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Figure 3. CD spectrum (190-260 nm region) of hSs,;hS-29°" in TFE solution.
Peptide concentration: 0.5 mM.

aminoisobutyric acid (Aib) and a cross-linked unit stabilized the
helical structures of short Leu-based peptides with structure A
(Fig. 1)as reported by Grubbs and Verdine.>° These peptides were
able to efficiently catalyze the enantioselective epoxidation of
o, p-unsaturated ketones.>'As peptides A contain the LXXLL motif,
we considered that any short peptide based on this structure
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should bind to the VDR and inhibit VDR-coactivator interactions
(Fig. 2). Here, we synthesized several stapled heptapeptides con-
taining the LXXLL motif and evaluated their ability to inhibit
VDR-coactivator interactions.

The stapled peptides 53,75-2, S3,7R-2, R3,7S"2, R3,7R-2, h53,7S-2,
and hSs,7hS-2 were prepared according to the previously reported
methods.>! Then, their C- and N-termini were deprotected to
afford C- and N-terminal-free peptides; that is, H-S3,75-2-OH
(DPI-01), H-S37,R-2-OH (DPI-02), H-R;,;5-2-OH (DPI-03), H-Rs,;
R-2-OH (DPI-04), H-hSs,,8-2-OH (DPI-05), and H-hSs,7hS-2-OH
(DPI-06), respectively. The stapled peptide hSs,7hS-29°" which
possessed two hydroxyl group side chains, was synthesized from
the linear peptide hS3,7hS-1%" via a ruthenium-catalyzed intramo-
lecular ring-closing metathesis reaction followed by osmium cata-
lyzed dihydroxylation.? Finally, the C- and N-terminal protecting
groups of hSs7hS-29°" were removed to obtain H-hSs,;hS-29CH-OH
(DPI-07) (Scheme 1).3* The isomeric mixture of DPI-07 was not
separated.

The inhibitory activity of the synthetic peptides DPI-01-07
against VDR-coactivator interactions was evaluated using the En-
Bio receptor cofactor assay system (RCAS) for the VDR kit (Fujikura
Kasei Co., Ltd) according to the manufacturer’s instructions.>* The
results are summarized in Table 1. Most of the peptides exhibited
weak activity against VDR-coactivator interactions (ICsp: 220-
610 uM, entries 1-6); however, DPI-07, which possesses the
side-chain hydroxyl groups, displayed 70-fold greater activity than
the other peptides (ICso: 3.2 UM, entry 7).

The dominant conformations of the N- and C-terminal pro-
tected peptides S3,75-2, 83,7R-2, R3,75-2, R3,7,R-2, h53,7s-2, hS3,7hS-
2, and hS;,7h8-29°" were analyzed using the CD spectra in 2,2,2-tri-

Figure 4. (a) Chemical structure of the modeled DPI-07 derivative (B). (b) Modeled structure of B bound to the VDR. The VDR surface is shown in gray. (c) Overlay of the X-ray
structure of the coactivator fragment (yellow, PDB ID 3AUN) bound to the VDR and the calculated structure of B bound to the VDR,
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fluoroethanol (TFE) solution. The CD spectrum ofhS;,7hS-290H
showed negative maxima at around 206 and 222 nm, which indi-
cates that hSs;hS-29°" was folded into a right-handed helical
structure as the preferred secondary structure (Fig. 3).3° The other
peptides S3,7S-2, S3,7R-2, R3,7S-2, R3,7R-2, h$3,7S-2, and 1153,7115'2
had the similar CD patterns and intensities to hSs,,hS-24°" in TFE
solution, respectively.3-31-36

Next, we used the X-ray co-crystal structure (PDB: 3AUN) of
VDR bound to the LXXLL motif found in its coactivators to perform
docking studies.>” Accordingly, a docking model of a DPI-07 deriv-
ative (B) (Fig. 4a)*® bound to the VDR was constructed based on a
conformational search in MacroModel (ver. 9.1). AMBER* was used
as the force field, and more than 10,000 conformers for B were
optimized. The most stable conformation is shown in Figure 4b.
In the modeled structure of B, the three Leu residues at the 2nd,
5th, and 6th positions are oriented around the hydrophobic region
(1le234, 11e238, Leu259, Ala263, and Val417) of the VDR. The posi-
tions of these three Leu residues in B displayed good agreement
with those of the leucine residues in the LXXLL coactivator motif
(Leu630, Leu633, and Leu634) during its binding to the VDR
(Fig. 4c).>” Furthermore, when B binds to the VDR its hydroxyl
group side chains are located on either side of the Leu-containing
motif. These hydroxyl groups could increase the affinity of DPI-
07 for water molecules surrounding the protein, and hence, DPI-
07 strongly binds to the protein. Although all synthetic peptides
had the similar helicity, the peptides without any hydroxyl groups
did not show strong inhibitory activity (ICso: 220-610 uM). These
results also mean that the side-chain hydroxyl groups of the sta-
pled peptide play an important role to develop the strong affinity.

In summary, we developed stapled short helical peptides (DPI-
01-07) containing an LXXLL motif. The ability of these peptides to
inhibit VDR-coactivator interactions was evaluated in an inhibi-
tion assay. Peptides DPI-01-06, which do not contain hydroxyl
groups in their covalent side chains, exhibited weak inhibitory
activity (ICsq: 220-610 uM), whereas DPI-07, which possesses
the side-chain hydroxyl groups, displayed strong inhibitory activ-
ity (ICso: 3.2 uM). Stapled short helical peptides like DPI-07 might
be useful for treating conditions involving hypersensitivity to
10,25(0H),Ds. Transcriptional inhibition assays, the derivatization
of further peptides, and studies of their effects on other nuclear
receptors are currently underway.
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osmium tetroxide (25 pL) was dissolved in acetone/t-BuOH/water (7 mL, 3/
3/1) and then stirred at room temperature for 24 h. Next, saturated aqueous
sodium thiosulfate (30 mL) was added to the solution and stirred at room
temperature for 30 min. The resultant solution was diluted with AcOEt,
washed with 1% aqueous HCl and brine, and dried over Na,SO4. After the
solvent had been removed, the residue was purified by column
chromatography on silica gel (AcOEt/MeOH =20:1) to give hS;;hSi0H-2
(39 mg, 62%). Spectroscopic data for hS;7189°"-2: Foam; [03* —33.9 (c 0.50,
CHCl3); IR (in CHCl3): v=3326, 2959, 1665, 1529, 1251, 1159 “™~'; TH NMR
(400 MHz, CDCl3) 7.96 (d, J = 6.4 Hz, 1H), 7.56 (d, J = 4.8 Hz, TH), 7.26 (m, 2H),
7.16 (d, J= 10.0 Hz, 1H), 6.98 (d, ] = 4.8 Hz, 1H), 6.56 (m, 1H), 4.99-5.12 (m,
2H), 4.50-4.78 (m, 2H), 4.25 (m, 1H), 4.13 (m, 1H), 3.94-4.02 (m, 3H), 3.73
(s, 3H), 3.54-3.68 (i, 6H), 3.22-3.46 (m, 3H), 2.22 (m, 1H), 1.81-1.94 (m,
4H), 1.61-1.71 (m, 10H), 1.43-1.48 (m, 14H), 1.00~1.30 (m, 2H), 0.89-0.99
(m, 24H); [HR-ESI(+)]: m/z calcd for CssHg3sN;O14Na [M+Na]™: 980.5890;
actual: 980.5883.

A solution of hS37hS“°"-2 (30 mg, 0.03 mmol) and 1M aqueous NaOH
(0.06 mL) in MeOH (1 mL) was stirred at room temperature for 12 h. Then,
the solution was neutralized with 1 M aqueous HCl, extracted with AcOEt, and
dried over Na,SO4. After the solvent had been removed, the residue was
purified by column chromatography on silica gel (AcOEt/MeOH = 5:1) to give
hSs,771S9%H-2-carboxylic acid. Next, 6 M aqueous HCI (0.05 mL) was added to a
solution of the above acid in tetrahydrofuran (1 mL) at 0°C, before being
stirred at room temperature for 5 h, The removal of the solvent afforded the N-
and C-terminal-free heptapeptide H-hSs,7h$®"-2-OH (DPI-07) (20 mg, 81%).
Spectroscopic data for DPI-07: Foam; [¢J3* —~16.1 (c 1.00, CHCl3); 'H NMR
(400 MHz, CD30D) 6 4.68 (m, 1H), 4.20-4.48 (m, 4H), 3.96 (m, 1H), 3.48-3.81
(m, 10H), 1.47-2.39 (m, 22H), 0.95-1.06 (m, 24H); [HR-ESI(+)]: m/z calcd for
CaoH74N701, [M+H]": 844.5395; actual: 844.5350.

