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2-Chioro-5,11-dihydro-11-ethyl-8-hydroxymethyl-4-methyl-6 H-dipyrido[3,2-b:2’, 3'-el{1,4}diazepin-
6-one (32) )

o

CHy v Q CH, H &
o N TSN THF,H0 ¢ “N® N~ N
an @2)

W13 2-chloro-5,11-dihydro-11-ethyl-8-formyl-4-methyl-6H-dipyrido3,2-b 2", 3-€][1,4]
dlazepin-6-one (31) (130 Nadn, 0.41 Ra&lua) axanulu tetrahydrofuran (3 Na@anT) Fn (2
vem) AUAFAZaB I AN sodium borohydride (15.5 JaaniN, 0.41 Nadlua) AugrTarany
gumgitasiuaan 15 unit @uiindu udrzwian tetrahydrofuran an ﬁ:mﬁﬂ\m:n%mﬁq
fidenazanaty dichloromethane nseamsnewna Aremznaudamingy il arlduau@n
veIUIEs  2-chloro-5, 11-dihydro-11-ethyl-8-hydroxymethyl-4-methyl-6H-dipyrido[3,2-b.2",3"-¢]
[1.4])diazepin-6-one (16) #91184 filtrate RIWNANRAIE dichloromethane ﬂﬂ’]ﬂ"lﬁ%\‘l A daaana
Fatinngl udan il asamhlne b anhydrous sodium sulphate N384 FLMURINIASRIEAAN
A ARRIVEALBUEN R I I AR 2-chiore-5,11-dinydro-1 1-ethy!—8-hydroxymet‘hyl-d—methyl
6H-dipyrido [3,2-b:2,3"-e){1,4]diazepin-6-one (32) (130 HafniN, 99%) qauaaumadatudn
258-260 auAuSREna
cm™: 3352 (O-H), 3191 (H-N-CO), 1651 (C=0), 1594 (C=N), 1477
(C=C), 1386 (C-N}, 1228 (C=C-H), 1044 (C-0O)

FTIR (KBr). V..
"H NMR (DMSO-d,, 200 MHz) &: 10.01 (s, 1H, HN-C=0), 8.39 (d, J=2.7 Hz, 1H: H-9),
7.97 (d.‘J:2.2 Hz, 1H, H-7), 7.19 (s, 1H, H-3), 5.33 (t, J=5.86 Hz, 1H, CH,-OH), 4.48 (d, J=5.86
Hz, 2H, CH,-OH), 3.99 (q, J=7.3 Hz, 2H, CH,CH,), 2.33 (s, 1H, CH,, 1.14 (t, J=7.3 Hz, 3H,
CH,CH)
“C NMR (DMSO-d,, 50 MHz): 166.9, 157.4, 153.0, 149.4, 144.7, 1430, 138.7, 1333,
124.6,121.2, 1207, 59.7, 41.0, 17.5, 14.0 ppm
MS (E1), mvz (relative intensity); 318 (M", 100), 303 (45), 290 (88), 275 (20), 261 (9)
HRMS (ESI-TOF) caled. for C.H,N,0,C) [M+H]" 319.0956; found: 319.0955
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2-Chloro-5,11-dihydro-11-ethyl-8-chloromethyl-4-methyl-6 H-dipyrido[3,2-5.2',3"-e}{1,4] diazepin-
6-one (33) i

CHy \, © CHy \, O
SN O SN on SO0k S N—C Yo
I - I e - o o
Cl N N N CHL.CIy, Cl N N N
(32) EINH, (33)

w813 2-chloro-5,11-dihydro-11-ethyl-8-hydroxymethyl-4-methyi-6H-dipyrido [3,2-b2",3"-
el[1.4}diazepin-6-one (32) (110 {adniu, 0.35 Nadlua) avanuly dichloromethane (30
$ndama) 1H thionyt chloride (0.2 Naddng, 2.74 Nadlna) mudiy triethylamine (0.5 Had@ng,
3.6 Haflwa) Audracaralmdinuauiiiudairasastla Lﬁaﬂﬁﬁ?‘mtﬁmﬂuqﬂ Brnndunay
EIREAILBNAITEY sodium hydrogencarbonate 111.‘&’1 arfafan dichloromethane §adauanada
fandu udinlthlmeaminlasmn anhydrous sodium sulphate N§8Y TXUEAIMIAEAILAEN N9
Wiguitnalradinliasninmeil 12da 15% ethyl acetatemexane azlfteaudednnned 2-
chloro-5,11-dihydro-11-ethyl-8-chloromethyl-4-methyl-6H-dipyrido(3,2-b.2",3-e][ 1 4]1diazepin-6-
one (33) (85.7 AANTN, 74%) qAuasumacat] Ll 229-230 aaawaldas

FTIR (KBr), V., cm™: 3180 (H-N-CO), 2970 (C-H aliphatic), 1651 {C=0), 1603 (C=N),

1465 (C=C), 1382 (C-N}, 1284 {C=CH), 707 (C-C1)

"H NMR (CDCl,, 200 MHz) &: 8.57 (or s, 1H, HN-C=0}, 8.45 (d, J=2.2 Hz, 1H, H-9), 8.14
(d, J=2.2 Hz, 1H, H-7), 6.96 (s, 1H, H-3), 4.56 (s, 2H, CH,-Cl), 4.19 (q, J=7.3 Hz, 2H, CH,CH,).
2.39 (s, 3H, GH,), 1.24 (L, J=7.3 Hz, 3H, CH,CH)

“C NMR (CDCl,, 50 MHz): 168.2, 159.2, 152.4, 151.6, 145.2, 142.4, 141.0, 128.4, 123.9,
121.5, 120.1, 42.3, 42.1, 17.8, 13.7 ppm

MS (E1), m/z (refative intensity): 336 (M, 79), 321 (56), 308 (75}, 301 {38), 293 (19), 273
{100), 258 (15), 245 (18)

MRMS (ESI-TOF) calcd. for C,.H,N,OCI, [M+H]' 337.0617; found: 337.0624
' +
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2-Chloro-5,11-dihydro-11-ethyl-4-methyl-8-(phenylthio}-methyl-6 H-dipyrido[3,2-b:2",3"-e]
[1,4ldiazepin-6-one (T4) .

CHs o]

N2 PhSH NaH,
N_
o es: rj’\ oo
o N NN then 33

(33) k

11 thiopheno! (0.06 #iad@rs, 0.58 Hadlua) avawlu N N-dimethyfformamide (2
Hsaang) N liussaantsaslulasau Fu sodium hydride (37 fadniu, 0.91 Tadtua) adly Au
saasanfigrauiviontung 10 Wi Fumeeraiuweass 2-chloro-5,11-dihydro-11-ethyl-8-
chloromethyi-4-methyl-8H-dipyrido[3,2-b:2",3'-e][1,4]diazepin-6-one (33) (60 ﬁaﬁn\%"u, 0.18 {ia%
s} T NN-dimethylformamide (3 188aRT) ﬂuﬂﬂmﬁuﬁfq ouupiivieaiiuiom 1 ol Bsihndy
afiadnn  dichloromethane & ndauaiadoatinnis  udminlmaamirlasdy anhydrous
sodium sulphate N384 szMEsNezaenn T ldgva lasltaadunilasninenmit swéin 15%
ethylacetate/hexane adlFrasutiedenanes  2-chloro-5,1 1-dihydro-11-ethyl-4-methyl-8-(pheny!
thio}-methyl-6H-dipyrido[3,2-b2",3-e][1,4]diazepin-6-one (T4) (45 AaaniN, 62%) ‘iﬁuﬂﬂumm
o]t 166-167 psdnsndaa

FTIR {KBr), V_.. cm’: 3174 (H-N-CQ), 2965 (C-H aliphatic), 1651 (C=0), 1593 (C=N),
1461 (C=C), 1378 (C-N), 1231 (C=C-H), 737 (C-8), 689 (C-Cl)

"H NMR (CDCl,, 200 MHz) &: 8.60 (br s, 1H, HN-C=0), 8.27 (d, J=2.2 Hz, 1H, H-9), 8.05
(d, J=2;2 Hz, 1H, H-7), 7.31-7.19 {m, 5H, phenyl), 6.93 (s, 1H, H-3), 4.14 (q.‘:J=?.3 Hz, 2H,
CH,CH,), 4.05 (s, 2H, CH,S), 2.37 (s, 3H, CHy), 1.21 (t, J=7.3 Hz, 3H, CH,CH,)

®C NMR (CDCl,, 50 MHz): 168.5, 158.3, 152.6, 151.6, 1450, 142.3, 140.9, 135.0,
130.5(2C}, 129.1(2C), 128.6, 127.0, 124.0, 121.3,120.1, 42.0, 35.6, 17.8, 13.6 ppm

MS (EN), m/z (refative intensity): 410 (M, 10}, 301 (100), 273 (30), 245 (6)

. HRMS (ESI-TOF) calcd. for C,H,,N,0SCI [M+H]" 411.1041; found: 411.1039

' +
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2-Chloro-5,11-dihydro-11-ethyl-4-methyl-8-{3-methoxyphenylthio)-methyl-6 H-dipyrido[3,2-b:2", 3"-
e] [1,4)diazepin-6-one (T5) )

CHy 0 CHy |, O
b2 HSPh{m-OCH;,) 0.4
| = | X Cl NaM, DMF s /\Jl\/‘*\:r‘sph(nrocns)
ol i i Vi then33 ¢ "N NN
(33) N T5

111 3-methoxythiophenol (0.18 AafaRns, 1.49 Haalua) asart i N,N-dimethylformamide
(3 Naddng) neldussenmaneslulngiay n sodium hydride (37 Nadni, 2.36 Naflus) aelyl
ﬁwmuﬂuﬁqmuqﬁﬁmlﬂumm 10 WA WANE1TALAIEUB98T 2-Chioro-5, 11-dihydro-11-ethyl-8-
chioromethyl-4-methyl-6H-dipyrido[3,2-b.2',3-el[ 1 4ldiazepin-6-one (33) (156 NaRNTN, 0.46
fnalua) u NN-dimethylformamide (6 fiaddns) Aurananfguuniideaiiuas 1 datue G
néu afindan dichioromethane adaugiadantinngy wiailsasninlnmdy anhydrous
sodium sulphate N384 FEmBdtazABeen N lHLFS e lEaedudlannnan® 1zéae 20-
30% ethyl acetate/hexane aidrnndiaBennves 2-chloro-5,11-dihydro-11-ethyl-4-methyl-8-(3-
methoxyphenylthio}-methyl-6H-dipyride[3,2-b:2".3-e]f1,4]diazepin-6-one  (T5) (1(25 URANTY,
81%) AANAENIMAMEINTN 176-177 awnwaFua

FTIR (KBr), V__. cm™: 3187 (H:N-CO), 1661 (C=0), 1591 (C=C), 1571 (C=C), 1461,
1385 (C-N), 1235 (C=C-H), 765 (C-8), 684 (C-C)

:H NMR (CDCI,, 200 MHz) O: 8.29 (d, J=2.2 Hz, 1H, H-9), 8.25 (br s, 1H, HN-C=0), 8.05
(&, J=2.2 Hz, 1H, H-7), 7.18 (dd, J=8.1, 8.1 Hz, 1H, H-5 of Ph(m-OCH,)). 6.94 (s, 1H, H-3), 6.90-
6.71 (m, 3H of Ph(m-OCH,), 4.14 (q, J=7.3 Hz, 2H, CH,CH,), 4.05 (s, 2H, CH,S), 3.72 (s, 3H,
OCH,), 2.35 (s, 3H, CH,), 1.21 (¢, J=7.3 Hz, 3H, CH,CH.)

