 24 36 

time (mm) 
Fuo. 5. Labeling ofhc’paiic metaboiltes with Na5SO4. 

Plot or the LM analysis of I -min or peak fraction collections during 
a 35-rain linear HPLC gradient from 23-42.5% ACN, 2.5 mM PLC A at 
3 m1/rain. A 5-pm radial compression Nova-pak column (Waters Mm-
dates) was used. 

the absence of added glucose. In the current experiments, the 
MBOCA-glucoside is unlikely to have occurred spontaneously 
for three reasons. First, the media did not contain glucose. 
Second, the metabolite was not produced in the absence of liver 
slices even in media with 0.2% glucose added. Third, in the 
presence of PNPS, the MBOCAgIucoside varied in opposite 

BN3bOCID -- $ra9187A_L 

directions in liver and kidney. Glucosidation can supplement 
glucuronidation when the aglycon load is high (43). The UDP-
glucosyltransferases are normal constituents of both liver and 
kidney. 

Liver slice incubations produced an O-glucuronide. It was 
labile to 9-glucuronidase, stabile to mild acid hydrolysis, and 
increased up to 500% in the presence of DCNP, a compound 
known to enhance the glucuronidation of phenols while inhib-
iting sulfation (29). In our experiments inhibition of snlf’ation 
was not observed, perhaps due to the relative proportion of 
metabolites. A small decrease in the orl/,o-hyclroxy sulfate may 
have gone undetected and still have produced a large increase in 
the minor metabolite. The increase in the MBOCA-O-glucuro. 
nide did not occur with a concurrent increase in tissue binding, 
indicating that it was a detoxication product 

Liver and kidney slices produced two glucuronide conjugates 
that were labile to both mild acid and j3-glucuronidase. These 
are characteristics of arylaminc N-glucuronides and N-hydroxy-
JV-glucuronides (7,8,44,45). Formation of both metabolites was 
decreased in the presence of n-gal which inhibits O-glucuronide 
formation (30) but which has not been used previously to inhibit 
formation of either of the N-glucuronide conjugates. The effect 
is not unexpected, however, because D-gal traps uridine nucleo-
tides as Ul)P-D-gal, a compound that inhibits UDP-gtucose 
dehydrogenase. 

Extra-bladder metabolism of arylamines to acid label N-con-
jugates may play a role in bladder carcinogenesis. The parent 
compound may be concentrated in the bladder following by-

111 
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Pio. 6. EPL.Cchroznatpgrwn of rneiabolilesfrnm renal conical ürsue slice incubation. 

Metabolite peaks are identified by retention time, A 35-mm linear gradient from 23-42.5% ACM, 2.5 MM PlC A at 3 mi/Min was used on a S. 
pin radial compression Nova-Pak column (Waters Associates). UV absorbance was monitored as 234 cm. 

TABLE 2 
Kidney slice metaboiieproduedon 

Kidney metabolites were measured by HPLC..LSS and are presented in nnio)/400 mg/90 rein. They are the means or three determinations, with 
standard error in parentheses, except where noted. 

Retention Titne 
D.(+)’.Galactesamine 2,6.Dich1om-4-aitrophenoI p.Nitropbcnyl Siziflite 

--
Control - - 0.6 MM Control 0.1 PM Control - 0.5 MM 

nan 

9.5 0.74 (0.13) 0.11 (0,35)Q 0.86 (0.25) 0.75 (0.07) 0.87(0,07) 1.40(0.25)" 
12.2 1.62(0.39) 1.26 (0.48) 2.69 (0.60) 2.40 (0,40) 1.72(0.74) 2.28 (0.48) 
15.5 3.27(0.39) 3.05 (0.63) 4.84(l.08) 5.38(l.70) 3.26 (0,86) 1.26 (o.27)0 
21.5 1.08(0.23) 0.98 (0,18) 1.29 (0.23) 0,99(0,26) 1.16(0.24) L59 (0,49) 
23.5 0.55 (0.03) 0.70(0.19) 0.69 (0.12) 0.68(0,17) 1.16(0.53) 0,50(0.05) 
25.5 1.05(0.56) 1.62(1.12) 0.65 (0.13) 0.43 (0.11) 0.98(0.40) 0.98* 

"Significantly different from control, pc 0.05, 
bN 2. 

drolysis of the conjugate in acidic urine. The arylaniine may 
then be absorbed by the urotheliuni and metabolically activated. 
?onpko el at. (46) showed that canine and rat urothelial cyto-
chrome P enzymes metabolized 4AB to the hydroxylamine 
and that the rate per nxnol of cytochrozne P450 was equal in liver 
and bladder. BZ and 2NA have been activated to protein and 
nucleic acid binding species by dog bladder niiocrosomal prep-
arations (47). Both have also been N-acetylated by rat and human 
bladder organ cultures (48). Swaminathan el at. (49) demon-
strated activation of 2-amino-4-(5-nitro2-furyI)thiazo1e to pro.. 
tein and nucleic acid binding forms in rat bladder culture. in 
addition, bovine urotbelial cells have activated 2AAF, 4A, 
2NA, and BZ to bacterial snutagens in V79 cells (9, 10). 

In the present study, renal cortical incubations produced con-

BN$DlD  

jugated and reactive metabolites of MBOCA. Glucoside, glue-
uronide, and sulfate conjugates were identified. Previous at-
tempts to demonstrate renal cortical metabolism have had lim-
ited success. Mutagenic activation of 2AF and 2AAF by 59 or 
microsomes has been reported for mice (19, 20) and rat (21) 
kidney. Ring- and N"hydroxylation of 2AAF has been observed 
in mice (23). However, no metabolism of 2NA was observed in 
nit kidney slices even when deacetylation and acetylation of 2NA 
metabolites was observed (24). Zenser et al. (13) reported a lack 
of BZ metabolism by either liver or renal cortex in rabbits. The 
present study provides evidence that canine kidney cortex has 
the potential to metabolize arylamines to hydroxylated and 
conjugated products which may be excreted in the urine. 
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Retention lime (vaIn) 

Ftc. 7. Post-incubation hydrolysis ofthe metabolites produced by renal 
cortical tissue slices. 

IR arylsullbtase (4.-8 units). Cl, ft-glucuronidase (500.-lOUD units); 0, 
heat 37C. 24 hr, IA citric acid, pH 3.5.4.6. N = 3 except for heat where 
N =2. Standard error bars are shown, 

. 2.0 

2.0 
0 

tto 

0 
0 12 24 34 

time (rain) 

FIG. S. LabelIng ofrenal cortical metabolites will: Na2304 

HPLC analysis of metabolites isolated following the incubation of 
conical slices with MBOCA in the presence of Na2SO4. A plot of the 

.LSS analysis of I -rain or peak fractious collected during a 35-min linear 
HPLC gradient from 23-42.5% ACN, 2.5 mM PLC A at 3 mI/usia is 
shown. Compounds were ehromaiograpbed on a 5-sm radial compres-
sion Nava-pak column (Waters Associates). 
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Abstract; A series of novel guanidinoglycosides was successfully 
synthesized. This was accomplished with the use of Mitsunobu con-
ditions as a strategy to convert the glycopyranose anomeric hydroxy 
group to give the corresponding substituted masked guanidines in 
high yields. Subsequent deprotection and coupling with Pmoc pro-
tected 13-amino acid, afforded a series of N,N"-substituted..rnethyl-
iso;hioureas. Cleavage of Pmoc followed by concomitant 
cyclization was achieved with a catalytic amount of DBU to give 
the guanidinoglycosides. 

cy words- guanidine, gycosides, Mitsunobu reaction, coupling, 
yclizasion 

The significance of the guanidine moiety’s role in many 
biologically active compounds cannot be disputed. Dis-
covered in 1944, Streptomycin contains two essential 
guanidine groups at C-i and C-3 and is an importaist 
member of the antibiotic family. It is active against grain-
negative microbial infections and has beneficial effects in 
the treatment of infections caused by intracellular patho-
gens? Over the years, numerous streptomycin analogs 
have been prepared and analogs without both guanidino 
groups were found to be inactive.3 Corner and Smith per-
formed extensive work on phosphotyrosine binding by 
ammonium and guanidinium-modified cyclodextrins for 
the inhibition of inappropriate roitogenic signaling.4 
Meanwhile, Reiti et a]. prepared a series of carbohydrate 
biguanidines as potential hypoglycemic agents and suc-
ceeded in achieving activities equivalent to those of Phen-

�ormin and Metformin.3 More recently, Goodman and co-
workers synthesized a new class of guanidinylation re-
agents: N,N’-diBoc- and N,W-diCBz-N"-triflylguani-
dine,6 which efficiently guanidinylate aryl-, alkyl-amines 
and amino acids to the corresponding guanidines in quan-
titative yields. The authors also used the reagents to con-
vert aminoglycosides to their corresponding guan-
idinoglycosides, and demonstrated that these were able to 
inhibit replication of the HIV virus with good activities.? 

