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Abstract: Cycloaddition of variously substituted 2(1H)-pyrazinones with ethene and subsequent hydrolysis of the
adducts 2 provides a general and efficient route to the title compounds 3 Compound 3m was used as a bullding block
for a structural analogue of gliotoxin

The easily accessiblel:2 2(1H)-pyrazinones 1 react with acetylemic compounds to form, upon
cycloreversion of the imtial adducts, pynidones and/or pyndimnes 2 The reactivity of the azadiene system 1
towards ethene* and the cycloaddition of cyclopentene to a S-ethoxy substituted pyrazinone® has been
reported Now we describe 1n more detail the reactions of ethene with variably substituted systems 1
Interest 1n the cycloadducts 2 formed 1n this reaction centers around their converston, via hydrolysis of the
iminochlonide function, nto vanously substituted 2,5-diazabicyclo[2 2 2]octane-3,6-diones 3 These
compounds are useful among others 1n peptide conformation mimetics 6

Compounds containing the 2,5-drazabicyclo[2 2 2]octane-3,6-dione skeleton were 1solated by trapping
pyrazine-2,5-dione mesomeric betaines’ or by reacting 2,5-dihydroxy-1,4-diazines® with some olefins
Available synthetic methods for 2,5-diazabicyclo[2 2 2]octane-3,6-diones 3, starting from o,o'-diamino
adipates, 310 Jack versatility in varying the substitution pattern on the nitrogen atoms or 1n the bridgehead
positions 1 and 4 A hthiation-alkylation technique has been developed, aiming at the introduction of alkyl
groups on the bridgehead positions of a symmetrically N,N'-disubstituted dione ! Dione § was obtained as
a side product 1n the conversion of the epoxide 4 with NH3 12

In order to examine the scope of the cycloaddiion with ethene, various 3-X-substituents were
introduced nto the pyrazinone system, in addition to the R! and RS groups determined by the choice of the
starting amine and aldehyde Dasplacement of the 3-chloro substituent wath thiocyanate proceeded 1n the way
described for cyamde and methoxide 3> The 3-methyl substituted compound 1 was obtained indirectly
through substitution with methylenetriphenylphosphonium yhde and subsequent hydrolysis  Gngnard
reactions with PhMgBr and -BuMgBr afforded compounds 1k,l

The cycloaddition reaction of compounds 1a-m with ethene (25 atm) 1n toluene at 110°C 1s quite
general  The presence of unmodified adducts 2 (X = Cl, CN, SCN) was demonstrated by immediate
spectral analysis of the Diels-Alder reaction mixture The sensitivity to air moisture observed for adducts 2
(X = aryl or alkyl) prevented their identificaion From the approximate reaction time needed for
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TABLE 1. Reaction conditions and yields of compounds 3 obtained after hydrolysis (NaOH in aqueous
dioxane) of adducts 2 from 2(1 H)-pyrazinones and ethene (25 atm.) in toluene at 110°C.

pyraz reaction ime®  yield 3 pyraz. reaction ime®  yield 3
h % h %

la 16 86 1h 12 82
1b 16 77 It 24 73®)
Ic 18 76 1 240 580
1d 48 64 1k 24 83®
le 48 80 11 40 64®)
if 48 72 Im 16 82
1g 48 68

(a)" approximate values corresponding to complete disappearance of the starting pyrazinone on TLC
(b) mmmediate hydrolysis due to air moisture
(c) incomplete reaction, ethene pressure 40 atm
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complete disappearance of compounds 1a-m (tabie 1) 1t can be deduced that the cycloaddition proceeds more
casily when X 1s an electron withdrawing group Reaction of 1j (X = OCH3) required a high ethene
pressure and a prolonged reaction time (more than 10 days), whereas for 1h addition was complete within 12
hours The results obtained for 1d-g also show a reduced reaction rate for substituents R® different from H
Moreover, the 5-chloro substituent of 1 appears to be essential for the cycloaddition of ethene to the 2(1H)-
pyrazinone system no reaction was observed for compounds 1n,0

P
NN n: X =0

> 1o x-CH3
H SN Sx

Hydrolysis of the iminochlonde group of the crude adducts 2 with aqueous NaOH and chromatographic
punification afforded the crystalline bislactams 3 1n good yields (table 1)

The structures of compounds 3 were secured by spectral data. Their proton NMR-spectra show a
complex coupling pattern 1n the region between 3 5 and 2 ppm (in CDCl3), due to the presence of two
mutually coupled pairs of diastereotopic protons on the bridge An even more complex pattern 1s observed
for compounds 3a-c and 3h-m having an extra proton in the bridgehead position This 1s well 1llustrated by
the 'H-NMR data of compound 3a listed 1n table 2 Assignment of the signals to protons H-8 or H-8' and
H-7 or H-7' 1s based on their charactenstic coupling pattern and J values 13
The two carbonyl groups for these compounds are observed in the '3C-NMR spectrum as two low field
absorptions at about 6 169 for CONH and 6 166 for CONR The intense IR-absorption band around 1700
cm™! and important fragment 10ns corresponding to (M - CONH]* and [M - CONR]™ 1n the electron-impact
mass spectra also confirm the presence of the lactam functions