®C NMR (CDCI,, 50 MHz): 168.5, 159.9, 158.2, 152.6, 151.3, 145.0, 142.6, 141.0, 136.2,
129.9, 128.6, 124.0, 122.4, 121.3, 120.2, 115.7, 112.9, 55.2, 42.1, 35.3, 17.8, 13.6 ppm

HRMS (ESI-TOF) calcd. for C?H”N‘,OZSC! [M+H] 441.1147; found: 441.1143
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2-Chloro-5,11-dihydro-11-ethyl-4-methyl-8-(phenylthio)}-methyi-5-methyl-6 H-dipyrido[3,2-56:2',3™-6]
[t,4]diazepin-6-one (T6)

CHy , O T4 NaH CHa CHs o
- IT\
ihen Mel
(T4) , (T6)

W8 2-chioro-5,11-dihydro-11-ethyl-4-methyl-8-(phenylthio)-methyl-6H-dipyridof3,2-
b2, 3-e][1,4]diazepin-6-one (T4) (118 fiadniu, 0.29 Hadlua) azartlu N,N-dimethylformamide
(2 Aa8ddng) nuldussennareslulagiay Bin sodium hydride (17.3 Hadnfu, 0.43 fisdlua) a4
W AuspendRguUgd 50 °C 1hism 30 1w amiufeliresumnduadiiaamniives Gy Mel
{0.05 {inddng, 0.80 Hadlua) ﬂumaquﬁuﬁi}muqﬁﬁmtﬂumm 0.5 Falia annifudinringy afin
fintl ethyl acetate Fradmuaimdomingy  udaililsaaanintada anhydrous sodium
suiphate N8N TEMEAINIAZANEAEN ﬁ']'lﬁu?qw"iﬁmﬂ'liﬂﬂﬁuu’Tﬂmq‘l‘mnﬂﬁ Hvfat 20% ethyl
acetatefhexane  arlfivaeudannire 2-chlorg-5,11-dihydro-11-ethyl-4-methyl-8-(phenylthio)-
methyl-5-methyl-6H4-dipyridof3,2-b 2", 3™-¢][1,4]diazepin-6-one (T6) {106 uasniy, 87%)

FTIR (KBr), V,. cm: 2970 (C-H aliphatic), 1645 (C=0), 1583 (C=N), 1452 (C=C),
1343 (C-N}, 1247 (C=C-H). 733 (C-3), 690 {C-Cl}

'H NMR (CDCI,, 200 MHz) 8: 8.21 (d, J=2.2 Hz, 1H, H-9), 7.99 (d, J=2.2 Hz, 1H, H-7),
7.30-7.21 (m, 5H, phenyl), 6.96 (s, 1H, H-3), 4.14 (q, J=7.3 Hz, TH, CH,CH,), 4.12 (q, J=7.3 Hz,
1H, CH,CH,). 4.05 (s, 2H, CH,S), 3.32 (s, 3H, N-CH,), 2.32 (s, 3H, CH,), 1.24 (t, J=7.3 Hz, 3H,
CH,CH,)

®C NMR (CDCI, 50 MHz): 168.1, 158.7, 156.8, 150.0, 146.4, 145.8, 140.8, 135.1,
130.5(20), 128.0(2C), 128.8, 128.5, 127.0, 122.0, 121.6, 41.2, 38.2, 35.7, 18.0, 13.5 ppm

MS (El), m/z (relative intensity): 425 (M", 3), 349 (21), 269 (100}, 227 (30)

HRMS (APCI-TOF) calcd. fof C,,H,,N,0SCI [M+H]' 425.1197; found: 425.1192
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2-Chloro-5,11-dihydro-11-ethyl-4-methyl-8-(3-methoxyphenylthio)-methyl-5-methyl-6 H-
dipyridof3,2-b:2",3'-¢] [1,4)diazepin-6-one (T7)

Ha gy 0 T5, NaH, CHs ﬁ”ﬂ C,P
XM SPh(m-OCHg) DMF m ﬁ/\SPh(nPOCHa)
Z thenMel o “NT NN

N

[T5) . (T7)

ang 2-chloro-5, 11-dihydro-11-ethyl-4-methyl-8-(3-methoxyphenyithio)-methyl-6H-
dipyrido{3,2-b2,3"-¢](1,4)diazepin-6-one (T5) (52 #a@n¥u, 0.12 Hadlua) avstlu NN-
dimethylformamide (2 §iadans) neldussanniaasstulngiau @in sodium hydride (7 Sadn¥y,
0.18 iadlur) sl ﬂwnmnauﬁ"qmuqﬁ 50 °C e 30 wAl A muielivnanfiuad
qrunnfivios in Mel (0.03 fiaddns, 0.48 Tadtug) Auransuignmniveuiuaa 0.5 dalue
Mnthadningy afadae ethyl acetate Fradauaiadnminngy udmnlFdmasntniag iy
anhydrous sodium sulphate N84 FZIMEFINIASAEDAN ﬁﬂﬁu‘?‘qwﬁrtﬂa'l‘i’ﬂﬂe‘a’uu’?ﬂ?m'fmnﬂﬁ
4298 20% ethyl acetatethexane 2% 1418914119984 2-chloro-5,11-dihydro-11-ethyl-4-methyi-8-
(3-methoxyphenylthio)-methyl-s-memyl—ﬁH-dipyrido[3.2-b.2',3‘-e][1,4]diazepin-&or¢e {T7) (44,5

Y

f88n5, 83%) IAuaaumanat] Ut 120-121 aangaifes

FTIR (KBr), V,. cm": 2935 (C-H aliphatic), 1642 (C=0), 1588 (C=C), 1455 (C=C),
1385 (C-N), 1249 (C=C-H), 782 (C-S), 689 (C-Cl) - .

"H NMR (CDC,, 200 MHz) 8: 8.23 (d, J=2.2 Hz, 1H, H-9), 8.01 (d, J=2.2 Hz, 1H, H-7),
7.27-6.71 (m, 4H of Ph(m-OCH,)), 4.14 (q, J=7 Hz, 2H, CH,CH,), 4.05 (s, 2H, CH,S), 3.70 (s, 3H,
OCH,), 3.32 (5, 3H, N-CH,), 2.33 (s, 3H, CH,). 1.25 {t, J=7 Hz, 3H, CH,GH,)

C NMR (CDCY,, 50 MHz): 168.0, 159.9, 158.5, 156.6, 149.8, 146.5, 145.8, 141.0, 136.2,
129.9, 128.8, 128.5, 1225, 122.1, 121.7, 1157, 113.0, 55.2, 41.3, 38.2, 35.5, 19.0, 13.5 ppm
MS (E1), m/z (refative intensity): 454 (M, 4), 315 (100}, 267 (13)

HRMS (APCI-TOF) calcd. for C23H24N Q,8Cl [M+H]" 455 1308, found; 455.1316



MeFALAsIZR TB-TO
2-Hydroxy-5-nitronicotinic acid (35)

COOH OsN COCH
H conc.Hy50,, HNO; H
- ———

5
(34) (35)

W@ 2-hydroxynicotinic acid (34) (3 n¥w, 21.6 Hadilua) azawsransaganadnidiudu
oy L) k23 =y _~ - o ; "
(24 fiadang) Wduasazarala FHunsalusEn 69% (3 AaRanT) Auarsazanaiduille@eaiy
Y 4 Lo X o -
niulianns¥aun 50 semraidug Wunan 7 Falue Ralianrazanaidiuasigoumniiied inadly
Y o A ' o a Xy 1 ¥ [ " v ) |
i nrosnznauimaessaniiindu drenznaudaeiidiu waawnbiuie axlancnaudivaasesu

98 2-hydroxy-5-nitronicotinic acid (35) (3.13 N3, 79%) d9ax 4 udusa llé: m.p. 241242 °C.

FTIR (KBr), V., cm’: 3027 (O-H), 2872 (O-H), 1717 (C=0), 1624 (C=N), 1572 {C=C),
1466 and 1356 (NO,), 1147 (C-0), 896 (C-OH), 653 (0-C=0), 599 (NO,), 509 (C-C=0)

'H NMR (acetone-d,, 200 MHz) 8: 9.16 (d, J=2.9 Hz, 1H, H-6), 9.00 (d, J=2.9, 1H, H-4)

“C NMR (acetone-d,, 50 MHz): 165.7, 163.7, 142.1, 140.2, 133.4, 118.3 ppm*

MS (EI), m/z(relative intensity): 184 (M”, 50), 140 (100). 127 (31), 108 (24), 94 (75)

2-Chloro-5-nitronicotinic acid (36)

OsN COOH O,N COOH - .
P B e — P

N OH reflux, 4h N cl
{35} {36)

a3 2-hydroxy-5-nitronicotinic acid (35) (2 nfu, 10.87 fadlua) 1dlumadunan @
phosphorus oxychloride (6 Nad8nT, 64.36 NARLNA) 'lﬁm'm%ﬂuﬁ'fqmuqﬁ reflux ithua 4
falue Alesaramiussiguugivag P’mﬂ']uﬂﬁm?ﬂ:mﬂm’luﬁ'\né’uw%‘ﬁuﬁuﬂuﬂﬂmﬂﬁlﬂ
dnetanlignumnilhidiu 40 asrsdds Toadaniudndnties ’mnﬁfuﬂuﬂﬂanﬁuﬁqmuqﬁﬁm

AiaBin 1 AL anduanmasing diethyl ether 199U ether Faenindu udmitlfnaininlasdy
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anhydrous sodium sulphate N394 uazssivesasanesn arldsond@masanases 2-
chioro-5-nitronicotinic acid (36) (1.72 AfN, 78%); m.p. 140-141 °C. )

FTIR (KBr), V. cm’: 2909 (O-H), 1718 (C=0), 1609 (C=C), 1575 (C=N), 1415 and
1358 (NO,), 1273, 1240, 1135 (C-0), 732 (C-Cl)

’H NMR (DMSO-d,, 200 MHz) 0:9.32 (d, J=2.9 Hz, 1H, H-6), 8.85 (d, J=2.9, 1H, H-4)

“C NMR (DMSO-d,, 50 MHz): 163.9, 152.8, 146.5, 143.3, 134.9, 128.3 ppm

MS (E1), m/z{relative intensity): 202 (M”, 100), 174 (53), 156 (74), 100 (65), 76 (67)

2-Chloro-4-methyl-3-nitropyridine (38}

CHa CHa,
%-NO2 %%~ NO2
I POCl I \
e o
N” "OH 150 °C. 6h N7 ¢t
{37) {38}

11819 2-hydroxy-4-methyl-3-nitropyridine (37) (600 Zadniu, 3.90 Hadlug) 1dlusnn vial
sl phosphorus oxychioride (2 fiad@ans, 21.4 fading) adondafiuialin Werufoud
150 DA gaiTea (@il oil bath) dlunsn 6 i ﬁﬂfiﬂﬂm:mmﬁumﬁ‘qmnqﬁﬁm ANt
mansazaaasluiinnofusspiude ausesaudaduns 1 datus n?ﬂqm:nﬂuﬁﬁfn‘:ﬁu 1
aenaudannndl  aImidaTaHRIIeusIY  dichloromethane  &19fuansavane  sodium
hydrogen carbonate Suflutn iU dichloromethane 1ndadaeinguanae wdavinli
Ynsaminlagiiy anhydrous sodium sulphate 1384 Wa=TsmEdasaIaeN ThdndimAou
ﬁﬂﬁu‘mw’ﬁmﬂ'l"n’ﬂﬂﬁuu“fﬂfm'ﬂmnﬂﬁ Trdatl 15%ethyl acetaterhexane azlAraauiaimdeuia
794 2-chloro-4-methyl-3-nitropyridine (38) (570 Hadniu, 85%) qanaaumalagtudie 51-52

-

APLTRITeIE

FTIR {KBr), V m": 1590 (C=C), 1526 (C=N}, 1359 (NO,), 854 (C-N), 838 (C-Cl}

mat ©
"H NMR (CDCl,, 200 MHz) 8: 8.39 (d, J=5.1 Hz, 1H, H-6), 7.25 (d, J=5.1 Hz, 1H, H-5),
2.40 (s, 3H, CH,)
®C NMR (CDC,, 50 MHz): 149.8 (2C), 142.0, 141.8, 125.1 (2C), 17.1 ppm
MS (EI), m/z (refative intensity): 373 (M", 100), 156 (30), 128 (6)

HRMS (APCI-TOF) calcd. for CHN,0,Cl [M+H]" 173.0112; found: 173.0113
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2-{Cyclopropylamino)-4-methyl-3-nitropyridine (39)

CH; CHs
NOZ NOZ
-~ -~
Nl xylene, 105 °C, 4h N° NH
(38) (39)

Wans 2-chloro-4-methyt-3-nitropyridine (38) (550 fiadnFu, 3.2 iadlua) ararudae
xylene (1 ml) tdlu99a vial Bin cyclopropylamine (0.9 fiaRant, 12.8 Hadlua) Dathaalfuuu
aiin Wannadeuit 105 asvrta@aa (oagl oil bath) Whuaan 4 dalue felianracany duadd
fruuiivias wmaalinndu afasian dichloromethane #1344 dichloromethane daetiandu uda
WilsrAninlnadn anhydrous sodium sulphate NFAY LATITMHFWNOZAIAEN &R IMEE
i gvisisulfrefnfianninana i weian 10%ethyl acetatemexane arlfuaammdmios

#1993 2-cyclopropylamino-4-methyl-3-nitropyridine (39) (610 Ja@nTu, 99%)

FTIR (KB1), V. cm’': 3404 (N-H), 1596 (C=C), 1558 (C=N), 1359 (NO,)}, 861 (C-N)

'H NMR {CDCI,, 200 MHz) O: 8.23 (d, J=5.1 Hz, 1H, H-6), 7.51 (br s, 1H, NR), 6.54 (d,
J=5.1 Hz, 1H, H-5), 3.00-2.88 (m, 1H, CH-cyclopropyl}, 2.53 (s, 3H, CH,), 0.95-0.85 (m, 1H,
CH,-cyclopropyl), 0.62-0.54 (m, 1H, CH,-cyclopropyl}

“C NMR (CDCI,, 50 MHz): 153.6, 162.2, 146.0, 131.0, 116.3, 24.4, 21.4, 7.3 (2C) ppm

MS (El), m/z(retative intensity): 194 (M+H)", 100), 176 (76), 146 (60), 131 (20)

-

L

-

3-Amina-2-cyclopropylamino-4-methylpyridine (40)

CH; CH,

NO, NH,
Ej“ji §nCly.2H,0, conc.HC! f\\:E
- —_—— .