Recently, our group. reported the synthesis of novel 
guanidinoglycosides8 via aza-Wittig type reaction of irni-
nophosphoranesY A series of -glycosyl isothiocyanates 
was used as starting materials for the formation of glyco-
syl carbodilmides, which, in turn underwent addition and 
spontaneous cyclization with amino acid methyl esters 
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in the presence of Et3N to yield the desired products. 
However, with the former synthetic route, we were i-c-

stricted to the forming of guanidinoglycosides that were 
di-substituted at the N-i position. As such, we embarked 
on the quest of designing an alternative route to enable the 
synthesis of guanidinoglycosides that are mono-substitut-
ed at the N-3 position (the previously N-] position). in 
this paper, we report the successfulsyntheses of these 
guanidinoglycosides with the inventive use of the Mit-
sunobu reaction and DBU in guanidine formation. 

Classical Mitsunobu reactions entail the activation of an 
alcohol entity with triphenylphosphinc and diethyl azodi-
carboxylate so as to allow the ’attack’ of a nucleophile 
that results in an SN24ike reaction. 11 Applying the theory, 
we envisaged that, with a powerful guanidinylation re-
agent, the anomeric hydroxy group of a 2,3,4,6-0-acetyl-
ated glycopyranose should undergo Mitsunobu reaction to 
yield the guanidinoglycosides. A search through the liter-
ature revealed that diurethane-protected thiopseudourea, 
diurethane- and triurethane-protected guanidines are ex-
cellent guanidinylaton reagents, which react with primary 

or secondary alcohols under the Mitsunobu conditions to 
yield the (masked) guanidines.Sbht 

We have chosen 1,3-bis(:erz-butoxycarbonyl)-2-methyl-
2-thiopseudourea as the guanidinylation reagent for two 
reasons: it is commercially available and is relatively 
cheap (US$39.1015 g). As expected, the Mitsunobu reac-
tion with 2,3,4,6-0-acetylated galacto- and gluco-pyra-
nose proceeded with ease to yield 85 and 68% of la and 
lb. respectively (Scheme 1). ’H NMR spectra indicated 
that both purified glycosyl substituted thiopesucloureas la 
and lb contained five (a1:a3j2:f33= 1:1:0.5:0.9:0.5) 
and four products (a1:(x2:J3:13 = 1:0.5:1:1.5), respective-
ly. The cc and 0 anomers were assigned based on the 12 
coupling constants. We suspected that these products 
were mixtures of rotomers since FIRMS gave only the de-
sired molecular peak. Boc-Deprotection with TFA (80176) 
gave 2a (59%, cx only) and 2b (75%, cep = 19:1). The re-
action was completed within 15 min at 0 °C. Since only 
the desired deBoc product was obtained from compound 

.1, it indicates that the initial mixtures were indeed the ro-
turners.’2 

Standard coupling conditionss-werc employed during the 
next step’ in the syntheses of disubstituted masked 
guanidines 3a-.e (Table 1). It is important to note that the 
reaction, th’ough it proceeded smoothly, did not reach 
completion. The progress of the reaction was inonitored 



V 

256 P. Lin at al. 

qi .0: 

F12-
 

0 

ACO 

2,3,4,6.Tetra-0.acoty-
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2a:R’= OAc. A2=H,59% -N. 

2b: A1 =H, A2 = QAc, 75 % 3a-e 39681/16 
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40.e, 35-86% 
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Scheme 1 Reaaus and Conditions: 
(a) 

N.N-BOcNHC(SMe)NSoc, Ph3P, DEAD, T}1F, 0°C to r.t., 18h (b) TM, 
CH2C12, acisoic, 15 mm, 0°C; (c) Fznoc-protectcd f.amino acid, HOBi, DIC, DMA, i-Pr2NEt, CH20, 0°C to r.L, 24 h; (d) DBU, THP, r.t, 1 h. by TLC and MS for 48 hours and observations indicated that the reaction typically reached a plateau after 24 hours. The pure isolated yields of 3a-e were in the range of 39-68% (Table 1). The coupling reactions of ct-2a,b and Fmoc protected f11-amino acids gave only the a-disubsti-tuted masked guanidines3a�e. The next step was to unmask the guanidine by cleaving the Fmoc protecting group and cydizing the

 free amine to yield the guanidinoglycoside. The classical way of cleav-ing Fmoc employs the use of large excess of secondary amine, such as piperidine in DM1. However, subsequent experiments have been carried out to show the superiority of DBU over other common reagents with Fmoc cleav-ages.13 Although DBU is commonly employed as a base for cyclization reactions, 14 none was found using DBU as the reagent for the in situ cleavage of Fmoc and cycliza-tion to form the guanidine tnoiety. We predicted that the use of DBU should not only cleave the Fmoc protecting group but also cause the in situ intramolecular cyclization to guanidinoglyçoside 4. Using # catalytic ,amount of DU (0.7o equiv), 3. was successfully converted to the desired guanidinoglycoside 4(35-66%) within an hour. In some cases (4b-c,e), hydrolysis of the guanidine moiety at the anomeric position was observed to yield the 2,3,4,6-0-acetylated glycopyranoses (17, 15 and 4%, respective-ly). While performing HRMS, compounds 2-4 sometimes gave peaks that corresponded to (M + 45). For example, with 2a, on top of the desired molecular peak (HRMS calcd for C,HN2O9S: 421.1281; found: 421.1282), an extra peak at 465.1176 (corresponding to C17HN201,S) was also observed. The extra peak 

was suspected to be a result of CO2 trapped in the basic molecule. it was re-moved by bubbling argon gas through the sample solution prior to. HRMS analysis in neutral conditions. The 13C NMR spectra of compounds 2-4 also gave ari extra carbon peak at 8= 158-159. The peak disappeared when fresh samples were prepared. We have also isolated two cycized products (4c-I, 4c-11 and 4i1-I, 4d-II) from 4c and 4d, respectively. The more polar products 4-Il show very broad signals in their ’H NMR spectra and yet strong (M + 14)° HRMS signals. On the other.hand, the less polar compounds 4-I gave a very strong (M + H + CO,Y FIRMS signal. We suspected that produŁts 4-1 are actually the trapped CO2 form of products 4.11. An experiment was thus carried out by stirring 4c-11 with dry ice in THE Compound 4c-II was found to slowly convert to 4c-1 as monitored by TLC and ’H NMR. Sytdhesis2003, No. 2,255-261 ISSN O039-7881 ' Thcme Stutigan New York ENSOOtD XP 231 248BA_j_ 
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Table I isolated Yields of Methylisothioureas 3 and Guanidinoglycosidcs 4 

RI R Ac OAC 

4A.0 
Ac 

NyN.-,..NHFmoc NJLR3 

3 çH3s i!ta . Hrç) 

R2 R3 Isolated Yields (0) 

3 4 

a . OAc H - c02(4-CB3c6H4) 65 - 45 

b OAc H 

C H OAc 

d H OAc 

The chemical structures of compounds 3 and 4 were care.. 
fully studied using ’H 13C and 2D NMR spectroscopy. 
For example, the successful conversion of 3b to 4b was 
confirmed by the disappearance of the SCH3 group (8 
14.93 and 174,07) as well as the appearance of the guani-
dine group (8= 161.24) from their ’C NMR spectra. Fur-
thermore, a 1H-53C HMBC experiment on 0 also showed 
a correlation between the anorneric proton and the guani-
dine carbon (C-2) but not the carbonyl carbon (C-4), thus 
indicating that the amide coupling occurred at the less hin-
dered amine (Figure 1). 
Similarly, the ’H’3C HMBC correlation between the 
amide proton and carbonyl carbon confirmed the imino 
position of 3d. However, unlike our previously reported 
N-i disubstituted guauidinoglycosides,8 we were unable 
to determine the location of the inino-group on the guaM-
dine moiety of guanidinoglycosides 4 using 111-1N 21) 
NMR experiments. 
In this report, we have described a synthetic route that not 
only complements our previous work but also provided 
another convenient and efficient way, to synthesize novel 
2-glycosylamino-dihydropyrimidinone for future biologi-

H 56 35 

CH2(4-CHC6H4) 68 65 

CII2CH2Ph 67 56 

CH2(4- NO2C6H4) 39 66 

cal evaluation. More importantly, we have described two 
novel uses of Mitsunobu conditions and DBU, both of 
which are efficient and simple in application. 