TABLE 2. Proton-NMR spectrum of compound 3a (in DMSO-dg)

98 brs 1H NH

7572 m S5H Ar-H

45 dd 1H H-1 3J=4Hz, 31=2Hz

26 ddd 1H H-8' 21=13Hz, 31=10 7Hz, }1=4Hz

25 ddd 1H H-8 2J=13Hz, 37=10 3Hz, 31=4Hz

24 dddd 1H H-7 2j=13Hz, 31=10 3Hz, 31=4Hz, 31=4H:

22 dddd 1H HT' 25=13Hz, 3=10 7Hz, 31=4Hz, 3]1=2Hz



9262 P K LooseENet al

The bicyclic system 3 shows synthetic potential for bridged analogues of piperazine drugs and
piperazine-2,5-diones, 1 ¢ bioactive cyclic dipeptides 14 The versatility achieved for the substitution pattern
of 3 was used to mumic the structure of ghotoxin 6 This compound exhibits fungicidal and antiviral
properties 15 Alkylation of 3m using a phase transfer catalyst afforded the N-methyl compound 7 The
target molecule 8 was obtained n good yield by displacing cyamde with the thiophenolate amon 16
However, compound 8 was devoid of any fungicidal or antiviral properties
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CONCLUSION

In conclusion, a new and versatle route to 2,5-diazabicyclo[2 2 2]octane-3,6-diones has been
developed proceeding through cycloaddition of ethene to 2(1H)-pyrazinones These compounds offer
opportunities for conversion into bridged analogues of bioactive cychc dipeptides Their ning opening
reactions are under current investigation

EXPERIMENTAL SECTION

All melung points are uncorrected  Infrared spectra were recorded on a Perkin Elmer 257
spectrophotometer Mass spectra were run on a Kratos MS-50 (toni1zation energy 70 eV) apparatus For the
NMR spectra (5, ppm) a Vanian EM-390 and a Bruker WM-250 spectrometer were used Analytical and
preparative thin layer chromatography was performed using Merck silica gel 60 PF-224  Column
chromatography was carried out using 70-230 mesh silica gel 60 (E M Merck)

I SYNTHESIS OF 2(1H)-PYRAZINONES
1 _The 3,5-dichloro-2(1H)-pyrazinones 1a-g

The pyrazinones 1a,b were prepared as reported previously 1 Pyrazinones 1c-g were synthesized
according to the same procedure and were recrystailized from EtOH

3,5-dichloro-1-phenethyl-2(1H)-pyrazinone 1¢

Yield 83%, mp 192-193°C, IR (KBr) em'l 1680 (CO), 1590 (C=N), 'H-NMR (CDCl3) 73 (m,
5H, Ar-H), 6 8 (s, 1H, Hg), 4 2 (t, 2H, CH2N), 3 1 (t, 2H, CHpAr), m/z 268 (M+, 37), 91 (100),
exact mass for C1oH1oCIpN2O 268 0168, found 268 0166
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3,5-dichloro-1,6-diphenyl-2(1 H)-pyrazinone 1!}
Yield : 56%, m.p :218-220°C, IR (KBr)cm™* 1680 (CQ), 1565 (C=N); 1g-NMR (CDCl3) 73-69
(m, Ar-H); m/z 316 M, 100), 288 (M 1-CO, 43), 253 (288-Cl, 12), exact mass for C16H10Cl2N20
316 0168, found: 316 0169

3,5-dichloro-1-ethyl-6-phenyl-2(1 H)-pyrazinone 1e

Yield 72%, mp 157°C, IR (KBr) cm™. 1670 (CO), 1540 (C=N), 'H-NMR (CDCl3) 7 8-7 2 (m,
5H, Ar-H), 3 8 (g, 2H, CHp), 12 (t, 3H, CH3), m/z 268 (M™, 96), 240 (M"'-CO, 100), exact mass for
C12H10CI12N20) 268 0168, found 268 0176

1-benzyl-3,5-dichloro-6-phenyl-2(1 H)-pyrazinone 1f

Yield 68%, mp 149-150°C, IR (KBr) cm! . 1665 (CO), 1560 (C=N), H-NMR (CDCl3) 77-68
(m, 10H, Ar-H), 5 0 (s, 2H, CHp), m/z: 330 (M, 16), 239 (M ¥ -PhCHj5, 100), exact mass for
C17H12C1oN20 330 0325, found* 330 0331