-
N" 'hNH AcOH, ¢t, 3h N™ "NH
@ A o A

»
H@1s 2-cyclopropylamino-4-methyl-3-nitropyridine (39) (686 N@@NTN, 3.55 NAAINA)

usravtumafiunay (Bin acetic acid (7.4 fadang) Auarrasaeliiduila@ooiu udresana
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Tusranuds wENE1IRTaHYD9 SnCL,.2H,0 (2.68 nfk, 11.9 fadlua) lunsalalasasednidudu
(2.2 NaAAAT) ABHYPANSITAZAEDB SnCL,2H,0 Tunm §alUANTATANE TN TRUA O B4R
4 4 o - v ¥ ¥
wadoa aanuAusasnasRguunivieadunan 3 9 antiuudesananadiuaraiinda wuds
nfu AuDNaNARBNANN azfanznaudian Aeudnarsazatt 50% sodium hydroxide Ty
adlilaumznauazantun (pH Uszunoe 11-12) &inwadndnsae dichloromethane vhdaufadn
Wundnadantindu arntuindu dichloromethane wnlilas i laedy anhydrous sodium
sulphate &l N99e uazszwmdMaazawean Arldnan@auenueas 3-amino-2-cyclopropyl
amino-4-methyl pyridine (40) {481 Iadnfu, 83%) Faanunsotn U udusatl (m.p.148-
150°C, K.G.Grozinger et al., 2000)

FTIR (KBr), V. cm™: 3334 (N-H), 1655 (NH,), 1609 (C=C), 1558 {C=N), 1516, 1424,
1365, 1235 (C-N), 1019, 805 (CH)

"H NMR (CDC!,, 200 MHz) ©: 7.72 (d, J=56.1 Hz, 1H, H-6), 6.49 (d, J=5.1 Hz, 1H, H-5),
4.63 (br s, 1H, NH), 3.19 (br s, 2H, NH,), 2.84-2.77 (m, 1H, CH-cyclopropyl}, 2.15 (s, 3K, CH,),
0.84-0.75 (m, 1H, CH,-cyclopropy!), 0.53-0.46 (m, 1H, CH,-cyclopropyl)

®C NMR (CDCl,, 50 MHz): 150.1, 138.0, 129.6, 127.0, 116.6, 24.5, 16.6, 7.1 (2@) ppm

MS (El), m/z(relative intensity): 164 (M+H)", 100), 148 (66), 134 (20), 80 (22)

HRMS (APCI-TOF) calcd. for CgH, N, [M+H]" 164.1182; found: 164.1182.

N-(2-cyclopropylamino-4-methyl-3-pyridinyl}-2-chloro-5-nitro-3-pyridinecarbox amide (42)

-

-

o N""NH Oy 9
ZNWCOOH CONCH OZNHCOCI (a0A 5 ﬁu—ci\j;noz
N Scl DMF, benzene N THF, DIEA 6 N ZNH Ql 2 N
{36) (41) (42)

Wizt acid chloride (41) laenin 2-chioro-5-nitronicotinic acid (36) (250 Ha@niw, 1.23
, + .
o e 2 y o e ol a b PR
fiaflug) dluroniunan Bin benzene (5 RARAN?) AUTOIMANVUMHWRY ANUUGEN oxalyl

chloride (0.3 Aadams, 3.90 Hadlua) vem N,N-dimethytformamide a3l (2 uan) Uaraiunas
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#ag calcium chioride guard tube AuAtsarateigauu)iiveatung 1 falue szmeandoni

L'

aransaan Azl 2-chloro-5-nitronicotinyl chioride (41)

111417 3-amino-2-cyclopropylamino-4-methylpyridine (40) (116 Hadniu, 0.71 HaRlNA)
azatu tetrahydrofuran (3 HedfnT) AN N-ethyldiisopropytamine (0.37 JIaRaa9, 2.13 ladlua)
augsazanE iRy udastusaiud mnﬁ’udeaquﬂmmmxmmm 2-chloro-5-nitronicotinyl
chioride (41) T tetrahydrofuran (2 fa@da3) aluarrazandieiu Uneoaffunansas calcium
chloride guard tube AuAITRTABGOUNGY 5 fal Fuindy UWRANTAZA  sodium
hydrogen carbonate ﬁluﬁqluﬁﬂ afimpiag dichloromethane ﬁ’l%u dichloromethane mﬁ%ﬁﬂﬂﬁ‘]
ndu udavinlisrsnaialaeiAn anhydrous sodium sulphate NTEY WAYTEIAEIFIVIAYANLDEN
S bitgnslasdrednllanninme® gwéion 30% ethyl acetaterhexane axlfuaiudsd
IMRB9T8Y N-(2-cyclopropylamino-4-methyl-3-pyridinyl)-2-chloro-5-nitro-3-pyridinecarboxamide
(42) {105 ia@nfN, 53%) (m.p. 185-186°C, K.G.Grozinger et af., 2000)

FTIR (KBr), V.., cm: 3230 (NH), 1650 (C=0), 1602 (C=C), 1568 (C=N), 1521 (N-H),

1352 (NO,), 746 (C-Cl)
"H NMR (acetone-d,, 200 MHz) O: 9.30 (d, J=2.9 Hz, 1H, H-6"), 9.22 (br s, 1t HN-CO),
8.95 (d, J=2.9, H, H-4"), 7.96 (d, J=5.1 Hz, 1H, H-6), 6.58 (d, J=4.4 Hz, 1H, H-5), 8.06 (br s,
1R, NH}, 2.79-2.71 (m, 1H, CH-cyclopropyl), 2.29 (s, 3H, CH,), 0.73-0.63 (m, 1H, CH,-
cyclopropyl), 0.42-0.35 {m, 1H, CH,-cyclopropyl)
“C NMR (acetone-d,, 50 MHz): 163.2, 157.1, 153.4, 147.5, 146.5, 145.6, 144.7, 134.4,
134.2, 116.9, 115.9, 25.2, 18.2, 7.5 (2C) ppm ) '
MS (Ef), m/z(retative intensity): 348 (M+H), 56), 332 (15), 314 (100), 233 (65), 162 (75)

HRMS (APCI-TOF) caled. for C,.H,N,0,Ci [M+H]" 348.0858; found: 348.0863.
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4-Methyi-8-nitro-5,11-dihydro-11-cyclopropyl-6 H-dipyridol[3,2-b:2',3'-ef[1,4] diazepin-6-one (43)

-

o)
CHa“ g NO "
= SR HMDS =z NN,
| et I P —_— \\ P l"
o, N =
N7 TNH C” N 110 °C, 24h N N
(42) (43)

AT N-(2-cyclopropylamino-4-methyl-3-pyridinyt)-2-chloro-5-nitro-3-pyridine  carbox-
amide {42) (378 dafn%u, 1.09 dadlua) srarelu hexamethyldisilazane (36 fiagans) oy
suspension WAMNSaLT 110 avrnaadan Wunan 24 ol seldilluansazanaladinma #a
Wisuasfigaumniitas Ganindu siadan dichloromethane 11144 dichloromethane ud19ffatnin
nfu LA minlaeda anhydrous sodium sulphate N8 BATTEMEAIATALDRN K
wiia Anudnlu acetone azlAesaud @manaeas 4-methyi-8-nitro-5,11-dihydro-11-cyclopropyl-6H-
dipyrido[3,2-b:2",3"-€][1,4]diazepin -6-one (43) (305 HaANTY, 90%) YAnaaNIal9g LUt 266.5-
268 DIANIRIBUR (dec.) (m.p.259-266°C,K.G.Grozinger et al., 2000)

FTIR (KBN), V., cm™: 3197 (NH), 1659 (C=0), 1592 (C=C}, 1519 (C=N), 1450 (N-H),
1336 (NO,)

"M NMR (CDCI,, 200 MHz) 0:9.23 {d, J=2.2 Hz, 1H, H-9), 8.89 (d, J=2.2, 1H, H-7), 8.20
{d, 4=5.1 Hz, 1, H-2}, 8.10 (br s, 18, NH), 7.04 (d, J=5.1 Hz, 1H, H-3), 3.80-3.70 (m, 1H, CH-
cyclopropyl), 2.42 (s, 3H, CH,), 1.10-1.00 {m, 1H, CH,-cyclopropy!), 0.60-0.50 (m, 1H, CH,-

cyclopropyl) .
®C NMR (CDCl,, 50 MHz): 166.4, 163.9, 151.8, 147.5, 144.9, 140.1, 139.6, 136.5, 1244,
123.0, 118.8, 30.8, 17.6, 9.3 (2C) ppm

HRMS (ESI-TOF) caled. for C,;H, N0, [M+H]" 312.1001; found: 312.1087.
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8-Amino-4-methyl-5,11-dihydro-11-cyclopropyl-6H-dipyrido[3,2-b:2',3’-e][ 1,4]diazepin-6-one
hydrochloride salt {T8) -

HsG o g HG 2
= | XyNO2  AcOH, $nCl,. 2H,0 == | N~NH, Hl
LA 2R A
A AT

conc.HCI, rt, 1h

{43) (T8}

WEns 4-methyl-8-nitro-5,11-dihydro-11-cyclopropyl-6H-dipyrido[3,2-b 2", 3'-e][1,4]
diazepin-6-one (43) (80 Ha@nin, 0.25 Nadlue) usryaalumaiunan B acetic acid (2.8
NRRANT) augzaratliiiudadeoiy  wissauadlugainede  wieuansazenemes
SnCl,2H,0 (190 §iadnsw, 0.84 Hadlua) unsalalaraaeindiudiu (0.7 faddRs) deaqds
41302818989 SnCl,.2H,0 unsa astuanTayA IR IR 0 aeATadug asfinnznaud
BEGN mnﬁfuﬂwﬂ‘aquﬁuﬁfqmuqﬁﬁmu']wnm 1 dah nresmzneudoes Fanznaudee
tetrahydrofuran B lRuKe aclduaufnnenuees 8-amino-4-methyl-5,11-dihydro-11-cyclopropyl-
6H-dipyrido[3,2-b:2",3™-€][ 1,4]diazepin-6-one hydrochloride salt (T8) {60 mg, 73%)

FTIR (KB}, V.. cm’™ 3519 (NH), 2587 (N-H of NH,"), 1668 (C=0), 1620 (G=C), 1539
(NH of NH,"}, 1468 (N-H), 1254 (C-N)

‘H NMR (DMSO-d,, 200 MHz) &: 10.12 (s, TH, HN-C=0), 8.47 {d, J=2.2 Hz, 1H, H-9),
8.12 {d, J=5.1 Hz, 1H, H-2}, 7.99 (d, J=2.2 Hz, 1H, H-7), 7.18 {d, J=5.1 Hz, 1H, H-3}, 5.63 (br s,
NH,), 3.63 (m, 1H, CH-cyclopropyl), 2.37 (s, 3H, CH,), 0.82-0.88 (m, 1H, CH,~cyclopropyl), 0.50-
0.30 (m, #H, CH,-cyclopropyl) i ’

“C NMR (DMSO-d,, 50 MHz): 165.6, 156.6, 152.6, 143.6, 142.6, 142.4, 133.4, 128.0,
125.2,122.7,121.1,29.5, 17.7, 8.8, 8.6 ppm

HRMS (ESI-TOF) caled. for C,(H, N, O (M+H]' 282.1349; found: 282.1354.
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8-Amino-4-methyl-5,11-dihydro-11-cyclopropyl-6H-dipyrido{3,2-b:2",3"-e](1,4] diazepin-6-one (T9)

-

HC 1N { HeC {

== “y—-NH2. HCI 50% NaOH — oy NH3
\ ! _— -\ [

N g N N g N

(1) (T9)

WANT 8-amino-4-mefhyl-5,1 1-dihydro-11-cyclopropyl-6H-dipyrido[3,2-5.2°,3'-e]{1,4]
diazepin-6-one hydrochloride salt (T8) ﬁza’itﬂ.uﬁ'l AN TaTaNY 50%aq.NaOH UuTsiA pH
sz 12 afmsie dichloromethane Hﬁ’]ﬂ’]ﬂ%ﬂ ufodadu dichloromethane deniandis udoia
Pilmasaniniaediu anhydrous sodium sulphate N984 UASIEMEAIaTAEasn AZlANanA
LR ADIU8N  8-amino-4-methyl-5,11-dihydro-11-cyclopropyl-6H-dipyrido[3,2-b.2',3"-¢]{1,4]
diazepin-6-one (T8) (90%) (m.p. 294-296 °C,K.G.Grozfnger et al., 2000}

FTIR (KBr}), V, . cm’: 3362 (NH,), 3317 (N-H), 1662 (C=0), 1640 (NH,), 1602 (C=C),
1472 {N-H), 1237 (C-N)

'H NMR (DMSO-d,, 200 MHz) O: 9.69 (s, 1H. HN-C=0), 8.01 (d, J=4.4 Hz, 1H, H-2),
7.84 (d, J=2.2 Hz, 1H, H-9), 7.20 (d, J=2.9 Hz, 1H, H-7), 6.98 (d, J=5.1 Hz, 1H, H-%), 5.25 (s,
ZH. NH,), 3.60-3.40 (m, 1H, CH-cyclopropyl), 228 (s, 3H, CH,), 0.80-0.60 (m, tH, CH,-
cyclopropyl}, 0.30-0.10 (m, 1H, CH_-cyclopropyt)

®C NMR (DMSO-d,, 50 MHz): 167.4, 155.3, 149.9, 143.2, 141.6, 140.1, 137.2, 124.8,
123.1,121.5, 121.0, 28.8, 17.5, 8.5, 8.4 ppm