TifF was distilled from sodium benzophenone ketyl prior to use. 
CII02 was distilled from CaH5. Commercially available chemicals 
were used without further purification. Analytical TLC was carried 
out on precoated glass plates (Merck silica gel 60, 1). Column 
chromatography was performed with silica gel (420-630 mesh) 
from Merck. All the NMR spectra were recorded with a Eruker 
Avance DMX 400 MHz instrument in CDCI3 solutions and were 
calibrated using TMS as an internal standard. HRMS were deter-
mined using a Marina Biospectrometry workstation via ESI. 

Additional abbreviations: N-bydroxybenzotriazole (l4OBt), N,N-
dimethylacetamide (DMA), and 1,3-diisopropylcarbodiimide 
(DIC). 

N-2,3,4,6-Teaczyi.D-gaactopyranosyl)-N-1V’-bis(tert-
butoxycarbonyl)niethyllsothiourea (La) 
A xniçture of Pb3P  (450 mg, 1.72 znmol) and 1,3-bis(:erz-butoxycar-
bonyl)-2-methyl-2-thiopseudourea (498 rug, 1.72 minol) were dis-
solved in freshly distilled THF under argon. The mixture was 
cooled 

to 

below 0 ’C with an ice/salt-bath, stirred for 10 
ruin before 

DEAD (271.7 p1.., 1.72 mmol) was added dropwise. After another 

Figural 1H-3C HMBC correlations of methylisobiourca3d and guanidinoglycoside 4b. 

Synthesis 2003, No. 2,255-261 ISSN 009-7851 'Thiemc Stuttgart. New York 
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10 mm, a solution of 2,3,4,6..tetra-0-acetyl-D-galactopyranose (500 
rag, 1.43 mnol) in distilled ThF was transferred to it via a delivery 
needle. The entire mixture was warmed up to r.t., stirred overnight 
and concentrated. Tziphenylphospbine oxide was removed by pre-
cipitating the crude mixture in Et20. The filtrate was concentrated 
and purified using flash chromatography (33% EtQAc in hexane) to 
give pure la (750 rag, 85%, u,:a2:11,:M33= 1:1:0.5:0.9:0.5) as a 
yellow, viscous syrup. Further separation of la into la-I and la-IL 
was achieved by developing the preparative TLC 3 times (25% 

tOAc in -hóxane). 

From la-i (a,, 42, 111). 
a1 Anamer 
’H NMR: 8 = 6.34 (d, I H, J= 33 Hz., H-i), 5.48 (dd, I H,) = 3.0, 
1.0 Hz, 14-4), 5.44-5.43 (overlapped with 131-H-4 and u2-H-3, 1 H, 
14-3), 5.28 (dd, I H, J = 10.9,3.4 Hz, H-2),4.38 (t, I H. 1=6.7 Hz, 
H.5), 4.11-4.01 (m, 2 H, H-6a, H-6b), 2.40 (s, 3 H, SCH3), 2.11, 
2.00. 1.98, 1.96 (4s, 12 H, OAc), 1.47, 1.45 (2s. 18 II, Boc). 

’C NMR: 8= 174.79, 170.35, 170.27, 170.17, 170.10 159.07, 
150.35, 91,50, 68.50, 67.50, 67.42, 66.79, 61.12, 27.91, 20.72, 
14.80. 

a2 Anomer 
’H NMR: 8 = 6.18 (d, 1 H, 1 = 3.4Hz, H-I), 5.47 (rId,) = 3.0, 1.3 
Hz, 14-4), 5.44-5.43 (overlapped with a,-fl-3 and 131-H-4,. I H, H-. 
3), 5.34 (dd, I H,J= 11.0, 3.1 Hz, H-2),4.35(r, 1 }l,J= 6.6 Hz, H-
5), 4.11-4.01 (m, 214, H-6a, U-6b), 2.40 (a, 3 H. SCH3), 2.11, 2.00, 
J.99.1.95,(4 s, 12 H, OAc), 1.47, 1.45 (2s, 18 H, Boc). 

"C NMR: 6 = 170.77, 170.33, 110.09, 169.95, 153.36, 93.10, 
68.81,67-36,67,18,66.43,61-12,27.91.20.72,14.09. 

jl, Anomer 
’H NMR: 8=5.85(d, I H,J=6.2 Hz, 14-1), 5.80 (dd, 1 H, J=9.7, 
3.5 Hz, 143), 5.44..543 (oyerlapped with u,-H-3 and a2-N-3, 3. H, 
H-4),5.42 (dd, 1 14,) = 9.6,6.2 Hz, H-2),4.55 (dt, 1 0,1=6.4,1.9 
Hz, H-5),4.11-4.01 (in. 2 H, H-6a, M-6b), 2.38 (s, 3M, SCB3), 2.07, 
2.02, 1.99, 1.95 (4s, 12 H, OAc), 1.46 (s. 18 14, Boc). 
"C NMR: 8 = 17039, 170.10, 169.96, 169.65, 161.79, 157.34, 
151.97, 80.86, 71.20, 67,88, 67.09, 66.41, 61.63, 27.91, 20.72, 
15.88. 
HRMS: ndz calcd for c,H41N2013S (M + H): 621.2328; found: 
621.2323. 

From la-U @2, jI,) 
16 Anomer 
’H NM: & = 5.66(6. 114,) = 83 Hz, H-I), 5.42-3.37 (in, 2 H, H-
2,14-4), 5.06 (dd, 1 H,) = 10.4,3.4 Hz. H-3), 4.13-4.10 (in, 211, H. 
6a, H-6b), 4.03 (t, 1 H,) = 6.5 Hz, 14-5), 2.36 (a. 3 H, 8CR3). 2.09, 
1.98, 1.97, 1.94 (4s, 12 H. OAc), 1.44, 1.43 (2 s, 18 H, Boc). 
13C NMR: 8=175.19, 170.30, 170.34, 170.03, 169.19, 158.90, 
150.24, 94.06, 71.54, 71.01, 67.07, 66.78, 61.07, 27.94, 20.64, 
20.59, 20.53, 15.58. 

113 Anomer  
’H NMR: 6 = 5.92 (t, .1 11,1 = 9.7 Hz, 14-2), 5.42-5.37 (overlapped 
with N protons, I H, M-4),4.99 (66, 3 H, 1= 10.0, 3.4 Hz, H-3), 
4.94 (hr d, 1 H, J = 9.5 Hz, H-1);4.13-4. 10 

(m, 2 H, H-6a, H-6b), 
3.94 (r, I H, J= 6.6 Hz, 11-5),2.33 (s, 3 H, SCH,), 2.07,2.00, 1.97, 
1.92(4 S. 12 H. OAc), 1.47 (a, 18 H. Soc). 
13C NMR 6=170.35, 170.19, 170.07, .169.48, 160.63, 157.24,. 
150.45, 85.64, 72.88, 72.35, 67.74, 66.08, 61.16, 27.91, 20.97, 
20.71 (carbons oerlapped with 133), 14.71. 

HRMS: m/z calcd for c24H41N2O,,S (M + H)i 621.2328; found: 
621.2327. 

Synthesis 2003, ttIb. 2,255-261 ISSN 0039-7881 ONSDocDXI’__231246A_L. 1’ N-(2,3,4,6-Tetcetyl-D-gucopyranosyl)-N-N’-bis(lerl-bu.., toxycarbonyl)methyllsothiourea (11,) 

Compound lb (602 rag. 68%, 1:0.5:1:1.5) was pre-
pared as la from 2,3,4,6-tctra-0-acctyl-o-glucopyranose (500 mg, 

1.43 mmol). a, Anomer ’H NMR: 8=6.29(d, I H,J=3.7Hz,H-I),5.54(t, I 14,3=9.9Hz, 

143), 5.10 (t, I H,) = 9.9 lIz, H-4).5.03 (dd, 1 H, 3=9.7, 3.8 Hz, 
H-2),4.22 (dd, 1 14,3 = 12.4,4.5 Hz, H-6a), 4.18-4.32(m. 1 1-1, H-
5).4.02 (dd, 1 II,) = 12.5, 2.1 Hz, H-6b), 2.39 (a, 3 H, SCM3), 2.03, 
1.97 (9),1.97(7), 1.96(4s, 12 H, OAc), 1.44, 1.43 (2s, 18 H. Boc). 