1-benzyl-3,5-dichloro-6-ethyl-2(1 H)-pyrazinone 1g

Yield 74%, mp 80°C, IR (KBr) cm™' 1670 (CO), 1570 (C=N), 'H-NMR (CDCl3) 7 3 (m, 5H,
Ar-H), 5 2 (s, 2H, CHp-Ar), 2 9 (q, 2H, CH>-CH3), 1 2 (t, 3H, CH3), m/z 282 (M1 6), 91 (100),
exact mass for Cj3H172CIpN2O 282 0325, found 282 0328

2 The 3-substituted 2(1H)-pyrazinones 1h-m

The introduction of cyano and methoxy groups to yield compounds 1h,j was performed as described 1n
previous work 3

5-chloro-3-methyl-1-phenethyl-2(1 H)-pyrazinone 1i

To a suspension of 3 3 g (9.2 mmol) methyltriphenylphosphonium bromide 1n 50 ml of dry THF, stirred
under nitrogen atmosphere at -30°C, was added 3 7 ml of a 2 5N n-BuLi solution n hexane After stiring
for 15 minutes at this temperature, the pyrazinone 1c (1 1 g, 4 2 mmol) dissolved in 15 ml dry THF was
added The mixture was allowed to react for six hours at room temperature To the solution of the formed
phosphomum yhde, 10 ml of a IN solution of NapCO3 1n water was added and the reaction mixture was
refluxed for another six hours After cooling to room temperature and adjusung the solution to pH=3, by
slowly adding 3N HCI solution, the solvent was removed under reduced pressure The residue was dissolved
in 50 ml water and then extracted with 4 x 25 ml of chloroform The combined organic layers were dried
over magnesium sulphate and evaporated under reduced pressure The product was subjected to column
chromatography on silica gel using chloroform-ethyl acetate mixtures (0 to 10% EtOAc) as eluent

Yield 085g,82%, mp (EtOH) 106°C, IR (KBr)em™! 1650 (CO), 1595 (C=N), H-NMR
(CDCI3) 7470 (m, SH, Ar-H), 6 8 (s, 1H, Hg), 4 1 (t, 2H, CHpN), 3 0 (t, 2H, CHpA™), 2 5 (s, 3H,
CH3), m/z 248 (M™, 4), 104 (100), 91 (7), exact mass for C{3H[3CIN)O 248 0716, found 248 0723

1-benzyl-5-chloro-3-phenyl-2(1 H)-pyrazinone 1k

To a solution of pyrazinone 1b (2 5 g, 10 mmol) 1n 150 ml of dry THF at -30°C, was added 3 7 ml of a 3M
solution of PhMgBr 1n diethyl ether After ten minutes some water was added and the mixture was brought
to room temperature  After separation of the organic phase the aqueous layer was extracted with
chloroform  The combined organic layers were dried over magnesium sulphate and evaporated under
reduced pressure  Chromatographic separation of the residue on a silica gel column eluting with a
chloroform-ethyl acetate mixture (1 to 6% EtOAc) gave the title compound 1k

Yeeld 26g,90%, mp (EtOH) 86°C, IR (KBr)cm™! 1650 (CO), 1580 (C=N), !H-NMR (CDCl3)
8 4 (m, 2H, Ar-H), 7 4 (m, 8H, Ar-H), 72 (s, 1H, Hg), 5 1 (s, 2H, CHp), m/z 296 (M7, 24), 91
(100), exact mass for C;7H13CINgO 296 0715, found 296 0724, anal caled C 68 81, H 4 42, N 9 44,
found C 68 82, H4 41, N9 42
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1-benzyl-3-t-butyl-5-chloro-2(1 H)-pyrazinone 11
The same procedure as for compound 1k was applied using 5 5 ml of a 2M solution of ~-BuMgBr 1n diethyl
ether

Yield 097g,35%, mp. (EtOH) 133°C, IR (KB)em'! 1665 (CO), 1590 (C=N), H-NMR
(CDCl3) 7.3, 5H, Ar-H), 7 05 (s, 1H, Hg), 5 05 (s, 2H, CHy), 1 4 (s, 9H, CH3), m/z . 276 M+,
11), 185 (M -PhCHy, 47), 91 (100), exact mass for C15H]7CIN,O - 276 1028, found. 276 1039

5-chloro-2-oxo-1-tolyl-pyrazin-3-yl thiocyanate 1m

The 3,5-dichloro-1-tolyl-2(1H)-pyrazinone (2 5 g, 10 mmol) (prepared according to the method mentioned
above) 1n 100 ml acetone was refluxed 1n the presence of 3 eq. of KSCN for four hours After reaction, the
solvent was evaporated under reduced pressure The residue was dissolved in chloroform and filtered The
filtrate was washed with water and dried over magnesium sulphate Chloroform was then removed and the
remaining solid was punified on a silica gel column (eluent 0 to 10% CHCl3-EtOAc)