HRMS (APCI-TOF) caled. for C,gH,(NO [M+H]" 282.1360; found: 282.1352" .



nsfnuniseangmimuidaatleTunaasnaaes
1. ¥aflédiu DAS (HIV-1 subtype E) ‘lﬁmmnucﬁaéﬁ'ar15‘s‘n"§ﬁm%® HIV usdldadinasss o
Tranegunadime tialdanawus x4 %qﬁ@mﬂuﬁﬁmqmﬁqﬁwmlﬂu syncytia inducing (S1)
formation TmﬂL@ﬁﬂﬂ“ﬁﬁm’%ﬂﬁgﬂﬂatﬂﬁﬂuuﬂﬂﬂﬂ (cytopathic effect)
2. wadiliwnzdn
2.1 wadEInIRtaRauaFEY (Pheripheral blood mononuclear cell) M EBALLTA
Tafin dwdunisusndalaia HIv mmﬁﬂmﬁﬁméﬂ
22 Iaduia@enu191TA HO cell line FaUT-lymphoblastoid cell line F9FANFIANIAN
#0117 Medical research Centre, UK [iawiteniihilafadunumnn (vical stock)
2.3 wadwnaaniniaiin C8166 cell line %qtﬂuT-lymphoblastoid celt line Wlunsmagey
qw‘émmmsﬁthq AARATATINITANE
3. #1908t ‘iﬁlmzmﬂﬂ;ﬂu 70%-95% DMSO 415U 5 f1atia (A9199 2)
4. winshia 3 Wsduily reversed transcriptase (RT) inhibitor ¥89a9AmInganssy e 'ld
dusapiuatmatiammasasnaanlanms Usenausioe
4.1 ANTIVIR (AZT 100 mg)
42 GPQ-vir "%dlﬂu analog 189 RT inhibitors 3 1flm (Nevirapine 200mg, Lémivudine
150mg URy Stavudine 30 mg)
4.3 NERAVIR (Nevirapine 200 mg} %mﬂu analog 98 RT inhibitors

o
FEn1snAEeu
-y -t ] ar o] o ] +
1. ms;ﬁnmmmtﬁuw&mmﬂwmama, B1FINTIISH WAZ DMSO NNHANDITANII o
&
VARAUINNWICLALS

Aean ssfidesnmadenuaza3inslasa lui@osadifldanaududuitseiu
10, 1, 0.1 ugiml LAXABA1S DMSO TITE6Ls 1%, 0.1% ua, 0.01% 141 tissue culture plate
pwdndL Tamingn 2 1A (duplicate) udaIniAN 8166 cells AINURN BAZRARINYN
Fuiduan 7 5 1mjm:mmﬂﬂummfiﬂﬂumwﬂumcﬁﬂmwaa’nnﬂ%\l Irenfudniuuazian
qmaﬁﬁﬁi"‘mé’eﬂ 1% tryphan blue i DO Gufl 0), D4 unz p7iatldnfesqansand

=t - - aJ 1l . .
wiauisuiigadaiu Al bicactive
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2. msﬁnmuarai'ameé'uéf:Lé'fah%'m&'l’nzjmaﬁ(\rimslaﬁc) uazdansandelada (virucidal)
To¥ai 1457 100 TCIDSO (50% Tissue cell infectivity dose FaiTiANAINUTITAS
Tfafiieliiiandadelugad 50%) Fdldannadeanslofausming: 4 UQN AMIUNT
AN FARERT Karber equation usiﬂ::ﬁg’qﬁ}maﬂuﬁﬁomuauﬁmum 5 1ilm
2.1 danauaulafa (virus control) Tnndaanat 100, 10 uaz 1 TCIDSO thaRnanwla¥a
fdtummeasudesléf 100 TCIDSO ?}ﬂﬂ%ﬂ
22 @AILANTAS CB166 (cell control) NBATIAADLIANIATHIENTASAARANTT
RARTNNARAY
2.3 AIAIUIAN Bicactive (Bioactive control) [ReMsIAAaLINAIINATRRLTAGAREL
2.4 FIATLIAKETT DMSO (DMSO control) tRBATAAELINANTZNLARN"TIAN
Suaupaslafaluradinzidn '
2.5 Fapauaueaningla¥a (AZT, GPO~ir unt Nevirapine controls) tHEATIAAEL

. - 3
HANTENUADIIIAINITLIAEN

ey 1 a & o
neAnwaasmsduassininemstudadeldmirgured (viustatic)
v
Tunamasay audrszatadaatiuged C8166  1hwaan 30 urdi Taeniyin 2 1
] 1 LY ¥ k4 v L
(duplicate) A& loFanscAv 100 TCID50 aUld 3 92109 ndadw 4 aF1 udva Nl R lududse
ool o 1 e L 4 T v £ ot < -] o ot
filans et g0 wih Sannuilunaiwie 7 fu Selinisdsuinidosad Tudum 3
o a o X . -
Taa® D4 was D7 Hamumndisuudasaagadinnzi@m (cytopathic effect) wazlu D7 Fnnu
> L4
mra¥e p2a Ag  Tuindsaad fasgana ELISA dniagl Awanieanuuilu ECS0 (50%

1 i A - AJ ar :’l [ &
effective goncentration FadluAnarudidiutes ansfethataninsndudalaiald 50%) .

NN ATaIENSANATENN danssnEatada (virucidal)

lunmasel susezans fathadLlafafiszdl 100 TCIDSO 14 1 4aTualagning 2 10
(duplicate) wREnAy Seldesad 8166 autiihus 1 4alus udadna 4 p%s wRNABAmN
Wunannu 7 fulaiimmidnunhiRsusadluiuit 3 Taeit D4 wss D7 Aamuminlasuulag

a 4] oy t’ é‘ e P
eaIRdmIziats wasly D7 mmmum?ﬂj’w p24 Ag hWahaagadidwinaariiy
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3. MSANEANNANNSIURIEITRLATIERlUN 8IS reverse transcriptase activity 289
L%‘B Hiv-1 B

da HIv-1 Alflummagan

1. HIV-1g,, Huda HIV #ldanmavn Transfection plasmid HIV-1g,, 9
Molecular clone HIV wild type il mutation T Reverse Transcriptase (RT)
sequence M ALY HIV lasiosn

2. HIV-1g3 fude HIV FFaenmsin Transfection plasmid HIV-1g s 30110
Molecular clone HIV & mutations W RT sequence AB ABVNTSIFTTU
F116Y/Q151M ¥lidu HIV Anasieenailn Nucleoside RT Infibitor (NRTI) 1éiur
3'-azido-3'-decxythymidine (AZT), 2'.3-dideoxycytidine (ddC), 2', 3'-dideoxy

inosine (ddl)s.

| ' <4 o P ] .

aanasudaiie 3 dau A MM Reverse transcription”, real-time polymerase
chain reaction (PCR), WAz NMIWAY %inhibition of RT uas 1C50 *
1. Reverse transcription

FuAmnTETEN Master mix 299 5X Buffer, DTT, dNTP, EM(%V primer,
RNase-inhibitor, EMCV RNA template, RNase-free water U NP40 uanuualg
vaaaARBMaRRaTINiY anthniudazuaanll i@y standard enzyme (AMV

reverse transcriptase (10U/ul), QIAGEN) %38 HIV-1 uaz @136l

. Sensitive HIV-1 Reslstant HIV-1
AMV reverse transcriptase SUMS | Sumtd
¥ 10 fold difution uia197 10°, ¥ 10 fold dilution ufn1%d ¥ 10 fold iiution uda 14
-*
10, uaz 10° nanounitsiul 1EM 10" nanounits/ul 10" nasounitsful
standard curve
- - J L] - L o ., '] - 1k L
WA Rivase-free water  Wiin anraftaudindusing PR wiild i siiauddusag Bidinens usivint
Furnalildides uaside Phnendiaiumndn  Guaninlilfifeans uazde rardiunsd
39 2 W1 5 irde DMSO DMSO 9N 2 Ui 5 1inding DMSO DMSO
’ »

- . A =l v
Wanau Master mix, AMV-RT 158 HIV-1 was a1sssanimasatlunaasnaay

2 o . cJ = -I/ :’1 L1
udm 1l incubate T water bath g 42 °C Wuaan 1 Galug Funauil RT
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i | 1
activity 199 AMV-RT %% HIv-1 azitaeu EMCV RNA template Witlu EMCV
P ™ o v & = e =
cDNA ‘luamq:nwm‘luummﬁmmum“numoq dmnansinagauilaau
A0 IUNFELIINTRINEEY RT asvin ey EMCV cDNA luuaan

1 A o .. - .
nagpiapanitabifliag @iansu 1 49l RT activity axgninatalasnis incubate

1u heat block figruniil 95°C haaat 5 unf

2. Real-time polymerase chain reaction (PCR)

w3ty Master mix Iaanan 10X Buffer, MgCl,, dNTP, Probe, EMCV forward
and reward primers, Hot Tag DNA polymerase Waz Distill water udourinldunann
VORDIMABAALIVNTU antuthusiazeeallifin  product AN
Reverse transcription drlidniedes reaktime PCR (Rotor Gene) hwaan 2
§ahua o DNA polymerase AZANATUIN EMCV cDNA Tuusiazuaasitiuin
Tuuuy exponential LAY 479U EMCV DNA product 4:gn detect A8 Probe éq

QLUARINR (U program u computer

3. MSMIRY % Inhibition of RT Waz IC50 .

Imun1sld Program Az msnuIAT RT activity (nanounits/ul) 189 HIV-1g,e
o (= [YRRY R a .
WATHIV-1g,,, TuMRoARTasuasuaanibifialsd dladeusy RT activity 109
t e 1 ‘J 1- o
AMV RT antiutiidn RT activity AlANIAMIMAM@ R Taeasa s

wafiduslunsfiudy RT activity angms

-
.

-

% Inhibition of RT = (RT activity 363 HIV-1, FaildFnans - RT activity 184 Hlv-m‘n’ﬁnmﬂ X 100

J L} L]
RT activity 383 HIV-1, RLildnans

HIV-1, = HV-1g,,,, W38 V-,

AT % Inhibition waz AMMdnduaasans (M) W plot graph uuy Nonfinear

, o + - e ]
regression 1atl4 program GraphPad Prism {RaMAMNAURUEAIANNITEINEN



Y= 1;(1 +1 0((Log1050-x)6lope )
e Y = (% inhibition) X 0.01

X = compound concentration (M)

iR INIT1ddoyaes Y uer X 109a13adlu Prism program udadadiamising

program arAUINLAZLERIAT IC50
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Abstract: Based on the molecular modeling analysis against Y181C HIV-1 RT,
dipyridodiazepinone derivatives containing an unsubstituted lactam nitrogen and 2-
chloro-8-arylthiomethyl were synthesized via an efficient route. Some of them were
evaluated for their amtiviral activity against HIV-1 RT subtype E and were found to
exhibit virustatic activity comparable to some clinically used therapeutic agents.
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Introduction

The introduction of antiretroviral therapy results in delayed progression of HIV-1. The majority of
existing therapy methods have targeted the viral replication at reverse transcriptase (RT) and protease
enzyme (1,2]. However, the emergence of drug resistance has been observed [3,4], therefore, new
therapeutic agents are still needed. Recently, a new class of therapeutic agents has focused on
inhibiting HIV eniry into cells, CD4 binding, coreceptor binding and membrane fusion such as T-20
[5]. A number of biocactive nucleoside-based compounds against HIV virus have been clinically used
[6].

In the clinic, nevirapine (1, Figure 1) [7] monotherapy results in relatively rapid drug resistance
due to mutation of the RT enzyme. In an effort to develop a second generation inhibitor with improved
activity against mutant RT enzyme, a number of dipyridodiazepinone derivatives have been
synthesized and evaluated their activities against HIV-1 RT enzymes [8]. On the basis of a molecular
modeling analysis of activity against Y181C HIV-1 RT aimed at modifying the nevirapine structure
for higher antiviral activity (Table 1), it was shown that the dipyridodiazepinone derivatives containing
unsubstituted lactam nitrogens and a 2-chioro-8-arylthiomethyl (T1 and T2) moiety are effective
inhibitors for this mutant enzyme when compared with 68nv, used as reference [9]. The result
prompted us to develop an efficient synthetic route to prepare 2-chloro-5,11-dihydro-11-ethyl-8-
(phenylthio)methyl-6H-dipyrido{3,2-5.:2°,3"-¢][1,4]diazepin-6-one (T1) and 2-chloro-5,11-dihydro-11-
ethyl-8-(3-methoxy-phenylthio)methyl-6 H-dipyrido[3,2-5.2°,3"-¢]{ 1 ,4]diazepin-6-one (T2) and to
evaluate their anti-HIV-1 activity as well as verifying our hypothesis.