"C NMR: 6 = 174.87. 170.57, 170.12, 169.92, 169.47, 361.91, 
90.81,69.80,69.46,68.18,67.81,61.29,27.85,20.65,20.54, 14.76. 

a2 Anomer ’HNMR: 8=6,11 (d, I 11,1=3.6Hz, 11-1),5.45 (t, I H. 3=10.0 

Hz, 14-3). 5.09 (66, 1 H. 3 = 9.5, 4.0 Hz, 14-2), 5.05-5.00 (over-
lapped with other anomers, I H, H-4),4.25-4.00 (overlapped with 

other anomers, H-S. H-6a, H-6b), 2.34, (a, 3 II, 5CR3), 2.03, 198 

(3), 1.Q8 (0), 1.97 (4s, 1211, OAc), 1.45, 1.44 (2 a, 1814, Sac). 

"C NMR: 8 = 170.46, 169.91,469.37, 16932, 160.02, 153.13, 
92.39,69,15,69.60,69.14,67.61,61.23,27.82,20.70,20.53, 14.03. 

13, Anomer 

’HNMR: 8= 5.75(t, I H,J=7.7Hz, H-3).5.70 K 1 H, J= 6.2 Hz, 
14-1), 5.24(66,1 11,) =7.8,6.2 lIz, 14-2), 5.00 (dd. 114, J  = 9.5.7.3 
Hz, 14-4), 4.41 (666, 1 H, 3=9.4,4.0,2.9Hz, H-5),4-20 (dd, 1 14, 
3 = 12.2,4.2 Hz, H-6a), 4,07 (dd, I H,) = 12.3,2.6 Hz, H-6b), 2.34 

(s, 31-1, SCM,), 2.01,2.00, 1.97, 1.96 (4s, 1214, OAc), 1.44,1.43

 (2 s, 1814. Sac). 

"C NMR: 8= 170.64, 169.66, 169.54, 169.48, 157.27, 15 1.86, 
80.81,71.55, 71,13, 68.62, 68.18, 61.95, 27.85, 20.70, 20,65, 15.1$. 

Momer ’H NMR: 6= 5.70(t, 111,1= 9A Hz, H-3),5.13(t, 1 H,)= 9.4 Hz. 

14-2),5.03 (t, I 14,1 = 9.8 Hz, 114), 5.03 (d, 1 H,) = 9.5 Hz, H-i), 
4.15 (dd, 3 H, J = 12.4,4.8 Hz, H-6a), 4.09 (dd, 1 14,1 = 12.3,2.4 
Hz, H-6b), 3.65 (dUd, 1 H, I = 9.9,4.6, 2.5 Hz, 14-5), 2.33 (a, 311, 
SCH3), 2.01, 1.98, 1.96, 1.93 (4s, 1214, OAc), 1.45, 1.42(25, 18 

H, Bee). "C NMR 8 = 170.50, 170.14, 169.40, 169.34, 157.09, 150.42, 

84.75,74.08,73.92,68.20,67.81,61.83,27.89,20.66,20.54,15.62. 

HRMS: mlz Wed for C261441142013S (M + H)’: 621.2328; found: 621.2327. N-(2,3,4,6,-Tetra-0-acetyl-a-D-galactopyranosyl)metbyliso-thiourea (Zn) To in (560 rag, 0.90 inmol) in distilled CH,Cl, (1 niL) at 0°C was added anisole (70 pL, 0.64 minol) and TFA (7 ml., 90 rmnol). The solution was stirred for 15 rain at 0 O(, The solvent was removed in vacua, and the residue co-evaporated twice with hexane and then re-dissolved in MeOIL Powdered HaHCO3 was added portionwise to neutralize the solution. The solution was filtered, concentrated and purified on a column (silica gel; 60% EtOAc in

 bexane) to afford pure Zn. - Yield: 223 rag (59%); colorless syrup. 

’H NMR. 6 = 6.39 (d, I H, I = 3.7 Hz, 14- 1), 532 (d, 111 I = 1.3 
Hz, 14-4), 5.50 (66, 1 H, ) = 13.5, 3.2 Hz, 14-3), 5.31 (66, I H, 

I = 10.3,3.1Hz, 14-2), 4.45 (t, ill,) = 6.7 Hz, H-5).4.12 (dd, 1 H. 

J =11 .3, 7.2 Hz, H-6a), 4,07 (dd, 1 0,) = 11.2,6.6 lIz., }l-6b), 2.49 
(a, 3 14, SC -I,), 2.15,2.04,107,1.99 (4 s, 1214. OAc). 

"C NMR: 8 = 175.60, 170.38, 370.21, 170,05,91.01,68.31,67.63, 
67.51,66.89,61.20,20.75,20.67, 13.68. 'Thie,ne Sitingan ’New York ’4 
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HRMS: caled for CHN209S (lvi 1- 11)": 421.1281; found: 
421. 1282. 

N.(2,346-Tetra-0-acety1-DghicopyranosyI)methyllsotbiourea 
(2b) 
Compound 2b was prepared the same way as Zn from llb (560 mg, 
0.90 Minot). - ’- -� - -. . . . - 

Yield: 284 mg (75%); cafl = 19:1; colorless syrup. The a- and fi-
anomers were separated and characterized individually. 

a Anomer 
’HNMR: 6=6.34(d, I H,J3.7 Hz, H-1),5.62U, I H,J9.9Hz, 
H-30.15  1 H, J= 9.8 Hz, H-4),5.07 (dd, I H, J= 10.3,3.8 Hz. 
H-2).4.28 (dd, 1 11, J=.12.3.3.7 Hz, H-6a). 4.25-421 (m, 1 H. H-
5), 4.07 (dd, I H, I = 12.3. 1.9, H-6b), 2.50 (S. 3 H, SCH3), 2.08, 
2.02. 2.01(91 2.01 (4s, 12 H, OAc). 

°C NMR: 6 = 175.75, 170.73, 170.17, 170.10, 16958, 9036, 
70.62.69.61,69.26. 68.00.61.44,20.70,20.65,20.62,13.71. - 

HRMS:

8.00,61.44,20.70.20.65.20.62,1371.-

HRMS: mit calcd for C6HN2O9S (M + H)’: 421.1281; found: 
421.1282. 

4.nomer 
III NMR: & = 5.29 (r, I H. J = 9.4 Hz, H-3). 5.08 (r, I H, .1=9.7Hz, 
11..4), 5.02-4.99 (in, 2 H, H- 1, H-2),4.24 (br d, 1 11,1= 11.8 Hz, H-
6a),4,13 (br d, I H,J= 12.4, H-6b), 3.81 (ddcl, 1 H,J = 10.1, 4.5. 
23 Hz, H-S), 2.34 (S. 3 11, SC03), 2.07, 2.04, 2.03, 2.01 (4 s, 1211. 
OA) 

C NMR: 8 170.68,170-19,169.50,162.80,83.20,73.24,72.97. 
71.34,68.31,61.95,20.74,20-69,20.62,20.59,13.0 

HRMS: mlz calcd for C16H1$O9S (M + 1-I): 421.1281; found-
421.1282. ound:421.1282. 

Compounds 3; General Procedures 
To a solution of Fmoc-protected fl-amino acid (1.1 equiv) and 
HOEt (1.1 equiv) in DMA (0.6 mL) and CH202 (5 ml..) was added 
DIC (1.1 equiv). It was stirred for 10 min before being added to an 
ice-cooled solution of 2 (1 equiv) and i-Pr2NEt (1.1 equiv) in 
04202 (5 mL):The resulting solution was allowed to stir at r.t for 
24 h. The mixture was concentrated and by-product urea was re-
moved by precipitation using hexane. Purification of the residue on 
preparative TLC (50% EtOAc in hexane) afforded pure 3. 

(S)-N-(2,3,4,6-Telra-O-acetyl-u-D-galaetopyranosyl)-N’-[2-(9-
fluorenylmethylcarbonyl)amlno..3-(4-metbylphenyl)propylcar-
bouyl)methylisothsourea (3a) 
Compound 39 was prepared from Zn (64 mg, 6.15 mni9l) and 
Fmoc-(S)-3-amino-4-(4-methylphenyl)butyric acid 70 mg, 0.17 
nimol). 