3,5-dichloro-1-tolyl-2(1H)-pyrazinone  Yield 73%, mp 169-170°C, IR (KBr) eml 1670 (CO), 1560
(C= N), lg.NMR (CDCl3) - 74-7 1 (m, SH, Ar-H + Hg), 2 35 (s, 3H, CH3), m/z 254 ™™, 79), 226
M™*-Co, 26), 91 (100); exact mass for C11HgClhN2O 254 0014, found 254 0016

S-chloro-2-oxo-1-tolyl-pyrazin-3-yl thiocyanate Im Yield 2 5g92%, m p (CHCl3-hexane) 147°C, IR
(KBr) cm” -1 2170 (SCN), 1660 (CO), 1610 (C=N), 1H-NMR (CDCl3) 74 (m, 4H, Ar-H), 7 35 (s, 1H,
Hg), 2.4 (s, 3H, CH3); m/z 277 o™+, 100), 249 MT-CO, 19), 214 (249-Cl, 14), exact mass for
C17HgCIN3OS 277 0076, found 277 0076

3 2(1H)-pyrazinones dehalogenated i position 5
Compound 1n has been descnibed? and the same method has been applied for 1o

3-methyl-1-phenyl-2(1 H)-pyrazinone 10

Yield 89%, mp (EtOH) - 110-111°C, IR (KBr) cm! 1652 (CO), 1584 (C=N), 'H-NMR (CDCl3)

755-7 35 (m, SH, , ALH), 725 (4, J= 4.5 Hz, 1H, Hs), 71 (dq, =45, 0 7 Hz, 1H, He, 25,7 =
0 7Hz, 3H, CH3), 12C-NMR (CDCI3) 159 6 (CO), 155 6 (C3), 139 4-125 8 (A1-C), 126 9 (Cg), 122 2
(Cs), 209 (CH3); m/z 186 (M, 100), 158 M *-CO, 45), 77 (69), exact mass for Cy1H{gN20

186 0793, found 186 0795

I1 SYNTHESIS OF 2,5-DIAZABICYCLO[2.2.2J0CTANE-3,6-DIONES 3
1. 2,5-ch 1 2.2.2]Joct-5-en-3-ones 2

The 2(1H)-pyrazinone (1 mmol) was dissolved in 30 to 40 ml of toluene and the solution transferred to
a steel bomb under 25 atm ethylene The bomb was heated at 110°C for several hours (see table 1) After
careful removal of the gas, the solvent was evaporated under reduced pressure. The unstable residue was
used as such for hydrolysis Adducts 2a, 2e, 2h and 2m were spectroscopically identified using the crude
reaction mixtures

4,6-dichloro-2-phenyl-2,5-diazabicyclo[2.2.2]oct-5-en-3-one 2a

IR (KBr) em™! 1692 (CO), 'H-NMR (CDCl3) 75-7 15 (m, 5H, Ar-H), 4 9 (m, 1H, Hy), 2 5-1 9 (m,
4H, Hy7 + Hg), 15C-NMR (CDCl3) 163 6> 1610(CO and C), 138 1123 5 (Ar-C), 88 1(Cy), 63 4
(Cp), 323 (Cg), 259 (C7), m/z 268 M, 5), 149 (M -PhNCO, 87), 119 (PhNCO™, 100)
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,6—d1chloro—%-etbyl—l-phenyl-z,s-dmmblcyclolz.2 .2]oct-5-en-3-one 2e
IR (XBr) cm™ - 1675 (CO); 1H.NMR (CDCl3) - 75 (m, 5H, .15 H), 3 5 (qd, 1H, CH2CH3), 3 0 (qd,
1H, CHoCHj3), 2.6-2 2 (m, 4H, H7+Hg), 0 85 (t, 3H, CH3), "“C-NMR (CDCl3) : 165 5 (CO), 162 6
(C6) 131. 9—128 2 (Ar-C), 87 1(Cy,700 (C1), 39 3 (CH)N), 34 2, 30 2 (Cg and C7), 13 2 (CH3), m/z
297 (M+H , 0.3), 296 (M , 01,225 (M -EtNCO, 100), 190 (225-Cl, 50)

3-chloro-6-oxo-5-phenyl-2,5-diazabicyclo[2.2.2]oct-2-ene-1-carbonitrile 2h

IR (KBr) em™! 2229 (CN), 4705 (Coy; IH-NMR (CDCl3) 75-72 (m, 5H, Ar-H), 4 9 (dd, 1H, Hy),
2 7-2.0 (m, 4H, H7+Hg); 13C-NMR (CDCl3) 164 1 (CO), 1620 (C3), 137 5-123.5 (Ar-C), 115 6
(CN), 67 3 (C1), 63 4 (C4), 27 6 (C7), 24.9 (Cg); m/z 259 ™M+, 3), 119 (PANCO™, 100), exact mass
calcd for C13HgCIN3O - 259 0510; found 259 0513