Figure 1. Structure of nevirapine.
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Table 1. Structure of the proposed compounds and calculated Y181C HIV-1-RT inhibitory affinities.
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68nv H CH, CH,SPh 8.0 7.83 1.77 1.79
T1 H H CH,SPh 8.19 1.96 8.01

T2 H H CH,SPh(m-OCH;) 8.25 8.05 8.17
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Table 1. Cont,
Cpds " R - Y181C log (L/C)
Expt.* Cale.® Cale. Calc.”
T3 H CH,OH CH,SPh 7.70 7.55 7.79
T4 CH.CH, H CH,SPh 7.91 7.62 7.80
TS5 OCH, H CH,SPh(m-OCH,) 7.70 747 7.58

*[ref. 9], "Calculated by CoMFA, “Calculated by CoMSIA, *Calculated by HQSAR {ref. 10].
Results and Discussion
Chemistry

Synthesis of T1 and T2 was accomplished from commercially available 2-chloronicotinic acid (2)
and 2,6-dichloro-3-nitropyridine (3). The intermediate aminopyridine 4 was prepared as shown in
Scheme 1. Reaction of 2-chloronicotinyl chloride (5) and 3-amino-2,6-dichloropyridine (6), obtained
from reduction of 3, provided pyridinecarboxamide 7. Treatment of 7 with ethylamine in xylene
produced not only the desired 2'-displacement but also competing substitutions of the 2-chloro and 6-
chloro substituents as significant side reactions. To improve the yield of aminopyridine 4, it appears
that ethylamine should be introduced before carboxamide formation. Thus, 2 was treated with
ethylamine in a sealed tube to give 2-(ethylamino)-3-pyridinecarboxylic acid (8) in quantitative yield.
Then, acid chloride 9 produced from 8 was condensed with 6 to yield 4 in good yield. By this method,
an increased and satisfactory yield of 4 was obtained. ¢

Scheme 1. Synthesis of the intermediate aminopyridine 4.
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Reagents and conditions: (a) (COCl);, benzene, DMF, rt, lh; (b) 6, dioxane,

cyclohexane, pyridine, it, 16h, 60%(from § to 7) and 80%({from 9 to 4); (c) EtNH,,
xylene, 120°C, 0.5h, 40%; (d) EtNH,, 120°C, 4h, 99%
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Scheme 2. Synthesis of compounds T1 and T2.
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Reagents and conditions: (a) Br,, HOAc, KOAc, rt, 1h, 99%; (b) NaHMDS, py, 90 °C,
1h, 90%; (¢} CH,=CH-SnBu;, Pd(PPhy),, DMF, 90 °C, 1lh, 75%; (d) O,
CH,Cl,/MeOH, -78 °C then PPh;, rt, 1h, 85%; (¢) NaBH,, THF, H;O, 1t, 0.5h, 93%;
(f) SOCL,, CH,Cls, EtN, 1t, 87%; (g) NaH, RSH, DMEF, rt, 1h, 70% (T1) and 87%
(T2)

The aminopyridine 4 was regioselectively brominated to afford N-(2,6-dichlogo-3-pyridinyl)-5-
bromo-2-ethylamino-3-pyridinecarboxamide (10) (Scheme 2). The azepinone ring was formed by
treatment with sodium hexamethyldisilazane in pyridine to yield 8-bromo-2-chloro-5,11-dihydro-11-
ethyl-6 H-dipyrido[3,2-5:2°,3’-e][1,4]diazepin-6-one (11). Such a ring closure using sodium hydride
led to the undesired debrominated product. Coupling of 11 with vinyltributyltin in the presence of
tetrakis(triphenylphosphine)palladium(0) provided the 8-vinyl compound 12, which underwent
ozonolysis to give aldehyde 13 in good yield. Reduction of 13 with NaBH, afforded alcohgl 14, which
was converted to the corresponding chioride 15 by treatment with thionyl chloride in dichloromethane.
Reaction of 15 with thiophenolate and 3-methoxythiophenolate in DMF yielded T1 and T2,
respectively. Thus Tt and T2 were synthesized from 2-chloronicotinic acid (2} and 2,6-dichloro-3-
nitropyridine (3) in 10 steps with 26% and 32% overall yields, respectively.

Biological Testing

Compounds T1 and T2, together le'l some intermediates, were evaluated for their virustatic and
virucidal activities against HIV-1 subtype E (CRF01 AE). In addition, the toxicity of the compounds,
DMSQ and cell controls were also examined. The biological activity of T1 and T2 as well as of
intermediates 14 and 15 is summarized in Table 2. Compound T1 exhibited virustatic activity at ECsp
<1 pg/mL for seven days. On the other hand, compound T2 exhibited virustatic activity at ECsp < 1
ug/ml during the first four days, but the activity decreased to ECsp < 10 pg/ml by the seventh day.
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Other intermediates did not show virustatic activity. This result suggested that thioary! group could be
involved in regulating virustatic activity. However, all compounds did not show virucidal activity.

Table 2. Virusiatic and virucidal activities at 50% effective concentration
{ECso) against HIV-1 subtype E.

Virustatic Virucidal
Cpds ECsp, ng/mL ECsy, pg/mL
Day4 Day7 Day4 Day7
14 >10 >10 >10 >10
15 >10 >10 >10 >10
T1 <1 1 >10 >10
T2 <1 <10 >10 >10

Virustatic activity of T1 and T2 against HIV-1 subtype E observed in seven days is shown in
Figure 2. T1 exhibited comparable virustatic activity to that of AZT, GPOvir and nevirapine at
concentration of 1 ug/mL on the fourth day. On the seventh day, T1 exhibited comparable activity to
that of nevirapine at a concentration of 1 ug/ml and to that of GPOvir at 10 ug/mL, but showed higher
activity than AZT at | gg/mL. T2 was less potent than TI (~6-fold) at concentration of 1 pg/mlL.

Figure 2. Virustatic activity of T1 and T2 observed in seven days.
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AZT = azidothymidine, GPOvir = analog of three RT inhibitors (nevirapine,
lamivudine and stavudine), Nevir = nevirapine, DMSO = DMSO control, VC = virus
control and CC = cell control.

Molecular Docking ,

In order to investigate the orientation and estimated binding energies of the inhibitors in the
enzyme binding sife, rmolecular docking by using Lamarckian genetic algorithm AutoDock 3.05
program [11] was used to dock 68nv, T1 and T2 into the binding pocket of HIV-1 RT (pdb code
1KLM) and the results were compared with that of nevirapine, as shown in Table 3. The grid size was
set to 80x80x80. A grid spacing of 0.375 A was used and the numbers of docking runs were set to 50.
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Superimposition of the binding pocket of HIV-1 RT with docked 68nv, T1 and T2, compared with
nevirapine (green), is shown in Figure 3. The obtained results demonstrate clearly that 68nv and both
T1 and T2 oriented their structures in the HIV-1 RT binding site similar to nevirapine. However, the
final docked energies and free energies of binding of both T1 and T2 which are the same as those of
68nv with the value of about £ 0.5 kcal/mol are much lower than that of nevirapine by about 4
kcal/mol. The explanation for this might be the fact that rotatable thiophenyl side chain in the three
compounds can interact with the residues in the binding site such as Lys103, Leu234, His235 and
Tyr318. However, the docked orientations of T1 and T2 revealed that the lack of methyl group at R?
caused a slight move upwards of the T1 and T2 structures and make the adjustment of ethyl group
attached at diazepinone ring to form the attractive interaction with Vall89. Furthermore, methoxy
group attached in thiophenyl side chain of T2 also interacts with Vall06. This can significantly
contribute to the conformational change of the whole enzyme structure, and consequently reduce
catalytic efficiency of the enzyme.

Table 3. The docked energy and free energy of binding (kcal/mol) of T1 and T2 as
compared with nevirapine and 68nv.

Cpds Final Docked Energy Free Energy of Binding
(kecal/mol) (kcal/mol)
Nevirapine -11.88 -11.24
68nv -15.92 -15.03
T1 -15.58 -14.47
T2 -16.37 -14.82 ¢

Figure 3. The binding pocket of enzyme HIV-1 RT with 68nv, T1 and T2
(atom type color) compared with nevirapine {green).
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Conclusions

In summary, two dipyridodiazepinone derivatives, T1 and T2, were synthesized based on a
molecular modeling study and were found to exhibit virustatic activity against HIV-1 RT subtype E at

2.5 uM (1 pg/mM) and 23.5 zM (10 ug/mL), respectively.

Experimental Section
General

The 'H- and C-NMR spectra were recorded on a Varian Gemini 2000 spectrometer operating at
200 and 50 MHz, respectively. Chemical shifts were recorded as 8 values in ppm referenced to the
solvent. Coupling constants (J) are given in Hertz. Infrared (IR) specira were recorded in cm™ on a
Perkin Elmer 1760x FT-IR spectrometer. Mass spectra were obtained on a Finnigan Polaris GCQ mass
spectrometer and accurate masses (HRMS) were obtained on a Bruker Micro TOF in ESI positive
mode. Melting points (m.p.) were determined on a SMP3 melting point apparatus and are reported in

°C uncorrected. Column chromatography was performed on Scharlau silica gel 60 (70-230 mesh).
3-Amino-2,6-dichloropyridine (6)

A solution of SnCly2H;0 (970 mg, 4.3 mmol) in concentrated HCI (0.8 mL) was added dropwise
to a stirred solution of 2,6-dichloro-3-nitropyridine (250 mg, 1.3 mmol) in acetic acig (2.6 mL) and the
mixture was stirred for 3 hours at room temperature. Then the mixture was cooled in ice bath, and
water was added. After stirring for an additional half an hour, the mixture was made basic (pH 12)
with aqueous 50% sodium hydroxide. The reaction mixture was extracted with CH,Cl; and the
combined organic layers were washed with water, dried (Na,SO4) and concentrated under reduced
pressure to give 6 (200 mg, 94.8%) as white solid which could be used directly in the next step.
Recrystallization from hexane/CH,Cl, afforded needles, m.p. 121-122 °C; FTIR (KBT) Vrax: 3460,
3338, 16192 1559, 1454, 1311, 1145, 720 em™; '"H-NMR (CDCl) &: 7.06 (d, /=1.47, 2H); “C-NMR
(CDCL) &: 138.8, 137.3, 134.6, 125.1, 123.6; MS (EI), m/z (relative intensity): 162 (M', 100), 126
(20), 99 (10), 64 (30); HRMS (ESI-TOF) calcd. for CsH;CLN, [M+H]" 162.9824; found: 162.9824.

2-(Ethylamino)-3-pyridine carboxylic acid (8)

A stirred mixture of 2-chloronicotinic acid (2) (300 mg, 1.9 mmol), ethylamine (1.3 mL, 15.1
mmol) was heated at 120 °C in a sealed vessel for 4 hours. After cooling down the ethylamine was
removed and the residue was puriﬁed‘by silica gel column cflromatography (30% methanol/ethyl
acetate) to give 8 (315 mg, 99.7%) as a white solid, m.p. 178-180 °C; FTIR (KBr) vmu: 3474, 3228,
1636, 1557, 1341, 1239; '"H-NMR (DMSO-dg) 5: 8.20 (dd, J=4.8, 1.8, 1H), 8.04 (dd, J=7.7, 1.8 Hz,
1H), 6.50 (dd, J=7.6, 5.1, 1H), 4.1 (br s, 1H), 3.43 (g, /=6.9, 2H), 1.15 (t, J=6.9, 3H); "C-NMR
(DMSO-dg) 8: 169.3, 158.4, 153.0, 140.1, 110.8, 106.9, 35.1, 15.0; MS (EI), m/z (relative intensity):
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167 (M™+1, 20), 151 (60), 133 (100), 122 (30), 93 (50), 78 (96); HRMS (ESI-TOF) caled. for
CsH) 1 N20; [M+H]" 167.0815; found: 167.0812.

(.

N-(2,6-Dichloro-3-pyridinyl)-2-ethylamino-3-pyridinecarboxamide (4)

A stirred solution of 8 (315 mg, 1.9 mmol), in benzene (10 ml.) was treated with oxalyl chloride
(0.35 ml, 4.1 mmol} followed by a catalytic amount of DMF (2 drops) and the mixture was stirred at
room temperaiure for 1 hour. Then the solvent was removed under reduced pressure to afford acid
chloride 9 as yellow solid. This acid chloride was redissolved in 1,4-dioxane (10 ml) and added
dropwise to a solution of 6 (200 mg, 1.2 mmol) in 1,4-dioxane (3 mL), cyclohexane (2 mlL) and
pyridine (0.2 mL, 2.4 mmol). After stirring at room temperature for 16 hours, the resultant precipitate
was filtered. The solid was redissolved in CH;Cl; and washed with saturated aqueous NaHCOj;. The
organic layer was washed with water, dried (Na;SO4) and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (15% EtOAc/hexane) to yield 4 (308 mg,
80.7%) as a pale yellow solid, m.p. 119-120 °C; FTIR (KBr) vus: 3431, 3351, 1660, 1572, 1504,
1301, 1235, 1122, 770; '"H-NMR (CDCL) &: 8.77 (d, J=7.3, 1H), 8.33 (d, /4.4, 1H), 8.20 (s, 1H),
7.97 (br t, 1H), 7.74 (d, J=7.3, 1H), 7.34 (d, J=8.1, 1H), 6.60 (dd, J=7.3, 4.4, 1H), 3.61-3.48 (m, 2H),
1.29 (t, J=7.0, 3H); “C-NMR (CDCl;) 8: 166.4, 158.1, 153.4, 143.5, 138.7, 135.3, 131.2, 130.9, 123.6,
110.5, 108.0, 35.8, 14.7; MS (EI), m/z (relative intensity): 310 (M, 20), 275 (25), 149 (35), 131 (100),
119 (20); HRMS (ESI-TOF) caled. for C13H;3CLN,O [M+H]" 311.0461; found: 311.0464.