Synthesized peptides were dissolved in DMSO to final concentrations of
2.5 x 107,25 x 107%,2.5 x 1074, and 2.5 x 10~3 M. The relative activity of the
positive control 10,25(0H);D3 was calculated the formula B/Bmax =(C — B)/
(A — B)%, where A is the ODy4so value of the positive control in an SRC(+) well
minus the ODy4s0 value of the positive control in an SRC(—) well; B is the ODyso
value of the negative control in an SRC(+) well minus the OD4s¢ value of the
positive control in an SRC(—) well; Cis the OD4so value of the peptide sample in
an SRC(+) well minus the ODy4so value of the peptide sample in an SRC(—) well.
All peptides were precipitated in 2.5 x 107> M.
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A novel series of uracil derivatives with a 3,5-dimethylbenzyl group at the N3-position were synthesized
and evaluated as non-nucleoside HIV-1 reverse transcriptase inhibitors. Some of these compounds
showed good-to-moderate activity with ECso values in the submicromolar range. Among them, com-
pound 10¢ showed significant potency against HIV-1 activity with an ECsq value of 0.03 uM and a high
selectivity index of 2863. Preliminary structure-activity relationships and molecular modeling analyses
were used to explore the major interactions between HIV-1 reverse transcriptase and the potent inhibitor
10c, which may serve as an important lead for further optimization.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Non-nucleoside reverse transcriptase inhibitors (NNRTIs) are a
structurally diverse group of compounds that bind to the viral en-
zyme reverse transcriptase (RT), where the NNRTIs' interact with a
specific allosteric non-substrate binding pocket site. It is interest-
ing that some NNRTIs have an aromatic group at the 6-position
of uracil skeleton. For instance, in 1989, Baba et al?® discov-
ered that 1-[(2-hydroxyethoxy)methyl]-6-phenylthiothymine (1a,
HEPT, Fig. 1) had strong anti-HIV-1 activity. Interestingly, HEPT
1a can be regarded as an acyclonucleoside analog, yet its 5'-tri-
phosphate derivative 1b showed no inhibitory effect on HIV-1
RT,?® suggesting that HEPT could be undoubtedly considered an
NNRTI despite having a uracil skeleton. Since the first finding of
HEPT 1a, related uracil derivatives have been synthesized.? We
have consistently searched for an anti-HIV-1 agent using the struc-
ture—activity relationships (SAR) of the 1,3-disubstituted and 1,3,6-
trisubstituted uracils.® As a result, we have demonstrated that the
3,5-dimethylbenzyl group at the 3-position of the uracil skeleton
plays an important role in an enhancement of the anti-HIV-1 activ-
ity; notably, 1-substituted (e.g., benzyl, cyanomethyl, or 4-picolyl
group) 3-(3,5-dimethylbenzyl)uracil 2a-c showed good antiviral
activity.3® Moreover, the introduction of an azido or amino group

* Corresponding author. Tel.: +81 87 894 5111; fax: +81 87 894 0181.
E-mail address: maruyama@kph.bunri-u.ac.jp (T. Maruyama).

0968-0896/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bmc.2013.06.061

at the 6-position of 1-benzyl-3-(3,5-dimethylbenzyl)uracil 2d
and 2e showed excellent potency with an ECsy of 0.067
0.011 uM and 0.069 +0.006 uM, respectively.> However, the
CCsp and corresponding SI values of compounds 2d and 2e were
not satisfactory (CCso 45.9+0.7 uM and 45.6+0.9 uM; SI 685
and 661, respectively).> Taken together, these results prompted
us to evaluate the following newly synthesized 1,3,6-trisubstituted
uracils with an aim to develop higher anti-HIV-1 activity and lower
cytotoxicity: (i) 6-alkylamino-introduced analogs of 1-benzyl-3-
(3,5-dimethylbenzyl)uracil (5 series) to examine the effect of
N-alkylation of the C6-amino group on 2e, and (ii) 1-substituted
derivatives of 6-azido (or amino)-3-(3,5-dimethylbenzyl)uracil (9
and 10 series) to investigate substituent effect when the N'-benzyl
group of 2d or 2e is replaced by an appropriate alkyl group such as
cyanomethyl, 2-picolyl and 4-picolyl groups. We also report on the
docking studies of the most promising inhibitor 10¢ with an RT
nevirapine binding site.

2. Results and discussion
2.1. Chemistry

To obtain a series of 6-amino-substituted analogs of 1-benzyl-
3-(3,5-dimethylbenzyl)uracil (5 series), 1-benzyl-6-chloro-3-(3,5-

dimethylbenzyl)uracil 4 was prepared in two steps from the
commercially available 6-chlorouracil 3 using our previously
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Figure 1. Structures of HEPT derivatives (1a, b) and 1-substituted-3-(3,5-dimethylbenzyl)uracil derivatives (2a-e).

reported method shown in Scheme 1.3 Then, compound 4 was
subjected to nucleophilic substitution with a variety of acyclic or
cyclic amines (e.g., dimethylamine, pyrrolidine, morpholine, or
benzylamine) in the presence of Na,COs in EtOH at 50-100 °C for
0.5-65h to give their 6-alkylamino-substituted analogs in 65-
100% yields (Scheme 1, 5b—j). In the case of the 6-acetamide analog
5a, 6-amino derivative 2b prepared from 3¢ was N-monoacetylat-
ed with Ac,0 and pyridine to obtain the corresponding derivative
5a.

The 6-azido (and amino)-1-substituted analogs of 3-(3,5-
dimethylbenzyl)uracil synthesis (9 and 10 series) also began with
6-chlorouracil 4 as a starting material and led to 1-methoxy-
methyl-6-chlorouracil 6 (Scheme 2). The resulting 6 was con-
densed with 3,5-dimethylbenzyl alcohol using the Mitsunobu
reaction® to afford 3-(3,5-dimethybenzyl) congener 7. The prod-
uct was carried out by deprotection of the N'-MOM group using
B-bromocatecholborane* in CH,Cl, to give the corresponding
N'-deprotected inseparable mixture of 8a and 6-bromo-substi-
tuted product 8b in 72% combined yield (ratio 8a/8b: 80/20).
Next, the resulting mixture of 8a and 8b was treated with bromo-
acetonitrile, 2-picolyl chloride or 4-picolyl chloride to give
the N'-alkylated congeners, and subsequently, the mixture of
6-chloro and 6-bromo derivatives was subjected to the nucleoph-
lic substitution at the C6-position in the uracil moiety with so-
dium azide to afford the single product of 6-azido substituted
analogs 9a-c. The reduction of compounds 9b and 9¢ was carried
out with lithium aluminum hydride to provide 6-amino com-
pound 10b and 10c, whereas the conversion of 9a was performed
using PPh;-H,0 condition® to obtain 10a, avoiding the excessive
reduction of cyanomethy! group of 9a.

2.2. Biological activity

The antiviral activity of the 6-alkylamino-substituted 1-benzyl-
3-(3,5-dimethylbenzyl)uracils 5a-j, 6-azido congeners 9a-¢, and
6-amino analogs 10a-c¢ of 1-substituted-3-(3,5-dimethylben-
zyluracils was determined by examining the inhibitory effects of
these compounds on the HIV-1-induced cytopathogenicity and
on cell viability in MT-4 cells. Zidovudine (AZT) was also tested

o)

; |
4[\ Il 6 o~ N7 Tal
o7 TN Tal >

'H —>
3

as a positive control. In the series of 6-alkylamino-substituted
analogs 5a~j shown in Table 1, almost every compound had con-
siderably reduced anti-HIV-1 activity when compared with 6-azido
or amino-introduced derivatives 2d and 2e, which displayed ECso
values of 0.067 +0.011 uM and 0.069 + 0.006 pM, respectively,>
suggesting that alkylation of the amino group at the 6-position
on the uracil moiety diminished anti-HIV-1 activity. Even N-
monomethylation of the amino group at the 6-position, such as
for compound 5b, resulted in centesimal decreased HIV-1 activity
(ECsp =7 £ 4 uM) in comparison to the corresponding 6-free amino
analog 2e.

Next, the introduction of an alkyl group (such as cyanomethyl,
2-picolyl, and 4-picolyl) at the N'-position of the uracil skeleton
in place of N'-benzyl group of 2d and 2e was investigated for the
SAR. Among the compounds 9a-c¢ and 10a-c shown in Table 1,
N'-2-picolyluracil congeners 9b and 10b showed good anti-HIV-1
activity with ECso values of 0.22+0.10 uM and 0.23 +0.06 puM,
respectively. Because CCsy values for both 9b and 10b exceeded
100 uM, their SI values were >457 and >443, respectively, which
were comparable to the SI values of the N'-benzyl uracil deriva-
tives 2d and 2e (658 and 661, respectively), reported in our previ-
ous study.> However, the introduction of an N'-4-picolyl group in
9c¢ and 10c¢ produced compounds with the strongest anti-HIV-1
potencies (ECsg 0.05 +0.02 uM and 0.03 £ 0.03 uM, respectively).
In particular, the 6-amino-1-(4-picolyl) analog 10c¢ not only exhib-
ited significant activity (at ECsp=0.03 £0.03 uM), but also dis-
played low cytotoxicity with CCsq >100 pM, resulting in an SI
>2863, which is high and comparable to those of the positive con-
trols AZT (SI >2769) or nevirapine® (SI >1639). In contrast, the 6-
azido-1-(4-picolyl) congener 9¢ showed moderate values for CCsp
of 59 +6 uM and for SI of 1162. As for the similar potencies (de-
fined by their similar ECsy values) among C6-azido analogs 2d,
9b and 9c¢, and C6-amino derivatives 2e, 10b and 10c, it is possible
that 6-azidouracil developed antiviral activity after metabolic con-
version to the 6-aminocongener. Finally, C6-azidouracil 9a with a
cyanomethyl group at the N' position was, unfortunately, 100
times less potent (ECsg = 3.5 + 1 uM) than its N'-4-picolyl counter-
part, 10c. Moreover, the 6-amino-1-cyanomethyl analog 10a
showed no antiviral activity.