Yield: 80 mg (65%); white foam. 
111 NMR: 8=12.12 (s, 1 14, NI4CO), 7.69 (d, 2 H,.J7.5 Hz, 
Fmoc), 7.49-7.47 (in, 2 H, Fmoc), 7.33 (t, 2 H. .1 = 7.4 Hz, Fmoc), 
7.23 (t, 2 Fl.) = 7.4 Hz, Fmoc), 7.09-6,92 (m, 411, CA), 6.31 (br 

s. 1 H. H-I), 5.46 (br 
s, 11-1,11.4), 5.41 br d, I H, .1= 11.1 Hz, H-

3), 5.26 (dd, 1 H,) = 10.7, 3.2 Hz, H-2),5.22 (d, 1 14,) = 10.2 Hz, 
PmocNH), 435 (t, I H, .1 = 6.4 Hz, H-5).,4.35-424 (in, 2 14, 

OCH2CH), 4.20-4.08 (m, 2 H, NCH, OCHCH), 4.08-3.98 (m, 211. H-6a. H-6b), 2.94-2.75 (in, 2 H. C112C6114), 2.65-2.45 (in, 2 1-1, 

CH3CO). 2.39 (s, 3 H, 5C143), 2.24 (s, 3 H CH3C6114), 2.09, 1.96, 
1.94(3 s, 1214, OAc).. - 

13C NMR: 6 = 174.04, F70.31, 170.11, 169.65, 155.60, 143.821 
141.27, .136.53, 133.90, 129.43, 129.04, 127.64, 127.00, 125.04. 
119.93, 91.64, 68.55, 67.39, 67.33, 66.66, 61-.02,�49.39. 47.18, 
39.95. 39.44,.21.01, 20.68, 20.63, 14.93. 

8N$000ID: .XP_ _2a124eaA_l,,. 

H1MS: m/z calcd for Cl-145N3012S (M + H): 818.2959; found: 
818.2960. 

(S).N-(23,4,6-Tetra-O-acety1-ct-D-ga1aetopyranosy1)--N’-f2-(9-
ftuoreny)methylcarbonyl)aininoetbylcarbonyllinethylisothio-
urea (3b) - 

- .Compound. 3b was ptepard .from Zn (95 ng, 0.23 mmci) and - - 
Fmoc-fl-alanine (77 mg, 0.25 mmci). 

Yield; 90 mg (5696); white foam. 

111 NMR: & = 12.20 (br S. 1 H, NHCO), 7.69 (d, 2 11,1 = 7.5 Hz, 
Fmoc), 7.51 (ci, 2 H,J=7.3 Hz, Franc), 7.33 (t, 2 H.,J=73 Hz, 
Fmoc). 7.24 (t, 2 H, J = 7.3 Hz, Fmoc), 6.32 (d, I H. 3= 3.1 Hz, 1-1-
1), 5.46 (br s, I H, H-.4), 5.45-5.35 (in, I H, H-3), 5.29-5.23 (in, 2 

H, ?1HPmou, 11-2). 4.33 (d, 2 H. 3=6.8Hz, OCJI2CH), 4.38-432 

(hidden, I H, H-5), 4.18-4J0 (in, I 11, OCH2CI4 4.08-4.01 (in, 2 
H, H-6),3.48-3.41 (in, 214, NCH2). 2,40 (hr s, 214, C1I2CO), 2.09 (s, 3 H, SCH3), 1.97.1.95, 1.94 (3 s, 12 H, OAe). 

’C NMR.: S = 174.07, 170.32, 170.13, 156.29, 143,81, 141.28, 
127.68, 127.01, 125.01, 119.96, 91.73.68.59, 67.38, 67.32, 66.7 1. 61.01,47.18,36.97,35,89,20.64, 14.93. HRMS: m/z caled for CH4DN3013S M + H)’: 114.2332; found: 

714.2333. 

(S)-N-(24,6-Tetra-O-acetyl-a-n-glucopyranosyl)-N’-12-(N-fluorenybnetbylcarbouyl)amlno-3-(4-methylphenyl)propylcar-bomzy1]melhylisotblourea (3e) Compound 3c was prepared from 2b (100 mug, 0.24 mmol) and Fmoc-(S)-3-amino-4.(4.-methylphenyl)butyric acid (110 mg, 0.26 mnmol). - 

Yield: 133mg (68%); white foam. 

’H NMR: 6=12.12, Or s, 1 11, NH), 7.69 (ci, 211,1=7.6 Hz, 
Fmoc), 7.49-7.47 (in, 211, Fmoc), 7.33 (t, 21-I, J = 1.4 Hz, Fmoc), 

7.24(1,2 H, 1=7.4Hz, Fmoc), 7.06-6.98 (m, 411, C5H4), 6.27 (ci, 
I H, J = 2.6 Hz, 14-1), 534 (t, 1 H, J = 98 Hz, 14-3), 5.20 (d. I H, 

3=8.1 Hz, NH), 5,10 (t, I H. 3= 9.9 Hz, 14-4), 5.03 (dd, 1 H, 

3 = 10.3, 3.5 Hz, 14.2), 4.29 (br s, 2 H, OCH2CJI), 4.22 (dd, 1 14, 
3 = 12.6, 3.5 Hz, H-6a), 413-4.12 (in, 3 ii, 11-5, NCH, 6,bH2CtI), 

4.01 (br cI, 1 H, J = 13.4 Hz, H-6b), 2.94-2.75 (m, 2 H, C112C4114), 2.65-2,46 (m, 2 11, CH2CO), 2.41 (s, 3 H, SCH,), 2.24 (s, 3 14, C6H4CIf3), 2,01, 1.98, 1.97, 1.96 (4 s, 12 H, OAc). 

"C NMR: 8 = 174.26, 170.62, 170.19, 169.95, 169.67, 169.47, 
139.00, 155.62, 143.84, 141.29, 136.56, 133.91, 129.45, 129.05, 127.66, 127.02, 125.06, 119.94, 91.00,69.82, 69.57.69.41. 67.83, 66.65,61.29,49.41,47.20,40.00,39.45,21.02, 20.68,2038, 14.98. HRMS: mit calcd for CH13N3012S (H + H): 818.2960; found: 

818.2947. 

(S)-N-(2,3,4,6-Tetra-O-acetyt-iz-D-giucopyranosyl)-N’-(2-(9-fluoreuyhnethylcarbony1)amino-4-pbeny1butyIcarbony1)me-thylisothiourea (3d) Compound 3d was prepared from 2b (130 mg, 0.31 mmcl) and Fmoc-(S)-3-amino-5-phenylpentanoic acid (142 mg, 0.34 mntol). Yield: 169 mug (67%); white foam. ’H NMR: 8=12.10 (s, 1 H, NECO), 7.66 (ci, 2 1-I, 3=7.4 Hz, .Fmoc), 7.50(4,2 H, .1=7,0Hz. Fmoc), 7.29 (dd,2 H,J= 10.9, 7.2 Hz, Ph), 7.21 (t, 214, J=7.3 Hz, Fmoc), 1.18 (t,2 H. 3=7.0 Hz, 

’Fmoc), 7.10-7.D4 (m, 3M, Ph), 6.26 (d, I H, I = 3.1 Hz, H- 1), 533 
(1,-I H. J = 9.9 Hz, H-3), 5.28 (d, 1 H, J = 9.6 Hz, FmnocN}I), 5.09 (1, 1 11,) = 9.9 Hz, H-4),

 5.01 (dd, 1 H,) = 10.0, 3.4 Hz, H-2), 4.33 

(ci, 2 H, 3=6.2Hz, OCHCH), 4.19 (dd, I H, J = 12.7, 3.5 Hz, H-
6a), 4.13-4.11 (in, 2 11, OCH2CFI, 11-5), 3.98 Or ci, 1 H. 1= 11.1 

Hz, 1-1.61,), 3.94-3.91 (mu, I H. NHCI1),2.65-2.50 (m,4 H. CU2CO, 
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CH1Pb), 2.35 (S.3 H, SCH):1 98,1.95,1.94,1.93 (4 s, 12 H, OAc), 
1.92-1.75 (m;2 H, C12CH3Ph). 

C NMR: 8= 174.02, 170.48-1-70.05, 169.83, 169.41, 169.34, 
155.68, 14.74. 143.65, 141.16, 140.76, 128.35, 128.20, 127.54, 
126.89, 125.96, 124.89, 124.77, 119.82,90.84, 69.69, 69.42, 69.27, 
67.69,66.38,61.16,47.85,47.11,41.’57,35.61,32.35,20.54,20.45, 
14.80 

HRMS: mtz calcd for C4H45N3012S (M + H)4: 818,2959; found: 
818.2951. 

(S)-N-(2,3,4,6Tetra0.ncety1-cs-D-g1ucopyranosy1)- IV42.(9 
fluorenyhnethylcarbouyl)antino-3-(4-nitrophenyl)propylcar-
bonyl]methyllsothiourea (3e) 
Compound 3e was prepared from 2b (130 mg, 0.31 mmol) and 
Fmoc-(S)-3-anino4-(4-nitropheny1)-butyric acid (152 mg, 0.34 
mmol). 