N-(2,6-Dichloro-3-pyridinyl)-5-bromo-2-ethylamino-3-pyridinecarboxamide (10) |

A solution of Bry (0.06 mL, 1.17 mmol} in acetic acid (1 mL) was added dropwise to a stirred
solution of 4 (355 mg, 1.14 mmol), and potassium acetate (134 mg, 1.36 mmol) in acetic acid (15 mL).
After 15 minutes, to the reaction mixture was added water and the precipitate was collected by suction
filtration and washed with water for several times to provide 10 (435 mg, 98.0%) as a yellow solid,
m.p. 193-194 °C; FTIR (KBr), vua: 3439, 3336, 1673, 1575, 1506, 1302, 1248,-787, 528; 'H-NMR
(CDCl3) &: 8.69 (d, ~8.8, 1H), 8.33 (d, /=2.2, 1H), 8.10 (br s, 1H), 7.89 (br t, 1H), 7.79 (d, /2.2,
1H), 7.30 (d, /=8.1, 1H), 3.58-3.44 (m, 2H), 1.27 (t, J=7.3, 3H); PC-NMR (CDCl,) 3: 165.4, 156.5,
154.2, 139.1, 137.4, 131.7, 130.7, 123.8, 109.6, 103.9, 36.1, 14.6; MS (EIl), m/z (relative intensity):
388 (M, 60), 373 (15), 353 (20), 227 (70), 209 (60); HRMS (ESI- TOF) caled. for C3HBrCLNO
IM+H]" 388.9566; found: 388.9579.

8-Bromo-2-chloro-5,11-dihydro-11-ethyl-6H-dipyrido{3,2-b:2°,3 "-e][1,4]diazepin-6-one (11)

A solution of 1€ (440 mg, 1.13 mmgl) in pyridine (10 ml.) was heated at 90°C under a nifrogen
atmosphere. Then the solution was added 0.6 M sodium bis(trimethylsilyl)amide in toluene (6.3 mL,
3.7 mmol) and the mixture was stirred at 90 °C for 15 minutes, After cooling down, the mixture was
poured into ice water and stirred for additional 2 hours. The precipitate was filtered and washed with
water to afford 11 (370 mg, 92.8%) as a yellow solid, m.p. 263-264 °C; FTIR (KXBr) vma: 3195, 3074,
2972, 1665, 1575, 1456, 1381, 1226, 687, 630; 'H-NMR (CDCL;) 6: 8.53 (br s, 1H), 8.49 (d, /2.2,
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1H), 8.24 (d, /=2.2, 1H), 7.27 (d, J=8.1, 1H), 7.06 (d, /=8.1, 1H), 4.81 (q, /=7.3, 2H), 1.25 (t, J=7.3,
3H); “C-NMR (DMSO-dg) 8: 165.4, 156.8, 151.8, 150.5, 143.0, 142.6, 133.3, 126.3, 122.2, 120.4,
113.6, 41.5, 13.4; MS (EI), m/z (relative intensity): 352 (M", 80), 337 (42), 324 (75), 309 (20); HRMS
(ESI-TOF) caled. for C;3H;BrCIN,O [M+H]" 352.9799; found: 352.9803. °~

2-Chloro-5,11-diliydro-11-ethyl-8-vinyl-6H-dipyridof3,2-b:2",3 ¢ ][ 1,4 ]diazepin-6-one (12)

A solution of 11 (500 mg, 14 mmol) in DMF (7 mL) was treated with
tetrakis(triphenylphosphine)palladium(0) (70 mg, 0.06 mmol) followed by viny! tributyitin (1 mlL,
3.42 mmol) and heated at 100 °C under nitrogen atmosphere for half an hour. After cooling down, the
reaction mixture was poured into water and extracted with ethyl acetate. The combined organic layers
were washed with 15% aqueous ammonia, brine and water, then dried (Na;SQ4) and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (30%
EtOAc/hexane) to provide 12 (318 mg, 74.6%) as a yellow solid, m.p. 201-202 °C; FTIR (KBr) via:
3195, 2965, 1665, 1585, 1455, 1383, 1239, 688; 'H-NMR (CDCLy) &: 9.37 (s, 1H), 8.46 (d, /=2.2, 1H),
820 (d, /=2.2, 1H), 7.35 (d, J=8.1, IH), 7.04 (d, /=8.1, 1H), 6.66 (dd, J=17.6, 11.0, 1H), 5.78 (d,
J=17.6, 1H), 5.35 (4, J~11.0, 1H), 4.22 (q, /7.3, 2H), 1.27 (t, /=7.3, 3H); “C-NMR (CDCl;) &:
168.8, 157.9, 151.9, 150.1, 145.1, 137.7, 131.9, 131.8, 128.8, 125.0, 119.7, 119.6, 115.8, 42.1, 13.7,
MS (ED), m/z (relative intensity): 300 (M, 100), 285 (35), 272 (92), 257 (35); HRMS (ESI-TOF)
caled. for CisHsCINGO [M+H]" 301,0851; found: 301.0855.

2-Chloro-5,11-dihydro-11-ethyl-8-formyl-6 H-dipyridof3,2-b:2",3"-¢ [ 1,4 ]diazepin -§-one (13)

A cooled (78 °C) solution of 12 (343 mg, 1.14 mmol) in 1:1 CHzCL-MeOH (20 mL) was treated
with O3 for 30 minutes. After the completion of reaction, the solution was purged with O, for 5
minutes. Then the reaction mixture was stirred with triphenylphosphine (598 mg, 2.28 mmol) for
additional 1 hour at room temperature. The solvent was removed under reduced pressure and the
residue was purified by silica gel column chromatography (30%EtOAc/hexane) to yield 13 (295 mg,
85.4%) as & yellow solid, m.p. 216-217 °C; FTIR (KBr) vma: 3203, 2939, 1702, 1674, 1596, 1456,
1354, 1231, 975, 692; 'H-NMR (CDCl;) 8: 10.02 (s, 1H), 9.53 (s, 1H), 8.60 (d, /=2.2, 1H), 8.64 (d,
J=22, 1H), 7.41 (d, J=8.1, 1H), 7.13 (d, J=8.1, 1H), 4.34 (q, /=7.0, 2H), 1.32 (t, J=7.0, 3H); "C-NMR
(CDCl;) d: 188.6, 168.1, 162.1, 153.8, 149.9, 145.3, 142.3, 132.3, 126.9, 125.0, 120.8, 118.8, 43.0,
13.7; MS (ED), m/z (relative intensity): 302 (M", 80), 287 (30), 274 (100), 260 (30), 245 (35) HRMS
(ESI-TOF) caled. for C)3H;2CIN,O; [M+H]" 303.0643; found: 303.0645.

2-Chloro-5,11-dihydro-11 -ethyI-S-hydrgxymethyf-lﬁﬂ-dtpymfo[ 3,2-b:2",3-e]{1,4]diazepin-6-one (14)

To a solution of 13 (228 mg, 0.75 mmol) in THF (12 mL) were added water (0.1 mL) and sodium
borohydride (28.5 mg, 0.75 mmol). The mixture was stirred for half an hour, then diluted with water.
THF was removed under reduced pressure and the precipitate was filtered and washed with water to
yield 14 (214 mg, 93%) as a white solid, m.p. 197-198 °C; FTIR (KBr) vux: 3319, 3191, 2959, 1666,
1590, 1456, 1390, 1232, 1041; "H-NMR (acetone-dg) &: 9.50 (br s, 1H), 8.46 (d, /=2.2, 1H), 8.11 (d,
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J=22, 1H), 7.60 (d, J=8.1, 1H), 7.18 (d, J=8.1, 1H), 4.65 (d, J=5.13, 2H), 4.56 (1, /=5.86, 1H), 4.15 (q,
J=7.3, 2H), 1.21 (t, J=7.3, 3H); PC-NMR (acetone-d) 5: 167.8, 158.7, 152.7, 151.0, 144.5, 140.3,
134.1, 133.4, 127.3, 121.2, 120.5, 61.5, 42.4, 14.0; MS (EI), m/z (relative intensity): 304 (M, 69), 289
(39), 276 (100), 261 (29), 247 (20), 164 (31); HRMS (ESE-TOF) caled. for C1H 4CIN4O, [M+H]"
305.0800; found: 305.0805.

2-Chloro-3,11-dihydro-11-ethyl-8-chloromethyl-6 H-dipyrido[3,2-b:2°,3 -e][1,4 ]diazepin-6-one (15)

A suspenston of 14 (177 mg, 0.58 mmol) in CHyCl, (100 mL) was treated with thionyl chloride
(0.3 mL) followed by triethylamine (1 mL). The reaction mixture was stirred at room temperature for 1
hour and a clear solution was obtained. Then, saturated aqueous NaHCQ; was added and the mixture
was extracted with CH,Cly. The organic layer was washed with water, then dried (Na;SQ,) and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(20%EtOAc/hexane) 1o give 15 (163 mg, 87%) as a pale yellow solid, m.p. 226-227 °C; FTIR (KBr)
Vmex: 3195, 2969, 1671, 1588, 1455, 1382, 1247, 699; 'H-NMR (CDCl;) 8: 9.15 (br s,.1H), 8.47 (d,
J=2.9, 1H), 8.19 (d, /=2.9, 1H), 7.34 (d, J=8.1, 1H), 7.06 (d, /8.1, 1H), 4.58 (s, 2H), 4.23 (q, J=7.3,
2H), 1.27 (t, J=7.3, 3H); *C-NMR (CDCl;) 5: 168.3, 158.7, 151.7, 151.5, 145.2, 141.4, 131.9, 128.3,
125.0, 119.9, 119.6, 42.3, 42.2, 13.7; MS (EI), m/z (relative intensity): 322 (M", 54), 307 (31), 294
(62), 287 (37), 259 (100), 244 (28), 231 (21); HRMS (ESI-TOF) calcd. for C4H;3CLNO [M+H]"
323.0461; found: 323,0470.

2-Chloro-3,11-dihydro-11-ethyl-8-(phenyithio)-methyl-6 H-dipyride[3,2-b:2°,3 -e ][ 1 ¢ ]diazepin-G-one
(T1)

A solution of thiophenol (0.1 ml, 0.97 mmol) in DMF (2 mL) was treated with 60% sodium
hydride (65 mg, 1.6 mmol) under a N, atmosphere. After 10 minutes, a solution of 15 (100 mg, 0.31
mmol) in DMF (3 ml) was added and the mixture was stirred at room temperature for 1 hour. The
reaction was quenched by addition of water and the mixture was extracted with EtOAc. The organic
layer was Washed with-water, then dried (Na;S80,) and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (20%EtOAc/hexane) to give Tk (85.5 mg,
70%) as a yellow solid, m.p. 188.5-189.5 °C; FTIR (KBr) vma: 3182, 2965, 1665, 1585, 1455, 1383,
1239, 739, 688; 'H-NMR (CDCl) &: 9.33 (s, 1H), 8.29 (d, J=2.2, 1H), 8.09 (d, /=2.2, 1H), 7.34-7.20
(m, 6H), 7.04 (d, J=8.1, 1H), 4.18 (q, J=7.3, 2H), 4.05 (s, 2H), 1.23 (1, /=7.3, 3H); >C-NMR (CDCl3)
5: 168.6, 157.8, 151.8, 145.1, 141.2, 134.9, 131.8, 130.6(2C), 129.1(2C), 128.6, 127.0(2C), 125.1,
119.7, 119.6, 42.0, 35.6, 13.6; MS (EI), m/z (relative intensity): 396 (M, 7), 287 (100), 259 (52), 231
(14); HRMS (ESI-TOF) calcd. for ConlsClN‘;OS (M+HT 397.0884; found: 397.0894

2-Chloro-3,11-dihydro-11-ethyl-8-(3-methoxyphenylthio)-methyl-6 H-dipyrido{3,2-b:2",3 -e][1,4]
diazepin-6-one (T2)

A solution of 3-methoxythiophenol (0.14 ml, 1.14 mmol) in DMF (2 ml) was treated with 60%
sodium hydride (76 mg, 1.88 mmol) under a N, atmosphere. After 10 minutes, a solution of 15 (122
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mg, 0.38 mmol) in DMF (3 mL) was added and the mixture was stirred at room temperature for 1
hour. The reaction was quenched by addition of water and the mixture was extracted with EtOAc. The
organic layer was washed with water, then dried (Na,SQ,) and concentrated under reduced pressure.
The residue was recrystallized from hexane/EtQAc to afford T2 (140 mg, 87%) as yellow crystals,
m.p. 188-189°C; FTIR (KBr) vma: 3181, 2965, 1662, 1589, 1458, 1385, 1229, 1044, 767, 693; 'H-
NMR (CDCl3) 8: 9.56 (br s, 1H), 8.30 (d, /~2.2, 1H), 8.08 (d, /2.2, 1H), 7.33 (d, /~8.1, 1H), 7.18 (t,
J=8.1, 1H), 7.04 (d, J=8.1, 1H), 6.90-6.72 (m, 3H), 4.06 (s, 2H), 3.73 (s, 3H), 1.23 (t, /~7.3, 3H); “*C-
NMR (CDCls) &: 168.8, 159.9, 157.9, 151.8(2C), 145.1, 141.2, 136.2, 131.8, 129.9, 128.6, 125.2,
122.6, 119.7, 119.6, 115.8, 112.9, 55.3, 42.1, 35.4, 13.6; MS (EI), m/z (relative intensity): 426 (M", 6),
287 (100), 259 (57), 231 (15); HRMS (ESI-TOF) caled. for C;HaCIN,O,S [M+H]" 427.0950; found:
427.0988.