0 5a: R= NHAc
5b: R = NHMe
N 5¢: R = NMe,

5d: R = pyrrolidinyl

5e: R = piperidinyl

5f: R = piperazinyl

5g: R = morpholyl

5h: R = cyclopropylamino
5i: R = cyclohexylamino
5j: R = benzylamino

Scheme 1. Synthesis of 6-alkylamino-substituted-1-benzyl-3-(3,5-dimethylbenzyl)uracil (5 series). Reagents and conditions: (i) see Ref. 3¢; (ii) K,CO3, EtOH, 50-100 °C, 0.5~

65 h, 65-100%.
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9a: Ry = cyanomethyl
9b: R{ = 2-picolyl
9c: Ry = 4-picolyl

vi or vii
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7
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L, —
o) FT| Ci
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1

10a: R4 = cyanomethyl
10b: R4 = 2-picolyl
10c: R4 = 4-picolyl!

Scheme 2. Synthesis of 6-azido-substituted-1-benzyl-3-(3,5-dimethylbenzyl)uracil (9 series) and Synthesis of 6-amino-1-substituted-3-(3,5-dimethylbenzyl)uracil (10
series). Reagents and conditions: (i) MOMCI, DBU, CH,Cl3, 0 °C, 20 min, 90%; (ii) 2,6-dimethylbenzylalcohol, TMAD, PPhs, 50 °C, 2 h, 93%; (iii) B-bromocatecholborane, CH,Cl,,
rt, 1 h, 72%; (iv) R-X (R = cyanomethyl, X = Br; R = 2-picolyl, X = ClI), K;CO3, DMF, 40-93%; (v) NaN3, DMF, rt, 30 min, 81-90%; (vi) PPhs, H.0, THF, rt, 10 h, 90%; (vii) LiAlHa, THF,

0°C, 5 min, 69-74%.

Table 1

Antiviral activity of 3-(3,5-dimethylbenzyl)uracil analogs against HIV-1

Q (o}
NH
NN )
N [o] 2\
HO o7 °N R,
o R1
AZT
N3 (zidovudine) 5a-j, 9a-c, 10a-c
Compound R Ry ECso? (1M) CCs0® (1M) NE
AZT - - 0.04 £0.04 >100 >2769
5a Bn NHAc >100 >100 -
5b Bn NHAc 7+4 65+3 9
5¢ Bn NMe, >48+5 48 £5 —
5d Bn Pyrrolidinyl >31+3 31+3 -
5e Bn Piperidiny! >47+3 473 -
5f Bn Piperidinyl >16+4 16+4 —
5g Bn Morpholyl >100 >100 -
5h Bn Cyclopropylamino >100 >100 —
5i Bn Cyclohexylamino >74+19 74+ 19 —
5j Bn NHBn >100 >100 -
9a Cyanomethyl N3 35+1 60+1 —
9b 2-Picolyl N3 0.22+0.10 >100 17
9c 4-Picolyl N3 0.05+0.02 59+6 >457
10a Cyanomethyl NH, >100 >100 1162
10b 2-Picolyl NH, 0.23+0.06 >100 >443
10c 4-Picolyl NH, 0.03+0.03 >100 >2863

4 ECsp, effective concentration; the concentration of compound required to protect the cell against viral cytopathogenicity by 50% in MT-4 cells.

b CCso, cytotoxic concentration; the concentration of compound that reduces the normal uninfected MT-4 cells viability by 50%.

€ S, selectivity index (CCsp/ECso).

2.3. Molecular modeling analysis

The X-Ray co-crystal structure (PDB: 1VRT) of HIV-1 RT with
nevirapine was taken from PDB (1VRT)® and used for docking stud-
ies. A docking model of ligand 18¢, which showed the most prom-
ising HIV-1 activity, bound to HIV-1 RT was constructed by
conformational search using MacroModel (ver. 9.1). AMBERx was
used as a force field, and more than 3000 conformers for 10c were
optimized. The most stable conformation is shown in Figure 2. The

hydrogen of the 6-amino group for 10c¢ is hydrogen bonded to the
amide group of Lys101 residue (NH- . -0=C), and the 3,5-dimethyl-
benzyl moiety was oriented around the hydrophobic area (Tyr181,
Tyr188, Trp229, and Leu234 residues) of HIV-1 RT. This result was
significantly different from that of the C6-deaminated counterpart
2c¢ in our previous report.” The nitrogen of the 4-picolyl formed a
hydrogen bond with the amide group of the Lys101 residue
(N-.-H-N), whereas the 3,5-dimethylbenzyl group at the N* posi-
tion existed around another hydrophobic area (Val106, Pro225,
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hydrophobic interaction
(Tyr181, Tyr188, Trp229, Leu234)

o ' hydrogen bond (Lys101)
N
N =~

Figure 2. Docking structure between HIV-RT and 6-amino-3-(3,5-dimethylbenzyl)-1-(4-picolyl)uracil (10¢).

Phe227, Leu234, and Pro236 residues) of HIV-1 RT. Most NNRTIs
are known to be engaged in the hydrogen bond with the backbone
of the amino acids Lys101.” Thus, the results from our docking
study with compound 108¢ suggest a role for the hydrogen bond
in the affinity with RT.

2.4. Conclusion

In the present study, a series of newly synthesized 1-substi-
tuted analogs of 6-azido or 6-amino-3-(3,5-dimethylbenzyl)uracil
exhibited good potency against HIV-1 activities. In particular, com-
pound 10c displayed excellent activity with an ECsy value of
0.03 + 0.03 uM and an Sl value of 2863. Furthermore, the simulated
binding model of 10¢ with HIV-1 RT indicated that the hydrogen of
the 6-amino group for 10c is hydrogen bonded to the amide group
of the Lys101 residue, and that the 3,5-dimethylbenzyl moiety was
oriented around the hydrophobic area (Tyr181, Tyr188, Trp229,
and Leu234 residues) of HIV-1 RT. Overall, this compound may
serve as the basis for further modification in the search for more
potent candidates for anti-HIV-1 chemotherapy.

3. Experimental section
3.1. Chemistry

TH NMR and *C NMR spectra were taken with an Ultrashield™
400 Plus FT NMR System (BRUKER, Germany). Chemical shifts and
coupling constants (J) were given in ¢ and Hz, respectively. Melting
points were determined on a Yanaco MP-500D. High-resolution
mass spectrometry was performed on an APEX IV mass spectrom-
eter (BRUKER) with electrospray ionization mass spectroscopy
(ESI-MS).

3.2. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-acetamidouracil (5a)

A solution of compound 2e (33.5mg, 0.1 mmol) and Ac,0
(189.1 pl, 2.0 mmol) in dry pyridine (0.3 ml) was stirred for

7 days at room temperature. The mixture was then evaporated
in vacuo and the residue was extracted with AcOEt. The organic
extracts were washed with water and saturated sodium chloride
solution, dried with sodium sulfate, and then evaporated. The res-
idue was purified by silica gel column chromatography (50%
AcOEt in hexane) to a white crystal 5a (13.2 mg, 0.035 mmol,
35%). 'TH NMR (400 MHz, CDCl3): & 11.60 (1H, br s, AcNH),
7.21-7.40 (5H, m, Bn), 7.06 (2H, s, 3,5-Me;-Bn), 6.90 (1H, s, 3,5-
Me,-Bn), 540 (1H, s, H-5), 5.21 (2H, s, Bn), 5.13 (2H, s, 3,5-
Me,-Bn), 2.64 (6H, s, Ac), 2.30 (6H, s, 3,5-Me,-Bn); C NMR
(100 MHz, CDCl3): 6 1994, 161.3, 158.2, 1504, 138.0, 136.9,
133.7, 129.6, 129.2, 128.7, 126.1, 126.1, 91.9, 46.1, 44.6, 32.5,
21.3; HRMS (ESI) Calcd for C;Hz3N3NaOs™ [M+Nal*: 400.16316.
Found 400.16349; mp: 212.3 °C.

3.3. General procedure for the synthesis of 5b-j

A solution of compound 4 (177.4 mg, 0.5 mmol), appropriate
amine (1.0 mmol) and Na,CO3 (106.0 mg, 1.0 mmol), in dry EtOH
(3.0 ml) was heated at 50-100 °C. After 0.5-65 h stirring, the mix-
ture was evaporated in vacuo and the residue was extracted with
AcOEt. The organic extracts were washed with water and saturated
sodium chloride solution, dried with sodium sulfate, and then
evaporated. The residue was purified by silica gel column chroma-
tography to afford 5b-j in 65-100% yield.