Yield: 102 mg (3991b); white foam. 

’H NMR: 8= 12.19 (a, I H, NHCO), 8.07 (d, 2 H, J=7.6 Hz, 
C6H4), 7.69 (d, 2 H, I = 7.5 Hz, Pmoc), 7.45 (br a, 2 H. Fmoc), 7.33 
(t, 2 H, J=73 Hz, Franc), 7.31-7.23 (in, 4 H, Fmuc, C5H4), 6.29 
(br s, 1 H, H-i), 5.54 (t, I H, I = 9.4 Hz, H-3),5.20 (br s. I H, Frnoc-
NH). 5.11 (1,1 H. I = 9.9 Hz, H-4), 5.03 (br d, I H, J = 7,2 Hz, H-
2),4.33 Or a, 2 H, OCH2CH). 4.23 (dd, I H, J =12.5, 3.2 Hz, H-
6a), 4.15-4.12 (m, 3 H. H-S, CHC6H4 O,CH2CJI), 4.02 (br d, 1 H, 
I = 12.1 Hz, H-6b), 3.07-2.90 fm. 2 B, C112C5H4), 2.72-2,55 (in, 2 
H, CH2CO), 2.42 (s,3 H, SM.,), 2.02, 1.98,.1.97 (3 a, 12 1-1, OAc). 
13C NMR 8= 174.11, 170.62, 170.20, 169.94, 169.45, 169.19, 
155.50, 146.95, 145:06, 143.63, 141.33, 130.00, 127.75, 127.02, 
124.89, 123.88, 120.01, 91.06, 69.77, 69.60, 69.42, 67.78, 66.49, 
61.23,48.99,47.14,40.24,39.50,20,67,20.57, 15.00. 
FIRMS: mlz caled for C411LN4OS (M + H)4: 849.2653; found: 
849.2659. 

Compounds 4; General Procedures 
To 3 (1 equiv) in freshly distilled THF (0.5 mL) was added DBC 
(0.7% equiv). The mixture was stixred at r.t. for 1 h. The mixture 
was concentrated and purified on preparative TLC (33% EtOAc in 
hexane) to afford pure 4. 

(S)-2-(2’,3’,4’,6’-Tetra-O.acetyl-a-D-galactopyranosyl)amino-6.. 
(4-metbylbenzyl)-5,6-dihydro-4.-pyrlmldinone (4a) 
Compound 4a was prepared from 3a (20 tug, 0.025 mmol). 
Yield: 6 mg (45%); white foam. 
’H NMR: S = 7.10 (d, 2 H. I = 7.8 Hz, C6I14), 7.00 (ci. 2 H, I = 8.0 
Hz, C6H), 6.23 (d, I I-1,J= 3.7 Hz, H-I), 5.42 (dd, I 11,1 = 3.2, 1.1 
Hz, 11-41, 5.38 (dd, 1 1!, 1 = 10.9, 3.3 Hz, 11-31, 5,24 (dd, 1 H, 
I = 10,8, 3.7 11-2’), 4.37 (t. I H, 1=6.8 Hz, 11.5’), 4,02 (d, 2 H, 
J = 6.6 Hz, H-6a", H-6b’), 3.92-3.86 (m, I 1*, 11-6), 2.86 (dd, 1 H, 
1= 13.8, 6.1 Hz, CEf2C6fl), 2.78 (dd, I H. 1= 13.8, 7.7 Hz, 
CH2C6114), 2.70 (dd, 1 H. 1 = 16.8, 5.1 Hz, H-5a), 232 (dd, I H, 
J= 16.8, 9.6 Hz, H-5b), 2.27 (s, 3 H. C5H4CH3); 2.08, 1.98, 1.94, 
1.91 (4s, 12 H, OAc). 
13C NMR: 5 = 170.36, 170.27, 170:18, 169.79. 167.27, 161.79, 
137.49, 131.54, 129:89, 128.99, 90.76, 68.25, 67.63,67.37,66.76, 
61.13, 50.16,40.47,35.78, 21.0.7,20.78,20.68,20.63. 
HRMS: nih calcd for CHN30,0 (M + H)4: 548.2245; found; 
548.2422. 

(S-2-(2’,3’,4’,6’-T*a-O-aceyl-c&-D-ga1actopyranosyl)runiim-
56-tlihydro-4-pyrhnidInone (4b) 
Compound 4b was prepared from 3b (50-mg, 0.07 mmol). 
Yield: ’11 mg (35175); colorless foam. 

’H NMR: 6=6.22(d, 1 H,J=3.5 Hz, H-l’), 5.40 (dd, 1 H,J=3.2, 
1.3 Hz, H.4’), 5.36 (dd, I H. I = 10.9, 3.3 Hz, H-3’), 5.22 (dd, 1 11, 
J= 10.9,3.5 Hz, H-21,443 (t, I H, I =63 Hz, H-51),4.05 (d, 2 H, 
J = 6.7 Hz, H-6’a, H-6’b), 3.69 (ddd, 1 H,) = 13.2, 10.5, 5A Hz, H. 
6a), 3.58 (di, 1 H, I = I 3.1, 6.4 Hz, H-6b), 2.75 (di. 1 H. I = 16.9, 
5.4 Hz, H.Sa), 2.66 (ddd, J = 16.9, 10.4,6.5 Hz, H-5b), 2.09, 1.98, 
1.97, 1.90, (4 s, 12 H. OAc). 

13C NMR: 6 = 170.49, 170.25, 169.86, 168.62, 161.92, 90.70, 
68.19,68.11,66.93,61.36,37.04,30.42,20.92,20.75,-20.67,20.63. 

HRMS: nt/z calcd for C,811N3010 (M + H): 444.1618; found: 444.1614. 

(S)-2-(2’,3’,4’,6’-Tetra-O.cz-acetyl-ci-D.glucopyranosyl)ainino-6-
(4-methylbenzyl)-S,6-dihydro-4-pyriniidiuone (4c) 
Compound 4c-1 (8.4 mg, 31%, colorless foam) and 4c-1I (9 ing, 

34%, colorless foam) were prepared from 3c (40 mg, 0.05 mmol). Compound 4c-I 

’H NMR: 8=7.15 (d, 2 H, J = 7.8 Hz, C6H4), 7.06 (ci, 2 H. J = 8.0 
Hz, C6114), 6.26 (a, 1 11,1 = 3.8 Hz, H-I’), 536 (t, 1 H, J = 9.9 Hz, 

U-31,5.14 (1, 1 11,1 = 9.9 Hz, R4),5.07 (dd, I H. J = 10.3,3.8 Hz, 

11-2’), 4.26 (dd, I H, J = 12.5,3.5 Hz, H-6a’), 4.18 (di., 1H,1=  10.3, 
2.7 Hz, 11-5’), 4.05 (dd, I H,J = 12.5,2.1 Hz, 14-6b’), 3.97-3.91 (in, 

I H, H-6), 2.92 (dd, 1 11,1 = 13.8. 6.1 Hz, CF12C6114), 2.83 (dd, 1 H, J = 13.8, 7.8 Hz, Ci12C6114), 2.76 (dd, 1 H,) = 16.8, 5.1 Hz, H-5a), 

2.57 (dd, I H, I = 16.8,9,614z, H-5b), 2.33 (s, 3 U, C6H4C113). 2.07, 
2.03,2.00, 1.99 (4s, 12 H, OAc). 

13C NMR, 6= 170.70, 170.03, 170.00, 169.59, 167.16, 161.59, 
13734, 131.47, 129.90, 128.98,90.12, 69,96,69-46,69.24,67.97. 

61.35, 50.17,40.46,35.79,21,07,20.71, 20.67, 20.57. 

HRMS: mFz calcd for CHN3010 (M + HY: 548.2246; found.: 
548.2243. 

Compound 4c-I1 

’H NMI: 87.09(d,2H.I=73 Hz, C6H4),6.97(d.2 H,J=7.8 
Hz, 5.61 (hr s, 1 H. NH), 5,44 (br a, 1 11,11-3’), 5.23 (bra, I 
H, H- 11, 4.94 (t, I H, .1 = 9.7 Hz, H-41,4.87 (br d,.1 11,1 = 6.5 Hz, 

11-21, 4.00 (hr d, I H. I = 10.7 Hz, Ma), 3.82-3.72 (br in, I H. H-

51,3.75-3.65 Or m, 1 H. H-6),3.38 (br ci, 1 H, I = 11.8 Hz, H-6b’), 
2.82 (br d, 111,1=11.1 Hz, CH2C6H4),2.65 (br d, I 11,1=15.6Hz, 
H5a), 2.63-2,57 (in, I H. C/4C6H), 2.40 (dd, 1 H, I = 16.7, 95 

Hz, H-5b), 2.25 (a, 3 H, C6H 4CH3), 2.02, 1.99, 1.95, 1.93 (4s, 12 H, 
OAc). 