3-chloro-6-oxo-5-tolyl-2,5-diazabicyclo[2.2 2]oct-2-enyl thiocyanate 2m

IR (NaCl) cm™ -1 2241 (SCN), 1693 (CO), N%R (CDCl3) 73-71 (m, 4H, Ar-H), 4 85 (m, 1H, Hy),
2 5-2 0 (m, 4H, H7 + Hg), 2 35 (s, 3H, CH3), "°C-NMR (CDCl3) 1639, 162 6 (CO and C3), 137 5-
123 2 (Ar-C), 110.3 (SCN), 83 1(Cy), 63 9(Cy4), 30 1 (C7), 26 0 (Cg), 20 8 (CH3); m/z 305 (M , 4),
133 (p-MeC6H4NCO 100), exact mass calcd for C14H|2CIN3OS 305 0388, found- 305 0389

2. 2,5-diazabicyclof2.2.2 -3.6-dion

Method 1 (f X # Cl or (S)CN) The residue of the cycloaddition reaction containing the 2,5-
diazabicyclo[2 2 2]oct-5-en-3-ones 2 was exposed to air for one hour, to allow for rapid and compiete
hydrolysis of these compounds Punfication was achieved by crystallization from a chloroform-hexane
mixture

Method 2 (of X = Cl or (S)CN) A mixture of 25 ml 1IN NaOH and 50 ml dioxane was added to the
residue with the 2,5-ciazabicyclo[2 2 2]Joct-5-en-3-ones 2 After sturring for one hour at room temperature,
the solvent was removed under reduced pressure The residue was dissolved 1n 50 ml of water and extracted
with 4 x 25 ml of chloroform After evaporation of the solvent the product was purified on silica gel plates
(cluent = 100% EtOAc) and crystallized from a chloroform-hexane mixture

4-chloro-2-phenyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione 3a

Yield 86% (before crysta]hzatlon), mp 204°C, IR (KBr) cm -1 1700 (strong, CO), 1H-NMR
(DMSO dg) see table 2; ““C-NMR (DMSO-dg) 169 0, 164 4 (C3 and Cg), 139 0-123 8 (Ar-C), 76 9
(C4), 61 9 (Cy), 352 (Cg), 24 3(C7), m/z 250 M ™, 14), 222 MT-CO, 43), 131 (MT-PhNCO, 25),
129 (131-2H, 100), exact mass for C17H11CIN2Oy 250 0510, found 250 0503

2-benzyl-4-chloroe-2,5-diazabicyclo[2.2. 2]0ftane-3,6-dione 3b

Yield 77%, mp 159°C, IR (KBr) cm™ 1700 (strong, CO), 1g.NMR (CDCl3) 8 35 (broad s, 1H,
NH), 7 35 (m, 5H, Ar-H), 4 8 (d, J= 14 Hz, 1H, CHjAr), 4 4 (d, J= 14 Hz, 1H, CHpAr), 4 0 (dd, I=
35, 2Hz, il;l Hj), 2 4 (ddd, J= 13, 10, 5SHz, 1H, Hg), 2 3 (ddd, J= 13, 10, 4 5Hz, 1H, Hg), 2 0-1 7 (m,
2H, H7), "°C-NMR (CDCl3) 1700, 165 7 (C3 and Cg), 135 3-128 1 (Ar-C), 75 8 (C4), 58 7(Cp,493
(CHAr), 35 6 (Cg), 24 6 (C7), m/z: 264 (M , 22), 173 (M -PhCHjy, 26), 91 (100), exact mass for
C13H13CIN2Oy 264 0664, found. 264 0667

4-chloro-2-phenethyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione 3c

Yield 76%, mp 137°C, IR (KBr)cm™! 1700 (strong, CO), 'H-NMR (CDCl3) 7 6 (broad s, 1H,
NH), 7 25 (m, SH, Ar-H), 3 8 (m, 1H, Hy), 3 75 (m, 2H, CHN), 2 9 (m, 2H, CHpAr), 2 4 (ddd, I = 13,
10 2, 4 5Hz, 1H, Hg), 2 2 (ddd, J= 13, 10 5, 4 5Hz, 11;1 Hg), 1 9 (dddd, J= 13 5, 105, 4 5, 2Hz, 1H,
H7), 1.72 (dddd, J= 13 5, 10 2, 4 5, 4Hz, 1H, Hy), 1C-NMR (CDCl3) 169 9, 165 6 (C3 and Cg),
1377126 9 (Ar=C), 75 8 (C4), 60 4 (Cy), 48 2 (CHaN), 35 3 (CHpAI), 34 4 (Cg), 24 5 (C7), miz 278
M+, 22), 187 (MT-PhCHy, 4), 131 (MT-PhCHyCH,NCO, 17), 104 (100), exact mass for
C14H15C1N202 278 0820, found 278 0825
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4-chloro-1,2-diphenyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione 3d