3.3.1. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-methylaminouracil
(5b)

Yield 92%; white crystal; "H NMR (400 MHz, CDCl5): § 7.20-7.39
(5H, m, Bn), 7.08 (2H, s, 3,5-Me,-Bn), 6.88 (1H, s, 3,5-Me,-Bn), 5.14
(2H, s, 3,5-Me,-Bn), 5.10 (2H, s, Bn), 4.88 (1H, s, H-5), 4.17 (1H, m,
NH), 2.69 (3H, d, ] 5.2, methylamino), 2.30 (6H, s, 3,5-Me,-Bn); 13C
NMR (100 MHz, CDCls): 6 162.7, 154.0, 152.1, 137.8, 137.5, 135.1,
129.3,128.9,128.2, 126.1, 126.0, 76.0, 45.7, 44.2, 29.9, 21.3; HRMS
(ESI) Caled for C1H»sN3NaO," [M+Nal]*: 372.16825. Found
372.16855; mp: 186.7 °C.
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3.3.2. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-dimethylaminouracil
(5¢)

Yield 100%; pale yellow oil; 'TH NMR (400 MHz, CDCl5): 6 7.15-
7.31 (5H, m, Bn), 6.99 (2H, s, 3,5-Me,-Bn), 6.85 (1H, s, 3,5-Me,-Bn),
5.29 (1H, s, H-5),5.07 (2H, s, Bn), 5.00 (2H, s, 3,5-Me,-Bn), 2.68 (6H,
s, 6-NMey), 2.25 (6H, s, 3,5-Me,-Bn); >C NMR (100 MHz, CDCl5): 6
162.9, 160.6, 152.9, 137.7, 137.1, 136.9, 129.1, 128.6, 127.5, 126.8,
126.3, 884, 48.8, 44.1, 42.5, 21.3; HRMS (ESI) Calcd for
C22H26N303+ [M+H]+I364.20195. Found 364.20256.

3.3.3. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-pyrrolidinyluracil (5d)

Yield 84%; white crystal; "TH NMR (400 MHz, CDCl5): 6 7.12-7.30
(5H, m, Bn), 7.04 (2H, s, 3,5-Me,-Bn), 6.86 (1H, s, 3,5-Me,-Bn), 5.21
(1H, s, H-5), 5.10 (2H, s, 3,5-Me,-Bn), 5.04 (2H, s, Bn), 3.13 (4H, m,
pirrolidinyl), 2.26 (6H, s, 3,5-Me,-Bn), 1.86 (4H, m, pirrolidinyl);
13C NMR (100 MHz, CDCl5): 6 162.8, 157.2, 153.3, 137.7, 137.3,
136.9, 129.0, 128.6, 127.3, 126.4, 126.0, 84.0, 51.5, 49.9, 44.1,
253, 21.3; HRMS (ESI) Caled for Co4H,sNsNaO,* [M+Na]*:
412.19955. Found 412.19893; mp: 132.2 °C.

3.3.4. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-piperidinyluracil (5e)

Yield 96%; pale yellow oil; "H NMR (400 MHz, CDCl5): 6 7.19-
7.29 (5H, m, Bn), 7.00 (2H, s, 3,5-Me,-Bn), 6.86 (1H, s, 3,5-Me,-
Bn), 5.30 (1H, s, H-5), 5.04 (2H, s, 3,5-Me,-Bn), 5.00 (2H, s, Bn),
2.85 (4H, m, piperidinyl), 2.24 (6H, s, 3,5-Me,-Bn), 1.56 (6H, m,
piperidinyl); *C NMR (100 MHz, CDCls): 6 163.1, 160.6, 152.9,
137.8, 137.8, 137.1, 129.1, 128.6, 127.5, 127.0, 126.4, 89.7, 52.3,
48.1, 44.1, 25.3, 23.9, 21.3; HRMS (ESI) Caled for Co5HpoN3NaO,*
[M+Na]": 426.21520. Found 426.21293.

3.3.5. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-piperazinyluracil (5f)

Yield 92%; pale yellow oil; 'TH NMR (400 MHz, CDCl): 6 7.19-
7.32 (5H, m, Bn), 7.01 (2H, s, 3,5-Me,-Bn), 6.86 (1H, s, 3,5-Me,-
Bn), 5.33 (1H, s, H-5), 5.07 (2H, s, Bn), 5.01 (2H, s, 3,5-Me,-Bn),
2.93 (4H, s, piperazinyl), 2.87 (4H, s, piperazinyl), 2.25 (6H, s,
3,5-Me,-Bn); '>C NMR (100 MHz, CDCl3): 6 162.9, 160.0, 152.8,
137.8, 136.9, 129.1, 128.7, 127.6, 126.8, 126.3, 90.1, 52.2, 48.1,
453, 442, 21.3; HRMS (ESI) Caled for CpsHpgN4NaOy*
[M+Na]*:405.22850. Found 405.22688.

3.3.6. 1-Benzyl-3-(3,5-dimethylbenzyl)-6-morpholyluracil (5g)
Yield 100%; white crystal; 'H NMR (400 MHz, CDCl5): & 7.24-
7.33 (5H, m, Bn), 7.02 (2H, s, 3,5-Me,-Bn), 6.87 (1H, s, 3,5-Mey-
Bn), 5.35 (1H, s, H-5), 5.09 (2H, s, Bn), 5.02 (2H, s, 3,5-Me,-Bn),
3.74 (4H, s, morpholyl), 2.88 (4H, s, morpholyl), 2.25 (6H, s, 3,5-
Me,-Bn); '*C NMR (100 MHz, CDCl;): & 162.8, 159.5, 152.7,
137.8, 136.9, 136.8, 129.2, 128.8, 127.7, 126.7, 126.4, 90.3, 66.1,
51.4, 48.1, 44.2, 21.3; HRMS (ESI) Caled for Cy4H,7N3NaOs*
[M+Na]":428.19446. Found 428.19306; mp: 133.2 °C.

3.3.7. 1-Benzyl-6-cyclopropylamino-3-(3,5-dimethylbenzyl)uracil
(5h)

Yield 94%; white crystal; '"H NMR (400 MHz, CDCls): 6 7.26-7.38
(5H, m, Bn), 7.10 (2H, s, 3,5-Me,-Bn), 6.89 (1H, s, 3,5-Me,-Bn), 5.31
(1H, s, H-5), 5.10 (2H, s, Bn), 5.08 (2H, s, 3,5-Me,-Bn), 4.46 (1H, brs,
NH), 2.29 (7H, m, 3,5-Me;-Bn and cyclopropylamino), 0.42-0.75
(4H, m, cyclopropylamino); '*C NMR (100 MHz, CDCl;): § 161.2,
154.1, 151.5, 137.9, 137.1, 136.5, 1284, 1282, 127.1, 126.1,
124.9, 75.5, 44.3, 42.9, 24.2, 20.9, 6.6; HRMS (ESI) Calcd for Co3H,s.
N3NaO," [M+Na]*: 398.18390. Found 398.18193; mp: 214.4 °C.

3.3.8. 1-Benzyl-6-cyclohexylamino-3-(3,5-dimethylbenzyl)uracil
(5i)

Yield 89%; white crystal; 'H NMR (400 MHz, CDCl5): § 7.22-7.34
(5H, m, Bn), 7.10 (2H, s, 3,5-Me,-Bn), 6.88 (1H, s, 3,5-Me,-Bn), 5.16
(2H, s, 3,5-Me;-Bn), 5.10 (2H, s, Bn), 4.88 (1H, s, H-5), 4.13 (1H, m,

cyclohexylamino), 2.30 (6H, s, 3,5-Me,-Bn), 2.05 (1H, br s, NH),
1.53-1.76 (4H, m, cyclohexylamino), 1.11-1.47 (6H, m, cyclohexyl-
amino); *C NMR (100 MHz, CDCls): & 162.8, 1524, 151.9, 137.8,
137.6, 135.3, 1294, 129.0, 128.4, 126.3, 126.2, 76.2, 51.3, 46.0,
44.2, 31.9, 25.3, 24.0, 21.3; HRMS (ESI) Calcd for CygH31N3NaO,"
[M+Na]*: 440.23085. Found 440.22996; mp: 71.8 °C.