C NMR: 8 = 170.35, 170.13, 169.98, 169.60, 137.29, 132.60, 
129,83, 128.88, 79.91, 70.65, 70.09, 68.38, 67.48, 61.86, 50.85, 
41.’04,36.85,20.97,20.84,20.68,20.59. 

HRMS: mlz calcd for CRN3010 (M + Hr: 548.2246; found: 5482247. (S-2-(2’,4’,6’-Tetra-O-acetyl-Ø-D-glucopyranosyl)ainincl.6-etbylphenyl-5,6-dihydro-4-pyrlmidinone (48) Compound 4d-1 (11.2 mg, 34%, white foam) and 4d-ll (7.2 mg, 22%, white foam) were prepared from 3d (50 mg, 0.06 mineD. Compound 4d-1 

’H NMR: 8=7.25(t,211,J=7.3 Hz, Ph), 7.18(t, 1 11, J=7.4Hz. 
Ph), 7.11 (d, 211,1=7.0Hz, Ph), 6.23 (ci, 1 11,)- 3.8 Hz, H. 11, 
5.52 (i, I H, I = 9.9 Hz, H-31.5. 10 (t, 1 H. J = 9.8 Hz, H-4),5.02 

(dd, I H. J = 10.3,3.8 Hz, H-21,4.23 (dd, 1 H. I = 12.3, 3-5 Hz, 0-6a’), 4.21-4.17 (in, 1 H. H-51, 4.02 (dd, I H, J= 122, 1.7 Hz, H’ 6b’), 3..68-3.61 (in, I H, H-6), 2.75 (dd, I H, 1- 16.8, 5.4 Hz, H 

5a), 2.70-2.63 (in, 2H,Cll2Ph),230(dd, I H. J- 16.8,8.4H7, I+ 
5b), 2.02, 1.97, 1.95. 1.94 (4 a, 12 H, OAc) 1.97-182 (in, 2 H 
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’C NMR: 8= 170.71, 170.01, 169.92, 169.56, 167.32 161.92, 
139.19,12t.96. 128.19.126.71. 90.18. 69.93, 69.47, 69.73, 67.86, 
61.37. 47.78 3.93, 35.83, 31.29, 20.73, 20.66, 20.58. 

HRMS: mit calcd for C2H4!43010 (M + H): 548.2245; found: 
548.2248. . . 

Compound 4d.I1 
’HNMR: 8=7.24(t,2H,J=73 HZ, Ph),7.16(t, I H,,J= 7.3 HZ. 
Ph). 7,10 (d, 2 H. J 7.3 Hz, Ph), 5.68 (bra, I H, NH), 5.48 (t, 1 H, 
1 = 9.8 Hz, 14-3’), 3.22 (d, I H. J = 4.3 Hz, H- 1’), 4.98 (t, 1 H. 
J = 9.7 Hz, H-41,4.89 (dd, 1 H, J = 10.3,4.0 Hz, 14-2’), 4.08-4.03 
(rn, 2 1-1, H-6a’, H-6b’), 3,94-3.91 (in, 1 H, 14-5’), 3.56-330. (in, I 
F!, H4), 2.66-2.62 (m, 3. H, CH2Ph, H-5a), 2.38 (dd, I H,) = 16.3, 
7.6 Hz, H-5b), 2.11,1.96.1.95 Q s, 12 H, OAc), 1.98-1.79 (in, 2 H, 
CH2CH2Ph). 
9C .NMR: b=170.43, 170.19, 169.99, 169.68, 139.82, 128.78, 
128.21, 126.57, 79.46, 70.47, 70.13, 68.72, 67.70. 62.33, 48.46, 
36-43,36.28,31.55,20.93, 20.69.20.64. 

HRMS: mit calcd for C26HN3010 (M + H)’: 548.2246; found: 
548.2245. 

(S).2-(2’,3’,4’,6’-Tetra-O-acety1-u-D-gIueopyianosy1)amino-6-
(4-nitrobenzyl)-5,6-dlhydro-4-pyrirnidinonc (4e) 
Compound 4e was prepared from 3e (20 mg, 0.024 inmol). 
Yield: 9 mg (66%); white foam. 
’H NMR:8=8.18(d, 2 H,J=8.6 Hz, C6FL3.), 7.23 (d, 214,1=8.6 
Hz, C6144), 6.19 (d, 1 14,1=3.7Hz, H- V), 5.51 (t, 1 H. 1=9.9Hz, 
H-31,5.09(t, I H,J=9.9 Hz, H-4’),S.Ol (dd, 114,1- 10.3,3.8 Hz, 
H-21,4.20 (dd, I H, 1=12.5,3.4, H-6a’), 4.16-4.11 (as, 1 H, 14-5’), 
4.00 (dd, 1 1-1,1= 12.6, 2,1 Hz, R-6b’), 4.01-3.95 (in, 1 H, 14-6), 
3.00 (d, 2 H, I 6.9 Hz, C112C6}(4), 2.76 (dd, I H,) = 16.7,5.3, H-
5a), 2.54 (dd, 1 11,1 = 16.7. 8.6 Hz, H-Sb), 2.01, 1.97,1.95,1.94 (4 
s, 1211, OAc). 
13C NMR: 8 = 170.67, 169.97, 169.92, 169.51, 166.35, 157.65, 
147.60, 142.13, 130.13, 124.42, 90.34, 69.87, 69.44, 69.34, 67.82, 
61.31,49-63,40.59,35.57,2D.71,20.65,20.58. 
lIRMS: mit calcd for CH31N4012 (M + fly’: 579.1939; found: 
579.1934. 
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TABLE 

- ompound Dose 

10 
6 10 

22 10 

"(fl) 

f0011 T 

[0061] As pharmaceutical acceptable salts of a compound pu–se of th 
of general formula (I), sodium salt, potassium salt and the disclosed 
inorganic base are mentioned. 42-5 cqrrà 

[0062] In case of A1 contains pyridine base, salts of 
inorganic and organic acids are, mentioned. As the salt of 
inorganic acid, hydrochloride and sulfate are mentioned. As 
the salt of organic acid, acetate, succinate and fumalate are 

ethyl 
mentioned. 

I 

[0063] A compound of general formula (1) can be used 1007I 
itself or formulated to pharmaceutical product such as 
powder, granule, tablet and capsule by known pharmaceu-
tical technology and can be orally administrable, It can be 
also administered not orally such as direct administration to 
rectal and in the form of injection. An effective dosage of the 
compound is from 10 to 1000mg once to several times a day 
for adults, through it may be adjusted depending an age, a 
body weight and symptoms o 

[0064] PHARMACOLOGICAL EXPERIMENT 

[0065). The pharmacological test of urinary glucose excre-
tion in rat is described that follow, S 

[0066] Measurement of Urinary Glucose Excretion in Rats 

[0061] 20 mg of test compounds were dissolved in 10 mL 1007  (a) 
saline containing 20% dimethylsulufoxide 4,6$ o i 
[00683 Test compound (10 mg/S mL/kg, 1 

p ) was admin-
istered twice an 8 hr interval to male SD rats (6 weeks old, 
3 animals/group). An equal volume of vehicle was given to 
the control group. Urine was collected for 24 hr after first 
administration in metabolic cages. 

[0069] The urine was centrifuged and urine volume was 
measured. Glucose concentration (mg/dl) was assayed using BnO* 

Glucose CH test Wako (Wako Pure Chemicals, Japan). The 
amounts of glucose excretion during 24 hr was calculated 
from the following equation. 

[0010] Glucose secretion (mgt24hr)(AxB)/100 
[0 016 To 

Urinary 

15, 

in) 

following Exai iple are pro4i4 only 
D preparation 01 the compound a4d not 
invention. The (oUowing comrpo.nd I. 
ond to that of table 1-7. I 

Exa–ple 1 

(A the urine volume, ; me glucose con n- D-gli ohept4-cnitol (2.0 g, [I), obtained on tot 
tration) zylgi nolsctone (XI) by ’ebbe reaction, was 

(0012] The result are shown in Table 8. °(?for*7 , the reaction 
7tfl)0 temperature. 
xture as cooled to ler 

re 
m to 

TABLE 8 

Urinary giuose excretion 
Compound Dose (mg/ks) (mg/24 in). 