Yield: 64%; mp 235°C; IR (KBr) cm-l - 1700 (strqug, CO); IH-NMR (CDCI3) - 7 2 (m, 10H, Ar-
H), 6 8 (broad s, 1H, NH), 3 1-2 5 (m, 4H, Hy+Hg); 1°C-NMR (CDCl3) 169 3, 166.1 (C3 and Cg),

137 0-127.5 lAr-f‘\ 75 R(CH), 698 ({"1\ 361 ({‘o\ 10.2 ((‘-'\ m/z - 326 (M+ m\ 201 M+-(‘I LX)

i D RGry V7.0 7y Ve s (N oAV I 4 FARNE F AL P LY V)]s & \av. y w)y

283 (MF-HNCO, 38), 263 (291-CO, 56), 255 (283-CO, 83), 77 (100), exact mass for C1gH5CIN2O; -
326 0820, found: 326.0820

4-chloro-2-ethyl-1-phenyl-2, S-dlambicyclflz .2.2]octane-3, 6-dlonf

Yield 80%; mp . 202°C, IR (KBr) cm -~ 1700 (strong, CO), "H-NMR (CDCl3) . 7.55 (broad s, 1H,
NH), 7 50 (m, 5H, Ar-H), 3.35 (dq, J= 14, THz, 1H, %z-CHy, 2,95 (dq, J= 14, 7THz, 1H, QH2~CH3),
2 8-2 3 (m, 4H, H7+Hg), 0 8 (t, J= 7Hz, 3H, CH3), C-NMR (CDCl3) : 169 3, 166.5 (C3 and Cg),
131 4-128 2 (Ar C), 755 (Cy), 67 8 (Cl), 39.1 (CH2CH3), 36 3 (Cp), 29 9 (C, 13 6 (CH3), m/z . 278
(M"' 11), 243 (M'i'-Cl 100), 235 (M -HNCO, 94), 207 (M -EtNCO, 51); exact mass for
C14H15CIN20O2 278 0820, found* 278.0825

2-benzyl-4-chloro-1-phenyl-2,5-diazabicyclo[2. 12 .2]octane-3, 6-dxone 3f

Yield 72%; m.p 207-208°C, IR (KBr)cm™ 1705 (CO); 1H-NMR (CDCl3) 7.5-7 0 (m, SH, Ar-H
+ NH), 6 6 (m, %151 Ar-H), 4 9 (d, J= 15Hz, 1H, CHyAr), 4 0 (d, J= 15Hz, 1H, CH2Ar), 2 7-2 1 (m,
4H, Hy + Hyg) C-NMR (CDCl3) 169.2 (C3), 167 4 (Cg), 136 8-127 5 (Ar-Q), 75 6 (C4), 68 0 (Cy),
46 9 (CHzAr), 36 1(Cg), 29 3(C7), m/z 340 ™M™, 2), 305 MT-Cl, 27), 304 MT-HCI, 47), 297
(M -HNCO, 25), 277 (304-CO, 26), 91 (100), exact mass for C1gH{7CIN20; 340 0977, found

340 0971

2-benzyl-4-chloro-1-ethyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione 3g

Yield 68%, myp .212°C, IR (KBr)em™™ 1695 (strong, CO), TH-NMR (DMSO-dg) 97 (s, 1H,
NH), 7 4-7 1 (m, 5H, Ar-H), 4.75 (d, J= 15Hz, 1H, CH)AI), 4 6 (d, J= 15Hz, 1H, CH3Ar), 2.35 (m,
2H) and 595 (m, 2H, H7+Hg), 1.95 (dq, 1H, CHy-CH3), 1 7 (dq, 1H, CH>-CH3), 0.95 (t, J= 7Hz, 3H,
CH3); 1’C-NMR (DMSO-dg) 170 4, 167 4 (C3 and Cg), 138 3-126 0 (Ar-C), 76 1 (Cy), 637 (Cy),
443 (CH2A_2 34 8 (Cg), 27.8 (C7), 22.0 (CH2-CH3), 8.7 (CH3), m/z - 292 (M , 12), 256 (M -HCl,
31), 229 M ™-CO,Cl, 22), 21 (100), exact mass for C{5H17CIN2O2 292 0977, found 292 0976, anal
caled C 61 54, H5 85,N957, found C61.15,H5 74, N9 36