3.3.9. 1-Benzyl-6-benzylamino-3-(3,5-dimethylbenzyl)uracil
(5§)

Yield 64%; white crystal; "H NMR (400 MHz, CDCls): § 7.26-7.36
(5H, m, Bn), 7.18-7.19 (2H, s, 3,5-Me,-Bn), 6.89-6.95 (5H, m, ben-
zylamino), 5.18 (2H, s, Bn), 5.10 (2H, s, 3,5-Me,-Bn), 4.92 (1H, s, H-
5), 4.46 (1H, m, NH), 4.11 (2H, d, J 5.2, benzylamino), 2.29 (6H, s,
3,5-Me,-Bn); *C NMR (100 MHz, CDCls): & 162.7, 152.7, 152.2,
137.8, 137.4, 1359, 135.2, 129.3, 129.0, 128.9, 128.3, 128.0,
127.1, 126.3, 126.2, 76.8, 47.1, 45.8, 44.2, 21.3; HRMS (ESI) Calcd
for Cp7H,7N3NaO," [M+Nal™: 448.19955. Found 448.19661; mp:
189.1 °C.

3.4. 6-Chloro-1-methoxymethyluracil (6)

6-Chlorouracil (3) (1.46 g, 10.0 mmol) was dissolved in dry CH,.
Cl; (30 ml), and DBU (1646.3 l, 11.0 mmol) was added to the solu-
tion at room temperature, and after stirring an additional 10 min,
the mixture became clear. After the mixture was cooled to 0 °C,
methyl chloromethyl ether (911.1 pl, 12.0 mmol, MOMCI) was
added dropwise, and stirring continued for an additional 20 min
at 0 °C. The mixture was evaporated, and the residue was purified
by silica gel column chromatography (AcOEt) to white powder 6
(1.71 g, 8.99 mmol, 90%). 'H NMR (400 MHz, CDCl): & 8.58 (1H,
s, NH), 5.94 (1H, s, 5-H), 5.43 (2H, s, MOM), 3.47 (3H, s, MOM).

3.5. 6-Chloro-1-methoxymethyl-3-(3,5-dimethylbenzyl)uracil
(7)

A solution of compound 6 (1.44 g, 7.56 mmol), triphenylphos-
phine (2.58 g, 9.83 mmol), 3,5-dimethylbenzylalcohol (1.17 ml,
7.94 mmol) and TMAD (N,N,N',N'-tetramethylazodicarboxamide,
1.69 g, 9.83 mmol) in THF (28.0 ml) was stirred at 50 °C. After 2 h
stirring, the solution was filtered and concentrated to a small vol-
ume. The residual solution was purified by silica gel column chro-
matography (30% AcOEt in hexane) to give as a syrup 7 (2.17 g,
7.03 mmol, 93%). 'TH NMR (400 MHz, CDCl5): & 7.04 (2H, s, 3,5-
Me,-Bn), 6.90 (1H, s, 3,5-Me,-Bn), 5.98 (1H, s, 5-H), 5.44 (2H, s,
MOM), 5.03 (2H, s, 3,5-Me,-Bn), 3.44 (3H, s, MOM), 2.28 (6H, s,
3,5-Me,-Bn); *C NMR (100 MHz, CDCls): 6 160.5, 151.4, 145.2,
138.0, 136.0, 129.5, 126.6, 103.3, 57.5, 44.8, 21.3; HRMS (ESI) Calcd
for CysH;7CIN,NaO3 [M+Na]*: 331.08199. Found 331.08154.

3.6. 6-Chloro-3-(3,5-dimethylbenzyl)uracil (8a) and 6-bromeo-3-
(3,5-dimethylbenzyl)uracil (8b)*

A solution of compound 7 (1.90¢g, 6.15mmol) and B-bro-
mocatecholborane (1.47 g, 7.38 mmol, 0.2 M in CH,Cl,) in CH,Cl,
(20 ml) was stirred at room temperature. After 2 h stirring, the mix-
ture was evaporated in vacuo, and the residue was extracted with
AcOEt. The organic extracts were washed with saturated aqueous
NaHCOs and saturated NaCl solution, dried with sodium sulfate,
and then evaporated. The residue was purified by silica gel column
chromatography (40% AcOEt in hexane) to give the inseparable
mixture of 8a and 8b as a needle crystal (1.21 g, 4.42 mmol, 72%
combined yield), which was employed in the next reaction without
further purification, in a ratio of 80:20 according to 'H NMR spec-
trum. 'H NMR (400 MHz, CDCl;): 6 7.06 (2H, s, 3,5-Me,-Bn), 6.90
(1H, s, 3,5-Me,-Bn), 6.05 (0.2H, s, 5-H, 8b), 5.89 (0.8H, s, 5-H, 8a),
4.99 (2H, s, 3,5-Me;,-Bn), 2.27 (6H, s, 3,5-Me,-Bn); HRMS (ESI) Calcd
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for C;3H;3CIN,NaO, [M+Na]*: 287.05578. Found 278.05656 (8a),
Calcd for Cy3H3BrN,NaO, [M+Na]*: 331.00526. Found 331.00300
(8b).

3.7. General procedure for the synthesis of 9a-c

The mixture of 8a and 8b (264.7 mg, 0.97 mmol) was dissolved
in dry DMF (5.0 ml) under nitrogen atmosphere. To this stirred
solution, we carefully added the appropriate alkyl halide (bromo-
acetonitrile, 2-(chloromethyl)pyridine hydrochloride or 4-(chloro-
methyl)pyridine hydrochloride; 2.0 mmol) and K,CO5; (276.4 mg,
2.0 mmol). Stirring was continued at room temperature for
2-12 h, and the mixture was extracted with AcOEt. The organic ex-
tracts were washed with water and saturated aqueous sodium
chloride solution, dried with sodium sulfate, and then evaporated.
The residue was purified by silica gel column chromatography to
give the inseparable mixture of C6-chloro and C6-bromo congen-
ers, ratio 80:20 according to '"H NMR spectrum.

The resulting mixture (258.1 mg, 0.83 mmol) was dissolved in
dry DMF (5.0 ml), and NaNs (66.3 mg, 1.02 mmol) was added to
the solution, which was stirred for 30 min at room temperature.
The mixture was extracted with AcOEt, washed with saturated
aqueous sodium chloride solution, dried with sodium sulfate, and
then evaporated. The residue was purified by silica gel column
chromatography (70% AcOEt in hexane) to give C6-azido derivative
9a-c.

3.7.1. 6-Azido-1-cyanomethyl-3-(3,5-dimethylbenzyl)uracil (9a)

Combined yield 82%; brown oil; 'H NMR (400 MHz, CDCl5): &
7.04 (2H, s, 3,5-Me,-Bn), 6.91 (1H, s, 3,5-Me;-Bn), 5.64 (1H, s, 5-
H), 5.02 (2H, s, 3,5-Me,-Bn), 4.75 (2H, s, cyanomethyl), 2.28 (6H,
s, 3,5-Me,-Bn); '*C NMR (100 MHz, CDCls): 5 160.5, 150.0, 148.9,
138.1, 135.8, 129.6, 126.6, 113.8, 88.9, 44.9, 30.8, 21.3; HRMS
(ESI) Caled for CysH;sNgNaO, [M+Na]™: 333.10704. Found
333.10687.

3.7.2. 6-Azido-3-(3,5-dimethylbenzyl)-1-(2-picolyl)uracil (9b)

Combined yiéld 32%; brown oil; 'H NMR (400 MHz, CDCl5): &
8.54 (1H, d, J 4.0, 2-picolyl), 7.66 (1H, m, 2-picolyl), 7.20 (2H, m,
2-picolyl), 7.02 (2H, s, 3,5-Me,-Bn), 6.88 (1H, s, 3,5-Me,-Bn), 5.61
(1H, s, 5-H), 5.17 (2H, s, 2-picolyl), 5.05 (2H, s, 3,5-Me,-Bn), 2.27
(6H, s, 3,5-Me,-Bn); '*C NMR (100 MHz, CDCl3): 6 161.4, 154.9,
151.2, 151.2, 149.6, 137.9, 136.7, 136.5, 129.2, 126.2, 122.6,
121.1, 88.0, 48.0, 44.5, 21.2; HRMS (ESI) Calcd for C;9H;8NgNaO;
[M+Na]": 385.13834. Found 385.13740.

3.7.3. 6-Azido-3-(3,5-dimethylbenzyl)-1-(4-picolyl)uracil (9c)

Combined yield 59%; brown oil; "H NMR (400 MHz, CDCl5): &
8.58 (2H, d, J 6.0, 4-picolyl), 7.16 (2H, d, J 5.6, 4-picolyl), 7.03
(2H, s, 3,5-Me,-Bn), 6.90 (1H, s, 3,5-Me,-Bn), 5.60 (1H, s, 5-H),
5.06 (2H, s, 4-picolyl), 5.03 (2H, s, 3,5-Me,-Bn), 2.28 (6H, s, 3,5-
Me,-Bn); 13C NMR (100 MHz, CDCl5): § 161.0, 151.1, 1504, 150.3,
144.6, 138.0, 136.3, 1294, 1264, 122.1, 88.2, 45.8, 44.7, 21.3;
HRMS (ESI) Calcd for CioH;sNgNaO, [M+Na]*: 385.13834. Found
385.13777.