1 10 4.1 
3’ 10 241 
4 10 289 

tire ’àilid 3M U04 (3.3 mL) as added. Tir 
by tb addidon of 1,3-dime t xyiodobenze 
PdCi2 (dppf) (160 mg). Res ting solution 
room emperature for 3 hr. Th reaction mixi 
into E 20(3Ô mL) and washed with brine. Or 
dried war 14a2804, Filtratio i and obtain 
follo’c ad by chromatography on silicagel ( 

19A ) tp give thecompoun 33 in 92% y 

at 
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45 de (a Decision 486 de (a ComisiOn de la Comunidad Andina, se le comunica 

t Documentos estudiados 

Descripción Folios 13 a 70 (Como se radicó 
inicialmente) 

Reivindicaciones: Folios 71 a 87 (Como se radicô. 
inicialmente) 

Piloridad: Fecha:01-08-2003; pals y nCimero: 60/491,523; 

2 Objeto de la lnvenclôn 

Titulo de la invención: "COMPUESTOS S NOVEDOSOS QUE TIENEN UNA 
ACTIVIDAD INHIBIDORA CONTRA EL TANSPORTADOR DE GLUCOSA 
DEPENDIENTE DEL SODIO PRESENTE EN ELINTESTINO 0 EL RlON" 

Problema TØcnico Planteado (a necesidad de eliminar el exceso de glucosa 
directamente en la orina, con elfin de normalizar la concentración de glucosa 
en la sangre 



Solución: Derivados glucosilados inhibidores 

IPC: A61 P3/I 0; A61 K31/7034 

3. Do la soficitud de Patente 

a. Reivindicaciones (articulo.30 D486.) 

le SGLT. 

las reivindicaciones 1, 2, 3,4, 5, 7, 8, 9, I cØrecen de 
que se presenta un nUmero demasiad.o ilto de alterna 
recomienda at solicitante limite el alcance $ las siguientes 
monociclico", "heterociclico nosaturado", ’sustituido opci 
heterociclico fusionado no satu.rado", "un .gu 0 alquilo inferic 
inferior", "alcoxicarbon ilo inferior", "atcox ", "hidroxialq 
"haloalcoxr", "alcoxialcoxi", "alq uenito", "alquin Jo", ’cicloatquer 
"arito", "ariloxi", "arilatcoxi", "d alquilamino", 
"alcoxicarbonilamino", "dialquilcarbamoilo" "alcanoilo", If,, 

"arilsulfonilamino", "alquiltio", "aiquilsulfinilo’, "älquilsulfon 
"alquiltio", "dialq ulisulfamoilo". 

Las reivindicaciones 1-16 reclaman un profarmaco d 
des.critos anteriormente. Sin embargo Ia desc ipciôn carece c 
permita establecer la estructura del profÆrmac , Ia forma cor 
el mismo y su utilidad para resolver el probl ma tØcnico o 
soticitud 

Las reivindicaciones mencionadas no cum pt n con el requi 
sustento por la descripciôn de acuerdo at art. 30 de la Dec 
Tratado PCT 

4 Unldad do invenclôn (articulo 25 D’,  
/ \ 

Analizar y argumentar la falta de unidad de r 
diferØntes conceptos inventivos que se presen 
existe una relaciOn entre ellos. 

Concluir indicando que no cumplen con el requi 

5. ExcepclOn a la patentabilidad (articulo 2 

Las reivindicaciones 18 y 19 rectaman e! rr 
diabetes. Estas reivindicaciones no son patent 

6 Determinaciôn del Estado de Ia TØcnica 

Pill 
n y las. razne 

ncision qe iai 
vas posibl s. 
xpresioncs "ai 
natmente", "ai 

"grupo al an 
0", "halo Iqu 
0", "cicIol uik 

ariisuijton 

puede obtne 
:o de la 1p se 

de cc 
i 486. 

lo Wass en to 
11

 

por las cu tes nc 

de unidad de invencióij. 

D486 literal d)) 

todo para el 

La fecha que se ha tenido en cuenta paradØterminar el Esi 
es: � .. ;. .. 

Fecha de presentación de la solicitjd prioria 01-08-2003 

Teniendo en cuenta la fecha indicad.a se real zó Ia büsqueda 
tØcnica de documentos relacionados con la solicitud en 
siguientes documentos mÆs relevantes: 

de la 

n �1 

de 

de 

S 



NO D ’umnto Titulo ec a do 
publicaciôn* 

The american society METABOLISM OF 44’-for pharmacology and METHYLENEBIS(2-CHLOROANILINE) 01 experimentalBY CANINE LIYER. AND KIDNEY 1986 
therapeutics. Vol SLICES No. .2  

C-GLYCOSIDES AND PREPARATION 
02 U82001/00441674 OF THEREOF AS ANTIDIABETIC 15-11-2001 

AGENTS  

ZENE DERIVM1VES, MEDICINAL 

LJ LVLUU 
COMPOSITIONS CONTAINING THE 

- - 

2001 SAME AND INTERMEDIATES FOR 
THE PREPARATION OF THE 
DERIVATIVES  

7 AnÆflsis de Patentabllldad (Art 14 D486) 

Novedad (Art. 16 D 486) 

La reivindicaciôn 1 reclama un derivado de la. formula (I): 

El documento DI divulga el compuesto N-4-[4-amino-3-chIorophenyI)methyI]-2-
clorofonil]-beta-D-gIucopiranosilamlna.. MBOCA-glucôsido (resumen). Este 
compuesto so encuentra comprefldido dentro de la materia reclamada �M 
En consecuencia la reivindicaciOn I no cumple con el requisito de riovedad. 

Nivel Inventivo (ArtI 8 D486) 

El estado de la TØcnica mÆs cercano es D2 .que divulga derivados glucosidicos 
utiles para el tratamierito de la diabetes (resumen) 

La solicitud se diferencia do 02esenóialrnente  en la presencla del grupo anilina 
quo une la glucopiranosa con el anillo’A 

El Efecto TØcnico que logra la diferencia no so puede establecer, debido a que 
la solicitud carece do informÆciOn quo evidencie Ia utilidad do los compuestos 
para resolver el problema tØcnico, 0 uria eventual ventaja do los mismos. Sin 
embargo D2 enseæa un estudio do atividad farmacolOgica (pag. 16 pÆrrafo 64), 
en donde so demuestra que la mayoria de los compuestos ensayados 
incrementan la eliminaciOn de glucosa a travØs de la anna. 

El Problema TØcnico Objetivo do esta solicitud consiste en posibles inhibidores 
de SGLT alternativos y analogos a los divulgados en el estado do la tØcnica. 
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D3 describe derivados glucosidicos en los Cu des Ia glucopiri nosa se on, 
unida al anillo aromÆtico mediante el oxiger o, evidenciando que a pips 
sustitución de là cadena carbonada de los rornpuestos div Igados por 
un elernento como el .oxlgeno, se conserva 110 actMdad inhib dora sobe 
En consecuencia es evidente que, el experto nla materla bi sque anªlc 
glucopiranosa realizàndo .mOdificaciones a Ia, estructura en D2 coi 
sugeridas por D3. Asf, los córnpuestos  y CQ iposiciones de 13s reivindic 
I a 17 carecen de .nivel inventivo H 

8 Conclusion S 

Los requisitos de Patentabilidad de Ia presente Solici d se eflc’ 
afectados asI:. 

e l 

. 

No Documento ReM, dicaClonos R qulsito que afe ta 
at ctadas 

The american society for I - Novedac 
pharmacology and 

experimental therapeutics. 
Vol 14, No. 2 . 

D2 �U82001/00441674 .; a 17 Nivel Inven ivo 

D3 
- CA2402609 .T_a 17 = Nivel Invenjivo: 

En cumpUrniento del art(culo 45 de Ia. De islón .466 de 13 Comis 
Comunidad Andina, se le indica que debe?..d’11r respuesta de tro del t 
sesenta dias contados a prtirde Ia . fecha de notificaci n de. Ia 
comunicación. En caso de no dar respuest al presente re uerimier 
pesar de Ia respuesta subsistieran los imç edirnentos pan Ia conc 
denegara Ia patente. 

Notifiquese el presente oficIo conforme a Ic dispuesto en el lurneral 
e), del dapftulo quinto del titulo primero de Ia Circullar Unica N’ .10 de 2( 

"?IEALIXCARMESPEDESDEVERGEL 
Directora de Ns Creacior,es (C). 

El anterior requerimiento fUe notificado or . fijaciôn  en lista, de 
.4JLZD . 

de I 
no Id 

- : 
CONCEPTO TECNICO 

S 

. EXAMINADOR iTtCNICO 
No. 1852 CodigoNo. 02073 

OW 