Biological methods: Materials

DAS5 (HIV-1 subtype E) cells were obtained from HIV-1 infected pregnant women. These viruses
were X4 strain with the syncytium-inducing (SI) formation property, causing morphological changes
(cytopathic effect) in infected cells. White blood cells: peripheral blood mononuclear cells were
obtained from blood donors and used for HIV virus isolation. H9 T-lymphoblastoid cell line obtained
from Medical Research Centre, UK, was used to prepare the viral stock. C8166 T-lymphoblastoid cell
line was used to test the activities of bioactive compounds in all experiments. Bioactive compounds
were dissolved in 70-95% DMSO. Three anti-retroviral drugs {reverse transcriptase inhibitors)
manufactured by the Government Pharmaceutical Organization (GPO), including ANTIVIR (100 mg
AZT), GPO-vir {containing 200 mg nevirapine, 150 mg lamivudine, and 30 mg stavudine), and
NERAVIR (200 mg nevirapine), were used as controls in all experiments. All experiments were
performed in duplicate.

Toxicity of bioactive compounds, anti-retroviral drugs, and DMSO against white blood cell culture.
The soltutions of the bioactive compounds and anti-retroviral drugs (diluted to 10, 1, ar‘ld 0.1 ug/mlL
in the culture medium), as well as DMSQO (diluted to 1%, 0.1%, and 0.01%), were dispensed into tissue
culture plates in duplicates. C8166 cells were then added into each well and examined everyday for 7
days. Moreover, the cells were counted, stained with 1% tryphan blue in order to examine for cell
viability under the microscope on day 0, day 4, and day 7, and compared with drug-free control cells.

Virustatic and virucidal tests

The viruses were used at 100 T’C[Dso (50% tissue cell infectivity dose) level, which was
determined by diluting the viruses in quadruplicates, and the potency of the viruses was calculated
using Karber equation. Additionally, the following controls were used in all experiments: control
viruses diluted to 100, 10, and 1 TCIDsy in order to verify that the viruses used in all experiments were
at 100 TCIDsg level. C8166 control cells were used for cell examination throughout the experiments.
Bioactive control was used to investigate the effect of the compounds on the cells. DMSO control was
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used to evaluate the effect of DMSO on virus proliferation in the cells. Anti-retroviral drug controls
(AZT, GPO-vir, and Nevirapine) were used to investigate the effect of the drugs on the cells.

-

Virustatic test

C8166 cells were incubated with the solutions of bioactive compounds for 30 minutes. The viruses
were then added into each well at 100 TCIDsq level, and the samples were further incubated for 3
bours. After that, the cells were washed 4 times, and maintained for 7 days. The culture medium was
changed on day 3, and the cells were examined for cytopathic effect on days 4 and 7. Additionally, the
level of the p24 antigen in the culture medium was determined on day 7 using commercially-available
ELISA kits in order to determine the ECso, which was the concentration of each bioactive compound
that inhibited the viruses by 50%.

Virucidal test

The viruses at 100 TCIDS0 level were incubated with the solutions of bioactive compounds for 1
hour. C8166 cells were then added to each well, and the samples were further incubated for 1 hour.
After that, the cells were washed 4 times, and maintained for 7 days. The culture medium was changed
on day 3, and the cells were examined for cytopathic effect on days 4 and 7. Additionally, the level of
the p24 antigen in the culture medium was also determined on day 7 using commercially-available
ELISA kits.
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The conformational apalysis of HIV-1 Reverse Transcriptase Inhibitor, nevirapine, 11-
cyclopropyl-5,-11dibydro-4-methyl-6H-dipyrido]3,2-b2’,3"-¢|(1 4]diazepin-6-one, was in-
vestigated using ab initio and density functional theory calculations. The fully optimized
siructures and rotationa! potential energies of the nitrogen and carbon bongs in the
cyclopropyl ring (C15-N11-C17-C19, &) were examined in detail. Geometries obtained
from all applied calcolations show similarities to the complex structure with HIV-1
reverse transcriptase. To obtain more information on the structure, conformational min-
ima of nevirapine, optimized at the BALYP/6-31G** level, were calculated for the !B,
130, and ®N-NMR chemical shifts at the BALYP/6-311++G** level using the GIAQ
approach in DMSO and chloreform IEFPCM solvation models. The calculated 'H,
1I3C_NMR chemical shifts agree well with the experimental data, which indicates that
the geometry of nevirapine in solution is similar to that of the molecule in the inhibiticn
complex. Solvation free energies {AG,,) of nevirapine in DMSO and chloroform were
also obtained. -

‘Keywords: Nevirapine; NMR; IR; quantum chemical calculations; GIAQ; IEFPCM.

1. Introduction

HIV-1 reverse transcriptese (RT) continues to be 2 major target for anti-AIDS
chemotherapies and has been since the early design of pharmaceutical compounds
against HIV. Two groups of RT inhibitors have been extensively investigated:
nucleoside-analog inhibitors (NRTTs) and non-nucleoside RT inhibitors (NNRTIs).
NNRTIs are chemically diverse, generally hydrophobic, and relatively non-cytotoxic
compounds. Generally, they have a butterfty-like shape and bind strongly into a
pocket of HIV-1 RT. The crystal structures of HIV-1 RT itself and complexes with
some different NNRTIs have been published.!™™® NNRTIs such as nevirapine,!!
HEPT,'? and TIBO,!? which are pharmacologically active, have been studied. The
information of a single preferred conformation of a drug molecule in solution to the
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Fig. 1. Chemical structure of nevirapine and its atomic aumbering,

conformational requirements of the binding site in the inhibition complex is impor-
tant. It appears that the majority of HIV-1 RT inhibitors that act on the binding
site show a pronounced dependence for their action on seemingly major changes
in their molecular conformation.!* The role of the molecular structures of NNRTIs
on HIV-1 inhibition and conformational analyses of the potent NNRTTs have been
previously studied.!%1% Nevirapine (Fig. 1), an NNRTI which has already passed
preclinical and clinical tests and is available on the market,!? shows a rotation
of the cyclopropyl ring around the carbon nitrogen single bond (N11-C17} that
determines the conformational space of nevirapine. It is found that alpha angle of
cyclopropyl ring (C15-N11-C17-C19, a) plays an important role in determining the
structure of nevirapine, where only a limited flexibility of the ring system exists.'®
As NMR spectroscopy is a useful technique to investigate conformations of com-
pounds because it can be used to characterize the conformation assumed by the
molecule in solution that could be different in respect to the conformation assumed
in the solid form, several approaches to overcome the so-called gauge-origin prob-
lem have been developed, such as GIAQO (gauge including atomic orbitals),'® IGLO
(individusal gauge for localized orbitals),?® and LORG (localized orbitals-localized
origin).?! Sometimes the interpretation of experimental NMR spectra may be dif-
ficult, especially in assigning the correct conformation assumed by the molecute in
analysis. The use of computational techniques can help interpret ambiguous experi-
mental NMR spectra. As experimental NMR spectra are most commonly measured
from condensed-phase samples (solutions or powders) at ambient temperature, the
self-consistent reaction field (SCRF)?? method, using integral equation formalism
polarized continuum model (IEFPCM),2%24 which solves the electrostatic solva-
tion problem at the QM level with the aid of apparent surface charges (ASC), was
expected to improve the calculated NMR. chemical shifts in solution.

In the present stufly, conformational analysis has been performed to investigate
the role of the nevirapine, 11-cyclopropyl-5,-11dikydro-4-methyt-6H-dipyridoj3,2-
b2',3'-¢|[1,4|diazepin-6-one, structure. The nevirapine structure and the atomic
‘numbering used in this study are shown in Figs. 1 and 2. Furthermore, the 'H,
3¢, and N-NMR chemical shifts in DMSO and chloroform solvation models of
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(a) {b)

Fig. 2. (a) Three-dimensional structure of nevirapine and (b) butterfiy-like-shape of nevirapine.

structural energy minira were calculated at the B3LYP/6-311++G**//B3LYP/6-
31G** level and compared to the experimental data in order to conceptualize
the structure of the molecule in solutions. The solvation free energies (AGgy ) of
nevirapine in DMSQO and chloroform were also studied. The information of the
three-dimensional structures of rnevirapine based on this theoretical study will be
useful in structure activity relationship studies and the design of new potent NNR-
TIs compounds.

2. Methods

2.1. Ezperimental

Nevirapine was extracted from Viramune® and recrystallized from CH,Cly. *H-
NMR spectra were recorded in deuterated dimethyl-d6 sulfoxide {DMSQO-d6) and
CDClz with a Varian INOVA 400 spectrometer operating at 300 K. The typical
spectral conditions used were a spectral width of 6387.7Hz and 16-64 scans per
spectrum. Digital resolution was 0.195 Hz per point. Deuterium from the solvent-was
used &s the lock signal and TMS as the internal standard. Nevirapine concentration
was 10-20mg mi~!.

13C proton decoupled spectra were recorded with the same spectrometer, also
in DMSQ-df and CDCIl;. The spectral conditions used were a spectral. width
of 25157.2Hz and 256025, 600 scans per spectrum. The concentration was 20-
30mgmi~?!, and the digital resolution was 0.7677 Hz per point.

2.2. Methods of calculations

Tbe starting geometry of nevirapine was obtained from X-ray crystallographic data
at 2.2 A resolution of tfe enzyme—inhibitor compléx structure (ivrt).25 First, the
conformational apalysis of nevirapine was determined in the gas phase with a step-
size of 10° of rotational bond between the nitrogen atom of the tricyclic system and
the carbon atom of the cyclopropyl group (C15-N11-C17-C19, a) by keeping the
a angle constant. based on ab initic at HF/3-21G and HF/6-31G level, and DEFT
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at the B3LYP/6-31G** level. Second, full geometrical optimization was performed
by all the methods of calenlations and all possible alpha conformations were fully
optimized at the B3LYP/6-31G** level. Theoretical calculations were compared to
the experimental geometry, in particular to X-ray diffraction data of the reverse
transcriptase and nevirapine complex, as available from the PDB {lvrt).

The H, 13C, and *N chemical shielding constants, and ¢(*H;), ¢ (}3C;), and
o (1N;) in DMSO and chioroform were calculated by the GIAQ method at the
B3LYP/6-311++G** level of theory utilizing the SCRF method with [EFPCM
on the structure optimized at the B3LYP/6-31G** level. The'H. and '3C chemi-
cal shifts 5(*H;) and §(*3C;) are referred to the usual standard tetramethylsilane
(TMS) and the N chemical shifts §{*N;)} are referred to nitromethane through
the relation

6(1Hi) = U(IH)TMS - 0(1Hi)Nevirapme; . (1)
6(*C) = o(BC)ms — o (**C)Nevirapine. (2)
5(15M) = U(wN)nitmmethane - U(LSM)Nevlrapine- (3)

To give accurate chemical shifts, the isotropic shielding constant of hydrogen
and carbon in TMS, o(*H)rms and o(*C)rus, and the isotropic shielding con-
stant of nitrogen in nitromethane g{*° N)nitromethane Were calculated at the same
computation level of the nevirapine compound. In addition, solvation energies of
nevirapine were calculated on the optimized geometries. For the IEFPCM model,
the solvent is assumed to be a continuous medium with a dielectric constant € that
surrounds a cavity, adjusted to fit the shape of the solute molecule to afford more
accurate solvation energies. The dielectric constants for DMSQ (¢ = 46.7} and chlo-
roform (& = 4.9) were used in the calculations. The calculated 'H and B¥C-NMR
chemical shifts were compared to experimental data. These calculations were done
using Gaussian03% on a 2.53 GHz Pentium IV PC running on Redhat Linux 9.

3. Results and Discussion

The determination of conformational minima of nevirapine where the dihedral
angles determine the position of the cyciopropyl ring {C15-N11-C17-C19, &) was
analyzed by using HF /3-21G, HF/6-31G, and B3LYP/6-31G** methods as shown
in Fig. 3. From the results, it can be seen that all the methads of calculations
lead to the same conformationsl minicaum where the dihedral angle a is equal to
220°. Moreover, at a angles around 100° and 340°, two other energy minima can
be observed, with not too high energy barriers between them {2-3 kcal/mol).

The conformation of nevirapine was fully optimized from the X-ray crystallo-
graphic starting geometry, based on different methoeds, and also the three conforma-
tional minima at a = 100°, 220°, and 340° from tHe conformation analysis were fully
optimized at the BILYP/6-31G** level. The obtained structural parameters with
the lowest energy conformation calculated were compared with X-ray diffraction
data of nevirapine complex with RT and are presented in Table 1.
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Fig. 3. Rotational potential (keal/mol) of dihedral angle a obtained {rom the HF/3-21G level, the
HF/6-21G level, and the B3LYP/6-31G** level of calculations.