3,6-dioxo-5-phenyl-2,5-diazabicyclo[2.2.2]octane-1-carbonitrile 3h

Yield * 82%, mp ‘ 174°C; IR (KBr) cm-1 2225 (CN), 1695 (strong, CO), lg.NMR (DMSO—%

10 05 (broad s, 1H, NH), 7 5-7 3 (m, SH, Ar-H), 4 5 (m, 1H, Hy), 2 65-2 0 (m, 4H, H7+Hg), ~~°C- NMR
(DMSO-dg) * 169 0, 163 1 (C3 and Cg), 138 3- 123 9 (Ar-C), 114 3 (CN), 61 8 (C4), 56 6 (Cy), 30 4
(C7), 23.7(Cg), m/z 241 MT, 43), 122 (M1-PhNCO, 34), 94 (122-CO, 100), exact mass for
C13H11N3O2 241 0851, found 241 0850

4-methyl-2-phenethyl-2,5-diazabicyclo[2.2.2]octane-3,6-dione 3i

Yield . 73%, m p  sublimation at 293-297°C, IR (KBr) cm -1 1695 (strong, CO), H-NMR (CDCI3)

7 90 (broad s, 1H, NH), 7 25 (m, 5H, Ar-H), ? 85 (m, 1H, Hj), 3 7 (t, 2H, CH»N), 2 9 (t, 2H, CHAr),
2 0-1 6 (m, 4H, H7-Hg), 1 45 (s, 3H, CH3), C NMR (CDCl3) 172 7, 171 2 (C3 and Cg), 138 6-126 5
(Ar—C), 60.3 (C1), 577(Cq),469 (CH2N), 34.5 (CHpAT), 31 9 (Cg), 24.4 (C7), 17 7 (CH3), m/z . 258
(M , 89), 167 (M -PhCH3, 63), 139 (167-CO, 26), 111 (89), 104 (100), exact mass for C15§H19gN207
258 1367 found 258 1372

4-methoxy-2-phenyl-2,5-diazabicyclo[2.2. %]octane-3,6-dione 3j

yield 58%; mp 170°C, IR (KBr)cm™ 1700 (strong, CO); 1H.NMR (CDCl3) 86 (broa(l 'f’ 1H,
NH), 7 5-7 3 (m, 5H, Ar-H), 4 42 (m, 1H, Hy), 3 77 (s, 3H, OMe), 2 5-1 9 (m, 4H, H7+Hg), '°C-NMR
(CDCl3y) 170 9,1673 (C _;?_and Cg), 138 6-123 7 (Ar-C), 86 6 (C4), 62 0(Cy), 29 9 (Cg), 23 8 (C7);
m/z 246 (M 4), 218(MT-C0,10), 127 M*-PhNCO,26), 125(127-2H, 80), 86(100), exact mass for
C13H14N203 246 1004, found 246 1007
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2-benzyl-4-phenyl-2,5-diazabicyclof2.2.2)octane-3,6-dione 3k

Yield . 83%; m.p. : 168°C, IR (KBr) cm " 1685 (strong, CO), 1H.NMR (CDCl3) 75-7.0 (m, 11H,
NH+Ar-H), 4 80 (d, J= 15Hz, 1H, CHjAr), 4.37 (d, { = 15Hz, 1H, CHjAr), 3 97, (dd, J= 4, 2Hz, 1H,
Hy), 2.40-2.25 (m, 2H, Hg), 2 00-1 75 (m, 2H, H7), -NMR (CDCl3) . 171 6, 170 3 (C3 and 4 C),

136 2-127.2 (Ar-C), 64 0 (C4), 59 2 (Cy), 48. 8 (CH2Ar), 29 8 (Cg), 24 7(C7), m/iz 306 MT, 76), 215
™t -PhCHy, 41), 173 ™t -PhCH2NCO, 47), 171 (173-2H, 73), 145 (173-CO, 100), 91 (89); exact mass
for C1gH1gN2O9 - 306.1367; found 306 1374, anal calcd for C 74.49, HS 92, N9.14, found C

74 27, H5.76, N 8.91

2-benzyl-4-t-butyl-2,5-diazabicyclo[2.2.2] ne-3,6-dione 31
yield 62%; m.p. - 188°C; IR (KBr) cm™ . 1695 (strong, CO), lH.NMR (CDCl13) 8 0 (broad s, 1H,
NH), 7.3 (m, 5H, Ar-H), 4.75 {g 1H, CH3Ar), 4.40 (d, 1H, CH3Ar), 3.9 (m, 1H, Hj), 2 1-1 7 (m, 4H,
H7+Hg), 1.30 (s, 9H, CH3), ““C-NMR (CDCl3) 1729, 170.2 (C3 and Cg), 136 5-127 7 (Ar-C), 65 6
(C43_ 58 5 (broad, C1), 48 0 (CHyAr), 33 9 (C(CH3)3), 25 8 (Cg), 25 5 (CH3), 24 3(C7), m/z 286