3.8. 6-Amino-1-cyanomethyl-3-(3,5-dimethylbenzyl)uracil
(10a)

A solution of compound 9a (73.0 mg, 0.23 mmol), triphenyl-
phosphine (74.0 mg, 0.28 mmol) and H,0 (6.2 pl, 0.35 mmol) in
THF (1.0 ml) was stirred at room temperature. After stirring for
10 h, the solution was concentrated to a small volume. The residual
solution was purified by silica gel column chromatography (20%
MeOH in CHCl3) to give as a yellowish crystal 10a (60.0 mg,
0.21 mmol, 90%). 'TH NMR (400 MHz, CDCl;): 6 6.98 (2H, s, 3,5-

Me,-Bn), 6.88 (1H, s, 3,5-Me,-Bn), 5.07 (2H, br s, NH5), 5.05 (1H,
s, 5-H), 4.99 (2H, s, cyanomethyl), 4.80 (2H, s, 3,5-Me,-Bn), 2.27
(6H, s, 3,5-Me,-Bn); '>C NMR (100 MHz, CDCl5): & 163.0, 153.2,
150.8, 138.2, 136.6, 129.3, 125.6, 114.3, 78.4, 44.6, 30.4, 21.2;
HRMS (ESI) Caled for CysH;sN4NaO, [M+Na]*: 307.11655. Found
307.11537; mp: 350.0 °C.

3.9. General procedure for the synthesis of 10b and 10c¢

Compound 9b or 9¢ (109.4 mg, 0.30 mmol) was dissolved in dry
THF (5.4 ml) under nitrogen atmosphere. To this stirred solution
we carefully added LiAlH; (13.7 mg, 0.36 mmol) at 0 °C. Stirring
was continued at 0°C for 5 min, and the reaction quenched by
the addition of AcOEt (5.0 ml) until no effervescence was observed.
Aqueous 1 N HCI (2.2 ml) was then added, and the product was ex-
tracted with AcOEt. The combined organic extracts were washed
with water and saturated sodium chloride solution, dried with so-
dium sulfate, and then evaporated. The residue was purified by sil-
ica gel column chromatography (20% MeOH in CHCl3) to give a
white crystal 10b or 10c.

3.9.1. 6-Amino-3-(3,5-dimethylbenzyl)-1-(2-picolyl)uracil (10b)

Yield 69%; white crystal; 'H NMR (400 MHz, CDCl5): 6 8.48 (1H,
d, J 4.0, 2-picolyl), 7.73 (1H, m, 2-picolyl), 7.61 (1H, d, J 8.0, 2-pic-
olyl), 7.27 (1H, m, 2-picolyl), 7.03 (2H, s, 3,5-Me;-Bn), 6.85 (1H, s,
3,5-Me;-Bn), 6.21 (2H, brs, NH;), 5.13 (2H, s, 2-picolyl), 5.03 (1H, s,
5-H), 5.01 (2H, s, 3,5-Me,-Bn), 2.26 (6H, s, 3,5-Me,-Bn); 13C NMR
(100 MHz, CDCl3): 6 162.8, 155.5, 155.3, 152.0, 148.7, 138.0,
137.8, 137.4, 128.9, 126.2, 125.0, 123.6, 79.4, 48.7, 44.2, 21.3;
HRMS (ESI) Caled for CigHpoN4NaO, [M+Na]*: 359.14785. Found
359.14714; mp: 189.3 °C.

3.9.2. 6-Amino-3-(3,5-dimethylbenzyl)-1-(4-picolyl)uracil (10c)

Yield 74%; white crystal; "H NMR (400 MHz, CDCls): 6 8.61 (2H,
d, ] 4.0, 4-picolyl), 7.14 (2H, d, J 8.0, 4-picolyl), 7.04 (2H, s, 3,5-Me,-
Bn), 6.88 (1H, s, 3,5-Me,-Bn), 5.14 (2H, s, 4-picolyl), 5.06 (2H, s, 3,5-
Me,-Bn), 5.02 (1H, s, 5-H), 4.32 (2H, br s, NH;) 2.28 (6H, s, 3,5-Me,-
Bn); '*C NMR (100 MHz, CDCl3): § 165.1, 156.9, 153.2, 150.3, 147.9,
138.9,138.7,129.7, 126.5, 122.9, 77.1, 45.8, 45.1, 21.4; HRMS (ESI)
Caled for CioHpoN4NaO, [M+Na]™: 359.14785. Found 359.14734;
mp: 142.0 °C.

3.10. Anti-HIV-1 assay

MT-4 cells were maintained in RPMI 1640 medium supple-
mented with 10% heat-inactivated fetal bovine serum (FBS),
100 U/ml of penicillin G, and 100 mg/ml of streptomycin. The Iz
strain of HIV-1 was used throughout the experiment. The virus
was propagated and titrated in MT-4 cells. Virus stocks were stored
at —80 °C until use. The anti-HIV-1 activity of the test compounds
was determined by the inhibition of virus-induced cytopathoge-
nicity in MT-4 cells.® Briefly, MT-4 cells (1 x 10° cells/ml) were in-
fected with HIV-1 at a multiplicity of infection (MOI) of 0.1 and
were cultured in the presence of various concentrations of the test
compounds. After 4-day incubation at 37 °C in 5% CO,, the number
of viable cells was monitored by the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) method.® The cyto-
toxicity of the compounds was evaluated in parallel with their
antiviral activity, based on the viability of mock-infected cells, as
determined by the MTT method.
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target compounds, that were detected by LC-Q-TOF. All
the substrates were extensively metabolized, main
reactions involved N-dealkylation, hydroxylation on
various molecules’ moieties, oxygenation, reduction of
the keto-group and/or dehydrogenation of the aliphatic
chain, carboxylation and glucuronidation, the latter only
for JWH251. The main typical mass fragments were

identified for each metabolite. Based on the results:

obtained by Q-TOF, a LC-MS/MS method was set up for
the routine identification of the main metabolites of these
substances in biological fluids. The method was set up
for the identification of N-dealkylated and hydroxylated
metabolites on the side chain of each JWH, on indole
group of JWHO015, on flucro-phenyl group of JWH307,
on naphtyl group of JWH098; also demethyl, hydroxyl
dimethyl and carbonyl JWH098, and carbonyl, dehydro
and di-hydroxy JWH 307 have been included in the
method, as well as dehydrogenated, reduced on
carbonyle, carboxylated and glucuronated metabolites
of JWH251. Conclusions: This study demonstrated the
suitability of metasite and massmetasite programs for
the prediction and identification of the metabolites of
new chemical entities. The present work allowed to set
up a method for the identification of main urinary
metabolites of JWHO015, 307, 251 and 098,

Keywords: Synthetic cannabinoids, Metabolites, In
sylico metabolism, In vitro metabolism, HRMS, LC/MS
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TW1(2) NEW DESIGNER DRUGS, MT-45 (I-C6) AND
NOOPEPT (GVS-111), DETECTED WITH A
SYNTHETIC CANNABINOID A-834735 IN ILLEGAL
PRODUCTS

N.__Uchivama®, 8. Matsuda', M. Kawamura', R.
Kikura-Hanajiri', Y. Goda’

National Institute of Health Sciences (NIHS)

introduction: In this study, we identified three new
designer drugs, a piperazine derivative MT-45 (1-C8), a
synthetic peptide Noopept (GVS-111) and a synthetic
cannabinoid A-834735, in illegal products distributed in
Japan. Materials and Methods: One hundred forty
analyzed samples were purchased via the Internet in
2013 as chemical or herbal products sold in Japan. The
products were extracted with MeOH under
ultrasonication. After centrifugation and filiration, the
methanolic extracts were analyzed using GC-EI-MS and
LC-ESI-MS. To isolate unknown compounds, the
products were extracted with CHCI3 under
ultrasonication and the extracts were evaporated to
dryness. After fractionation of the extracts by a
liquid-liquid  partition  method, these unknown
compounds were isolated. Structure elucidation of these
compounds was performed primarily by nuclear
magnetic  resonance  (NMR)  analyses  and
LC-QTOF-MS. Results: Two new designer drugs,
MT-45 (1-cyclohexyl-4-(1.2-diphenylethyl) piperazine,
synonym: -C8) and Noopept (ethyl
2-(1-(2-phenylacetyi)pyrrolidine-2-carboxamido)acetate
, synonym: GVS-111), were identified in some of
chemical and herbal products. A piperazine derivative,
MT-45, was reported as an opiate-like analgesic
substance. Additionally, a synthetic peptide, Noopept, is
sold as a dietary supplement to have a nootropic
(cognitive enhancer) activity. Furthermore, we have
found that another product contains four major
ingredients; two synthetic cannabinoids, A-834735 and

QUPIC N-{&-fluoropentyl) analog {synonym:
5-fluoro-PB-22), MT-45 and Noopept. A-834735, which
also has been newly detected in illegal products, was
known fo act as an agonist at both cannabinoid CB1 and
CB2 receptors. Conclusions: Considering the resulis,
new types of designer drugs rapidly appear and their
combinations in illegal products seem to be more
diversifying than before.