This indicates that all counsidered methods provide good results for the tor-
sional angles of the fully optimization of the starting geometry cobtained from
X-ray crystailographic data.?"?® For the full optimization of the starting geome-
tries of each conformational minima of nevirapine at o = 100°, 220°, and 340°
at the B3LYP/6-31G** level, it shows that the energy minimum at ¢ = 217.4°
(agxpr. = 208.5°) from the a = 220° starting geometry gives the smallest standard
deviation (7.7), and it gives the same optimum structure of the full optimization
at the BALYP/6-31G** level. Superimposition of the geometry optimization at the
B3LYP/6-31G** level on the crystal structure of nevirapine in the complex shows
good agreement (root mean square deviation of 0.08), From these results, it can
be seen that the dihedral angle & is restricted to the one minimum at o = 217.4°.
Cousidering the position of the energy minimurm at o« = 217.4° in more detail and
by comparing to the experimental values obtained by X-ray investigdtion, it shows
that the calculated values are nearly the same as the experimental ones. This can
he seen to suggest that the conformation of nevirapine in the inhibition complex is
rather close to its energy minimum conformation.

To test the correlation between the conformational analysis results and struc-
tures in solution, the NMR shifts of nevirapine in solution were caiculated. The
'H and ¥C-NMR chemical shifts of the three conformational minima were calcu-
lated using DMSO and chloroform solvation models and compared to experimen-
tal results. Comparison between our experimental data to the previously reported
experimental 'H-NMR chemical shifts for nevirapine in DMS0?® and "*C-NMR
chemical shifts in CDGI3? showed standard deviations of about 0.01 and 0.02 for
the 'H and '3C-NMR chernical shifts, respectively.

The NMR calculations typically benefit from an accurate geometry and a large
basis set such as at the 6-3114++G** level of the theory. Moreover, for the large
basis sets, errors for 'H chemical shifts could be consistently less than 1ppm aad
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Table 2. Comparison of experirnental and calculated 'H-NMR chemical shifts (ppm) at differ-
ent o angles (degree) of the cyclopropyl ring {C15-N11-C17-C19) calculated at the B3LYF/6-
31144+G**//BILYP/6-31G** level with DMSO and chloroform IEFPCM solvation models.

Chernical Shifts § (ppm) in DMSQO Chemical Shifts 4 {ppm) in Chloroform

TH-NMR Expt. ¢=101.8 o=21T4 a=3343 Expt. a=1018 a=2174 a=3343
21H 8.06 8.40 8.59 8.39 8.16 8.33 8.53 B.54
22H 7.04 7.52 7.56 7.42 6.94 7.36 7.40 7.25
24H 8.00 8.67 8.63 8.55 8.11 8.62 8.58 8.50
25H 7.17 7.43 . 7.51 7.46 7.07 7.29 7.36 7.31
26H 8.50 5.98 8.98 8.79 8.54 891 8.90 8.70
27TH 2.32 2.43 2.36 2.43 2.41 2.38 2.30 2.37
28H 2.32 2.26 2.27 2.29 2.41 2.91 2.22 2.24
29H 2.32 2.41 2.33 2.43 2.41 242 2.33 2.43
30H 361 3.41 3.80 3.26 3.77 3.35 3.84 3.18
31H 0.33 1.96 0.46 1.74 0.50 2.01 0.42 L75
32H 0.86 0.83 0.98 0.48 1.00 0.82 0.95 0.43
33H 0.86 0.50 1.02 0.77 1.00 0.46 1.00 0.75
34H 0.33 1.42 0.48 2.11 0.50 1.41 0.46 2.16
spe 0.65 0.34 0.73 0.60 0.27 0.68

2Standard deviation (SD} = [{Xcal. — XExpe.)2/n — 1{1/2,

Table 3. Comparison of experimental and calculated '*C-NMR chemiczl shifts (ppm) at differ-
ent ¢ angles (degree) of the cyclopropy! ring {C15-N11-C17-C19) calculated at the B3LYP/6-
311-+4+G**//B3LYP/6-31G** level with DMSO and chloroform IEFPCM solvation models.

Chemical Skifts § (ppm} in DMSO Chemical Shifts ¢ {ppm) in Chiloroform
BO.NMR Expt. o =101.8 a¢=2174 a=3343 Expt. a=101.8 o=2174 o=3343

2C 14073 15177 152.22 15362 140.36 151.26  151.87  153.23
3C 12081 12920 128.80  129.06 120.22 12855  128.04  128.30
4C 14001 148.05  146.99  146.87 139.47 14693 14571  145.58
8C  167.02 17808 17674  177.11 168.85 177.25 17596  176.28
7C 14350  149.99  149.39  149.37 14431 14963 14869  149.07
8C 11935 12403  124.88 12492 11897 123.41 124.21 12428
9C 15133 16173  161.83 16088 152.10 16111 16122  160.16
12C 15420 159.12 16227 16241 153.95 159.15  162.24  162.M
13C 12492 135.69 13513  134.67 124.90 13547 13476  134.31
14C 12227 12581 12681 12818 122.08 12554 12653  128.02
13C  159.99 170.54  169.83  167.91 16055 170.23  169.58  167.71

16C 17.57 19.80 19.73 20.02 17.80 19.78 18.70 19.99
17C 29.29 42.65 35.64 43.27 29.61 42,72 35.59 43.40
18C 8.52 1.47 13.24 8.97 8.82 1.50 13.26 9.07
19C B.75 9.75 12.57 0.80 2.11 9.83 12.60 0.90
sp= 8.65 7.93 8.71 8.10 6.43 8.22

*Standard deviation (SD) = [F{Xcuw. — Xexpe )2/n — 1112

sometimes less than 0.0 ppm 31 Therefore, in this study, the chemical shifts were
calculated at the B3LYP/6-311++G** level using the SCRF-IEFPCM solvation
model and used the corresponding at the BILYP/6-31G** level for optimizing the
structure. The comparison of chemical shifts between experimental and calculated
'H and '3C-NMR chemical shifts are presented in Tables 2 and 3.
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As expected, it was found that the optimum geometry at @ = 217.4° shows an
excellent agreement between calculated 'H chemical shifts and experimental data,
except the 'H chemical shift of the 23H atom attached to the nitrogen atom of
the seven membered ring, which was not observed in the measured NMR spectra.
Because this proton is an acidic proton, hydrogen bonding strongly influences the
electronic environment of this proton in solution, and hence, it is difficult to observe
the chemical shift of this proton. The 30H, 31H, 32H, 33H, and 34H calculated
chemical shifts that are influenced by the rotation arournd the alpha angle, are
completely different at @ = 101.8° and a = 334.3°, but similar at a = 217.4°, to
the experimental data. The same with the 17C, 18C, and 19C calculated chernical
shifts, in that they are similar to the experimental data only at o = 217.4°. It
can be seen that the chemical shifts of cyclopropyl rings are very sensitive to the
rotation around the alpha angle. Plots of the *H- and Y C-NMR chernical shifts in
DMSO and chloroform as calculated against experimental data are shown in Fig. 4.
With o = 217.4°, correlation coefficients are R? = 0.991 for 1H-NMR in chloroform,
and R? = 0.999 for 'H-NMR in DMSO and '*C-NMR in both solvents. This shows
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Fig. 4. Correlation plots between calcutated and experimental chemical shifts (ppm) for a = 1018
(M1), & = 217.4 (M2), snd o = 334.3 (M3): {2) *H-NMR chemical shifts in DMSO, (b) *H-NMR
chemical shifts in chioroferm, (c) '*C-NMR chemical shifts in DMSQ, and (d) *C-NMR chemical
shifts in chioroform.
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Fig. 5. Correlation plots between caiculated and experimental cherical shifts of 30H, 31H, 32H,
33H, 34H, 17C, 18C, and 19C for o = 101.8 (M1}, o = 217.4 (M2}, and & = 334.3 (M3): (a}
lH-NMR chemical shifts in DMSQ, (b) 'H-NMR chemical shifis in chloroform, (¢} 3C-NMR
chemical shifts in DMSO, and (d) 13C-NMR chemical shifts in chloroform.

good agreement and the presence of a conformation of nevirapine in DMSO and
chloroform solutions consistent with the optimized geometry at a dihedral angle o
of about 217.4°.

To investigate in more detail, the plots between calculated and experimental
chemical shifts of protons and carbons located in the cyclopropyl ring 30H, 31H,
32H, 33H, 34H, 17C, 18C, and 19C at different alpha angles in DMSQ and chlo-
roform were considered. From the plots in Fig. 5, it is obviously seen that the
rotation around alpha angle effects the shifts of atoms in the cyclopropyl ring, and
it shows the best agreement between calculated and experimental chemical shifts
at o = 217.4°, o .

The calculated free energy changes of solvation of nevirapine at all three alpha
conformations are shown in Table 4. The solvation free energy {AGsq) is defined
as the free energy change to transfer a molecule from gas to solvent. The AG,, can
be considered to have three components: AGelee, AGeav, and AG s and AG ep;
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Table 4. Calculated energies of nevirapine at the B3LYP/6-311++G** B3LYP/6-31G** level in
the gas phase and solution.®

Nevirapine A frEssphase A Eiefpem AGe® AG gjee AG v AG gis AGrep

DMSQ, € = 46.7

o = 101.8° 5.53 6.13 -1.18 ~11.44 3292 —24.12 146
a = 217.4° 0 0 -1.77 ~12.25 33.07 ~94.07 1.49
o = 334.3° 6.03 6.21 -1.5¢ —il.85 32.04 —24.14 1.46
CDClg, € = 4.9

a = 101.8° 5.53 5.85 ~0.13 —-8.07 24.77 ~17.79 0.9%
a = 2174° ] 0 -0.44 —8.55 2488  —17.74 0.97
o = 334.3° 6.03 6.11 -0.37 —8.31 24.79 —17.80 0.95

2Energies (E) and all free energy changes (AG) are in keal/mol.
Ao = Ao + AGcav + AGaiy + AGrep.

Table 5. '*N-NMR chemical shifts (ppm) at different a angles {degree) of the cyclopropyl ring
(C15-N11-C17-C19) calcutated at the BILYP/6-311++G**//B3LYP/6-31G** level with DMSO
and chloroform IEFPCM solvation moedels.

Chemical Shifts & (ppm) in DMSO Chemical Shifts § {ppm) in Chloroform

BNNMR o£=101.8 &a=2174 a=333 o=101.8 a=2174 a =334.3
IN —09.75 —-108.52 ~105.25 —100.92 —101.67 ~98.82
5N —270.50 -272.70 —272.32 -274.68 ~-271.04 , ~270.66
10N ~108.18 —107.65 —104.27 —165.78 ~101.82 —100.13
11N —201.61 —280.78 ~207.45 —204.38 —277.47 —204.09

where AGa,.. stands for the electrostatic component, AGcay is the free energy
required to form the solute cavity within the solvent, AGg; and AG,., are the
dispersion and repulsior contribution (van der Wasls interaction between the solute
and the solvent}.?! It is shown that the different alpha conformationsl angles present
different energies in gas phase and in solution models. The range of AE of nevirapine
in gas phase is between 5.53 and 6.03 kcal/mol and the range of AE of nevirapine
in DMSQ and chloroform IEFPCM models are 6.13-6.21 and 5.85~6.11-keal/wmol,
respectively. As expected, different alpha angles show different AG,,, values. It can
be concluded that the rotational alpha angle influences the solvation energies of
nevirapine in DMSQO and chloroform.

As 1SN-NMR chemical shifts are very sensitive to environmental changes, consid-
ering the 1"N-NMR chemical shifts of nevirapine at all three conformational angles
was of great interest. The prediction of the ’N-NMR. chemical shifts is shown in
Table 5. The results indicate that 1N, 10N, and 11N were affected by the rotational
angle. This is especia,lly so for 11N, which forms the single bond to carbon (N11-
C17), which rotates, and shows completely different chemical shifts at the three
different alpha angles. The ranges of 11N chemical shifts are —280.78 to —297.45
ppm in DMSC and -277.47 to —294.38 ppm in chloroform solutions. In contrast,
5N, being distant from the cyclopropyl ring, has chemical shifts that do not seem
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to be much affected. As there are no 3N-NMR experimental data available, due
to its sensitivity and instrurnentation limitations, calculating '*N-NMR chemical
shifts of nevirapine is a convenient choice for predicting and studying *N-NMR
chemical shifis.

4. Conclusions

The conformational analysis of nevirapine was performed based on quantum chem-
ical calculations, ab initio, and density functional theory methods. The optimized
local minima structure at the B3LYP/6-31G** level, regarding the energetic struc-
ture, indicates that the dihedral angle o = 217.4°. The 'H- and 13C-NMR chemical
shift calculations of nevirapine in DMSQ and chloroform solutions agree well with
the experimental results and show an zlmost identical structure to the geometry
of the molecule in the complex with HIV-1 RT. The predicted ®*N-NMR chemical
shifts of nevirapine in DMSO and chloroform are presented. The chemical shifts of
atoms in the cyclopropyl ring and IN, 10N, and 11N are affected by the rotation
of the alpha conformational angle. Solvation free energies (AGgn) of nevirapine in
DMSO and chloroform show the different values due to the different of alpha angles.
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