, 20), 195 (M -PhCHj, 5), 153 (M -PhCH3NCO, 35), 151 (153-2H, 100), 91 (81), exact mass for
C17H22N202 286 1680; found 286 1682

3,6-dioxo-5-tolyl-2,5-diazabicyclo[2.2. 2]ocfan-l-yl thiocyanate 3m

Yield . 82%, mp 125°C, IR (KBr) cm™ . 2160 (SCN), 1700 (CO), 1g.NMR (DMSO-dg) 9 1 (broad
s, 1H, NH) 72 (s, 4H, Ar -H), 4 45 (m, 1H, Hj), 2 6-2 1 (m, 4H, CH-CH>), 2 4 (s, 3H, CH3), m/z
287 Mt ,92), 154 Mt -p-MeCgH4NCO, 30), 126 (100), exact mass for C14H13N302S 287 0728,
found 287 0730

2-methyl-3,6-dioxo-5-tolyl-2,5-diazabicyclo[2.2.2]octan-1-yl thiocyanate 7

Compound 3m (1 0 g, 3 7 mmol) dissolved 1n 50 ml CH2Clp was mixed with BusyNHSO4 (0 7 mmol),
NaCOH (1 11 mmol) and dimethyl sulphate (30 mmol) 1n 50 ml water. This mixture was vigorously stirred at
room temperature for 30 minutes  After filtration and separation of the organic layer, the water phase was
extracted with CH2Cl and the combined organic layers were dried over magnesium sulphate Filtration and
evaporation of the solvent, gave the crude product 7 It was punfied by column chromatography on silica
gel (eluent 10% EtOAc/CHCIl3)

Yeeld - 10g,94%, mp * 162°C, IR (KBr) cm™! 2160 (SCN), 1700 (CO), 1H-NMR (CDCl3/CgD,
3/1) 70-69 (m, 4H, Ar-H), 4 12 (dd, J= 4 2 Hz, 1H, Hy), 2 95 (s, 3H, CH3N), 2 3 (ddd, J= 14, 10 5,
6 SHz, 1H, Hy), 2 1 (s, 3H, CH3AY), 1.75 (ddd, J= 14, 10'5, 6 5Hy, 1H, Hy), 15 (dddd, J= 14, 105,
65, 2Hz, 1H, Hg), 1 32 (dddd, J= 14, 10 5, 6 5, 4Hz, 1H, Hg), 13C-NMR (CDCl3) 1672, 163 9 (C3
and Cg), 137 3-123 4 (Ar-C), 109 6 (SCN), 77 0 (Cy), 62 0 (Cy), 32 7 (Cg), 29 1 (CH3N), 243 (Cy),

20 8 (CH3Ar), m/z - 301 (M7, 85), 168 (Mt -p-MeCgH4NCO, 21), 140 (168-CO, 100), 91 (31), anal
calcd for C5H15N302S C 5978, H5 02, N 13 94, S 10 64, found C 59 57, H 4 86, N 13 93, § 10 79

5-methyl-4-phenyldithio-2-tolyl-2,5-diazabicyclo[2-2-2]octane-3,6-dione 8

To a solution of compound 7 (0 93g, 3 08 mmol) in 10 ml DMF was added 1 5 eq NEt3 (0 46g) and 1 eq
of thiophenol (0 34g) The reaction mixture was stirred at 70°C during 24h  After removal of the solvent
under reduced pressure, the residue was purified by column chromatography (eluent 10% EtOAc/CHCI3)

Yield 088g,74%, mp (CHpClo/hexane) 143°C, IR (KBr) cm™! 1680-1690 (CO), !H-NMR
(CeDg) 74 (m, 2H, Hg on Ph), 7 1 (m, 2H, Hy, on p-MeCgHy), 6 95 (m, 3H, Hpy, and Hp on Ph), 6 8
(m, 2H, H,, on p-MeCgHy), 4 2 (dd, J= 4, 2Hz, 1H, Hy), 3 0 (s, 3H, CH3N), 2 3 (ddd, J= 14 5, 10,
5Hz, 1H, Hy), 2 0 (s, 3H, CH3Ar), 1 55 (ddd, J= 14 5, 10, 5Hz, 1H, Hy), 1 3 (m, 2H, Hg), 13C-NMR
(CeDe) 169 4, 166.4 (C3 and Cg), 136 8 123.7 (Ar-0), 77 4 (Cy), 62 1 (Cg), 30 9 (Cg), 29 8 (CH3N),
247(C7), 209 (CH3AD), m/z 384 (MY, 100), 275 (M*-SPh, 75), 242 (M T-SSPh, 34), anal caicd for
CooHoN202S, . C62 47, H524, N 729, S 16 68, found C 6239, HS 04, N7 23, S 16 49
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