Keywords:  Synthetic  cannabinoid,  Piperazine
derivative, Synthetic peptide, Opiate, Nootropic,
Designer drug
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DE?ERM!NAT?GN OF MAM-2201 AND ITS
METABOLITES IN A FATAL CASE AND THE BINDING
AFFINITIES OF MAM-2201 AT THE CANNABINOID
CB1 AND CB2 RECEPTORS

R. Kikura-Hanajiri', M. Kawamura', S. Kanno?, T. Nagai?,
M. Takada?, T. Mukai?, Y. Goda’

"National Institute of Health Sciences

28t. Marianna University School of Medicine

Introduction: In recent vyears, herbal products
adulterated with synthetic cannabinoids have been
widespread in giobal illegal drug markets. In this study,
quantitative analyses for MAM-2201 (synonym:
JWH-122 N-(5-fluoropentyl) analog), its oxidative
metabolites (including dehalogenated metabolites) and
other prescribed medicines were carried out in a fatal
case caused by the smoking of the herbal products.
Moreover, the binding affinities of MAM-2201 at the
human cannabinoid CB1 and CB2 receptors were
measured to investigate the possible pharmacological
activity. Materials and Methods: 1) Samples: Blood,
serum, hair and urine samples were obtained from the
man who died after smoking herbal products. 2) Target
compounds for quantitative analyses: The synthetic
cannabinoids (mainly MAM-2201) detected in the herbal
products, three putative oxidative metabolites of
MAM-2201 (including the dehalogenated metabolites)
and three psychotropic medicines prescribed before
death (sulpiride, brotizolam and ethy! loflazepate) were
focused upon in this study. 3) Analytical method:
Chromatographic separation of UPLC-MS/MS was
performed in a gradient mode (0.1% formic acid -
acefonitrile) using an ACQUITY UPLC BEH C18
column. MRM was used in the positive mode of an
ESI-MS/MS for the quantitative analyses. For the
screening analyses, UPLC-QTOF MS was carried out in
a gradient mode (ammonium formate buffer, pH 3 -
acetonitrile) using an ACQUITY UPLC HSS C18
column. 4) Sample preparation: Liquid-liquid exiraction
with t-butyl methyl ether was used for urine samples
after enzymatic hydrolysis, and hair samples after
washing with methanol, followed by alkali hydrolysis.
Blood and serum samples were analyzed after protein
precipitation, using a mixture of methano! and acetnitrile.
5) In vitro binding assay: The evaluation of the IC50
values of MAM-2201 was based on the competitive
interaction between a labeled ligand ([3H] CP-55,940)
and an analyte (MAM-2201) for the human cannabinoid
CB1 and CB2 receptors binding sites. These values
were compared to those of the structurally-related
compound JWH-122. Results: MAM-2201 (73.5 - 81.7
mg/g) was mainly detected in the products possibly
related to the death. The oxidative dehalogenated
metabolite of MAM-2201: JWH-122 N-(5-hydroxypentyl)



metabolite (45.3 and 100.4 ng/mL) was detected in the
blood and serum samples with sulpiride (1.1 and 0.9
ug/mb), followed by MAM-2201(4.4 and 5.5 ng/mlL),
brotizolam (5.0 and 25 ng/mL) and other
dehalogenated metabolite: JWH-122 N-pentanoic acid
(0.2 and 0.6 ng/mL). in the urine sample, JWH-122
N-(5-hydroxypentyl) metabolite (3.4 ng/mL) was
detected as the major metabolite and the parent
compound MAM-2201 was also detected at 0.6 ng/mL.
Suliride (15.5 pg/ml) was detected in the urine without
enzymatic hydrolysis although this compound was
degraded under the condition of the hydrolysis. In the
wash solvent and the alkali-hydrolyzed extract from the
hair, MAM-2201 was mainly detected. A large amount of
sulpiride was detected in the biological samples
because its daily dosage for therapeutic purpose was
150-300 mg. One of the putative specific metabolites of
MAM-2201, MAM-2201 N-{4-hydroxypentyl) metabolite
was not detected in any samples. Zolpidem, a
psychotropic medicine but not prescribed before the
death, was also detected in the hair extract as a result of
the screening analyses using UPLC-QTOF MS. The
CB1 and CB2 receptors binding affinities of MAM-2201
were 9.5 and 1.6 times bigger than those of JWH-122,
based on the IC50 values measured in this study.
Conclusions: JWH-122 was reported to have acute
foxicities probably related to the high-affinity and
high-efficacy agonist of the CB1 receptor. Therefore,
potential serious health damage may be expected after
the intake of MAM-2201. Moreover, unexpected effects
associated with the intake of MAM-2201 and the
psychotropic medicines are also causing concern.
Keywords: Synthetic cannabinoids, MAM-2201, Oxida-
five metabolites, Cannabinoid CB1/CB2 receptor
binding affinity

OE

FO%ENS!C PROFILING OF HEROIN SIDE
COMPOUNDS BY CAPILLARY ELECTROPHORESIS
T.Posch!, M. Piitz?, M. Palmblad®

"Forschungszentrum Jiilich

2Federal Criminal Police Office

3Leiden University Medical Center

General Abstract: Forensic profiling of drugs of abuse
is a powerful method to gain information about
geographic origin of samples, production processes or
for tracking the raw material. For heroin profiling,
forensic scientists aim at understanding the different
processing steps from opium up to heroin and its
possible cutling agents. Authorities analyze these
complex mixtures usually by GC-FID, focusing on a few
analytes whose concentration is highly discriminating.
However, regarding the number of impurities and their
diverse character, the use of several ideally orthogonal
separation techniques is of interest for in-depth profiling.
Capillary electrophoresis can deal with analytes which
are difficult to be analyzed by GC due to their high
hydrophilicity and possible charge or thermal instability.
Capillary electrophoresis coupled to mass spectrometry
has been shown to be well suited for the identification
and quantification of the components of complex plant
extracts. In this work we present a CE-MS method,
which can deal with raw opium and heroin made thereof.
Analysis time is for all three types of samples below 20
min. The method is robust against matrix effects and
needs only methanolic extraction and dilution as sample
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preparation step. The method was applied to a model
sample set of opium and heroln from different seizures
and the raw data from the electropherograms were
pretreated with an in-house software. The program is
capable to align CE-MS data based on characteristic
m/z-values to correct for shifts in the migration time and
to automatically pick peaks according to a predefined
mass list of analytes of interest. The resulting
information is then merged into a peak table for further
data handling and statistics. The peak tables were
subjected to a principal component analysis. Several
types of opium could be differentiated and unique
markers for the discrimination were exiracted. In
summary, a fast and reliable CE-MS method for the
screening of opium, hercin and acidic extracts was
developed and applied for profiling purposes. The
method provides sufficient information on seizures of
iflicit drugs for discrimination as well as information
orthogonal to classical GC approaches.

Keywords: Opium, Heroin, Chemometrics, Alignment
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APPLICATION OF LIQUID

CHROMATOGRAPHY TANDEM MASS
SPECTROMETRY FOR ANALYSIS OF THE WHOLE
BLOOD FOR DESOXYPIPRADROL {(2-DPNMP) AND
STRUCTURALLY RELATED DRUGS -
DIPHENYLPROLINOL (D2PM), PHENCYCLIDINE
{PCP), KETAMINE AND NORKETAMINE

A. Skuiska', P. Adamowicz', D. Gil', B. Tokarczyk®
'Institute of Forensic Research, Krakow, Poland

introduction: Recenily, many substances, that have
been known for many years, reappeared in a drug
market. In 2011 and 2012 nine seized powders positive
for 2-DPMP, 3 cases (capsules) with D2PM and 1
powder containing PCP were analyzed in the Institute of
Forensic Research (IFR). In 2012 our laboratory
received two cases in which screening analyses for
‘legal highs' carried out by LC-MS revealed positive
results for desoxypipradrol (2-DPMP). Therefore, it
seemed appropriate to develop a method for
simuitaneous determination and quantification of PCP
and its structural derivatives such as ketamine,
norketamine, 2-DPMP and D2PM in blood. in first case
20-year-old woman who was hospitalised with suspicion
of poisoning with narcotic drugs received from unknown
man. The blood samples were taken after two days of
the event and submitted to IFR. The second case
concerned 20-year-old man who committed suicide.
Due to the suspicion that the man took drugs, the
autopsy blood was taken for toxicological analysis.
Materials and Methods: 0.2 mL blood samples were
spiked with analytes and 18s (PCP-D5 and
amphetamine-D5) and extracted from alkaline medium
(200 L of 0.5 M carbonate buffer, pH 12) with 1 mL of
n-butyl chloride and back extracted with 100 pl of 0.025
M HCI Organic layer was evaporated (40-45°C),
remaining in the vials agueous phase (acidic) and
analyzed with 8460 Triple Quad LC/MS (Agilent
Technology). The components were separated on
Zorbax SB-C18 (50x2.1mm) column using gradient
elution of 0.1% (v/v) formic acid in water and acetonitrile.
The target compounds were identified and quantified
using MRM mode. The following precursor ions and
fragment ions for each compound, selected as qualifiers
and quantifiers (shown as firs) were monitored:




21%. Conclusions: Hence, our routine procedure
proved to be a robust screening method for the
detection of various drugs in postmortem brain material.
Keywords: Postmortem, Brain, Drugs of abuse,
Validation
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A ! FATAL CASE AFTER SMOKING HERBS
CONTAINING A SYNTHETIC CANNABINOID
MAM-2201

S. Kanno', R. Kikura-Hanajiri?, M. Sagi’, T. Nagai,

S. Chiba', H. Takeshita', M. Takada', M. Kawamura?,
Y. Goda?, T. Mukai'

'St. Marianna University School of Medicine

2National Institute for Health Scienc

Introduction: Synthetic cannabinoids, such as “Spice”
and “herbal blends” have widespread globally in drug
markets. It has been reported that use of synthetic
cannabinoids can cause a variety of psychoactive and
physical effects. Although a case report about
intoxication of MAM-2201, one of synthetic
cannabinoids, has been published recently, a fatal case
that MAM-2201 is related to the cause of death has not
been reported. We report a case a man who probably
died of cardiopulmonary arrest suddenly after smoking
of MAM-2201 and forwarded for autopsy. Case Report:
A 26-year-old man had a history of depression for about
10 years and he had been prescribped 3 kinds of
medicine (sulpiride, brotizolam and ethyl loflazepate).
He was smoking herbs which contain MAM-2201 mainly
after drinking beer in his friend’'s room. Immediately after
smoking the herbs using a metal pipe, he complained
that his limbs became numb and he vomited several
times. A few minutes later, he fell unconscious. When
the rescue team arrived 30 min later, he had
cardiopulmonary arrest. Despite resuscitation in
hospital, he died 13 hrs after smoking. A forensic
autopsy was performed approximately 3 days after
death. Results and Discussion: The deceased was
176 cm tall and 62 kg in weight. Autopsy findings
including histopathological examination did not reveal
anything remarkable cause of death except cerebral
swelling and sign of cerebral hypoxia pathologically.
MAM-2201 and its two putative metabolites (JWH-122
N-50H, JWH-122 N-COOH), sulpiride, and brotizolam in
serum and blood obtained at the hospital were analyzed
by LC-MS/MS1). The concentration of MAM-2201 and
JWH-122 N-50H in serum was 5.46 and 100.43 ng/mL,
respectively. The serum level of MAM-2201 about 1 hr
after smoking was quite lower than the reported
intoxication level (49 ng/mL) in plasma2). The
concentrations of both sulpiride (0.92 ?g/mL) and
brotizolam (4.98 ng/mL) in plasma were therapeutic
level. These compounds were also detected and
quantified in blood, serum, urine and hair samples
obtained at the autopsy. However, brotizolam was
detected in neither urine nor hair samples. These results
indicate that the deceased was smoking MAM-2201 at
detectable level. The alcohol and standard drug
screening tests in blood were negative. Conclusions:
The findings of autopsy did not show any major
abnormality except symptom of cerebral hypoxia leaving
the cause of death ambiguous. Toxicological analyses
revealed concentration of MAM-2201 in serum was
much lower than the intoxication level of MAM-2201
according to the previously published paper2).
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Therefore, it is unlikely that the death was caused solely
by MAM-2201. However, his condition became worse
suddenly after smoking of MAM-2201 and he had
cardiopulmonary arrest finally within 30 min after
smoking, indicating that MAM-2201 was indeed a trigger
to the fatal consequences. Taken together, itis plausible
that an unknown interaction between MAM-2201 and
psychotropic medicine might worsen the adverse effect
of this drug.

Keywords: Synthetic cannabinoids, MAM-2201,
Autopsy, Psychotropic medicine
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VA?.IDATED ANALYTICAL METHOD FOR THE
DETERMINATION OF ALDICARB IN HUMAN
POSTMORTEM WHOLE BLOOD BY HPLC-DAD

A. Bandeira', C. Couto’, D. Barbosa', E. Santos',

M. Santos', M. Souza', R. Cunha', E. Azevedo',

M. Beretta?

'Forensic Toxicology Coordination, Central Laboratory
of Technical Police, Bahia, Brazil.

2Federal University of Bahia, Bahia, Brazil.

Introduction: The carbamate aldicarb (Temik ® 150), a
reversible inhibitor of the enzyme cholinesterase, is
classified as highly toxic substance. In Brazil, in 2011, it
was estimated that 60% of 8,000 cases of human
poisoning by granulated pesticides, were related to
aldicarb. In fact, the misuse and illegal trade of this
product, become a public health problem in some
Brazilian states, leading to even cancellation of Temik
150 ® registration in Brazil in October 2012. Annually
the Forensic Toxicology Coordination analyzes cases of
fatal poisoning by aldicarb, thus it has the need to
establish a method of quantitative analysis for this
substance. This paper presents a quantitative analytical
method, validated for aldicarb determination in human
postmortem whole blood samples, using the technique
of high efficiency liquid chromatography with diode array
detector, HPLC-DAD, and concentration data obtained
for samples of actual cases analyzed. Materials and
Methods: Aldicarb standard solution, at different
concentration levels, was spiked to human postmortem
negative whole blood aliquots contained in 2 mL conical
polypropylene tubes. The final sample volume was 500
pL. Liquid-liquid extractions were proceeded according
to the following sequence: addition of 100 pL of 0.1 M
HCI, and gentle manual homogenization for 10 seconds,
addition of 400 pyL of Dichloromethane, manual and
smooth  homogenization for 1 minute. After
centrifugation at 13,000 rpm for 5 minutes, 200 pL of
organic phase was collected and transferred to a clean
2 mL conical polypropylene tube. The extracts were
reduced to dryness under nitrogen flow and
reconstituted with 10 pL of carbaryl standard solution
215.57 ug/mL as internal standard and 190 pL of HPLC
mobile phase consisting of acetonitrile: phosphate
buffer pH 2.63 (37:63 v/v). A 50 uL aliquot was injected
for analysis. The chromatographic separation was
performed on a Merck Lichrosphere 100RP-8 (250 mm
X 4 mm x 5 um) column with isocratic run at ambient
temperature and mobile phase flow rate of 1.0 mL/min.
The detection was obtained on a diode array detector
(DAD) at the wavelength range: 195 - 380 nm. Results:
The calibration curve was linear from 0.72 pg/mL (lower
limit of quantification) to 10.19 ug/mL, with linear
correlation coefficients (R) higher than 0.99. The method
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SCREENING AND QUANTITATIVE ANALY-

SES OF NEWLY-EMERGED PSYCHOACTIVE

SUBSTANCES IN 4 FATAL CASES USING UP
LC-MS/MS

Ruri Kikura-Hanajirl’, Maiko Kawamura', Kyoko
Maebashi?, Sari Matsumoto?, Kimiharu lwadate?

and Takashi Hakamatsuka'

National Institute of Health Sciences, Se-
tagaya-ku, Tokyo, Japan, “The Jikei University ;

School of Medicine, Minato-ku, Tokyo, Japan

Aims: For rapid and sensitive screening analyses
an UPLC-MS/MS analytical method for 130 new

ly-emerged psychoactive substances (NPS) in

human biological samples was developed. More:

over, this method was applied 0 examine for the
NPS in serum and urine samples obtained from
4 fatal cases, and the quantitative analyses were
also carried out for the substances detected in

the samples. Methods: The optimum conditions

for the ionizations of 180 NPS (65 synthetic can-

nabinoids, 37 cathinone derivatives and 28 other
substances) in human control biological samples

were evaluaied as well as their retention times

and detection limits. Chromatographic separation
was performed in a gradient mode {0.1% formic

acid and acetonitrile) using a C18 column, Human

serum and wrine samples were obtained from 4
fatal cases caused by the consumption of liquid
or herbal products adulierated with NP8, The
serum samples were analyzed after protein pre-
cipitation, and the urine samples were exiracted
with t-butyl methyl ether afier enzymatic hydro-
lysis. Results: The screening method based on
the MRM analyses for the 130 subsiances were
established within 40 min and their detection
limits ranged from 0.05 o 0.1 ng/mL. As a result
of the screening analyses for the 4 fatal cases,
16 cathinone derivatives, AH-7821, 5F-PB-22,
5F-AB-PINACA and their oxidative metabolites
were detected in the serum and urine samples.
Especially, 12 cathinone derivatives and AM-7921
were simultaneously detected in one fatal case.
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By the quantitative analyses of the serum sam-
ple from this case, MDPPP (587.4+30.1 ng/mL)},
AH-7921 (235.5x10.0 ng/mL), MPHP (114.2+5.9

pg/mb), B-PHPP (92.824.7 ng/mL) and 4F-B-PVP
 (30.120.6 ng/mL) were mainly detected and 8 oth-
_er cathinone derivatives were less than 5.0 ng/
ml. Conclusions: In the last 3 vears, the number,
~ types and combinations of NPS in illegal products
- have been diversifying in Japan, and unexpected

sffects associated with the intake of mixtures of

- various NPS are causing concern.
 Keywords: new psychoactive substances, fatal

cases, biological samples, LC-MS/MS




