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Abstract : 2-Alkoxy pyrazino|2,3-¢][1.4]diazepin-5-one and 1i-alkoxy pyrazino[2.3-¢]pyitolof[1,2-
al[1.4]diazepin-5-one derivatives were synthesized via the corresponding iminophosphoranes derived
tfrom 3-aminopyrazine-2-carboxylic acid and a-amino acid derivatives. by the intramolecular aza-Wittig
methodology (118, 11a8)-1.2.3.10,11,1la-Hexahydro-11-alkoxy-pyrazino{2.3-¢]pyrrolo[}.2-
all 1 .4]diazepin-S-one derivatives. i.¢.. 6,9-diaza-analogs of porothramycin B ¢rc.. were obtained.

© 1998 Elsevier Science Ltd. All rights reserved.

Introduction

U, ,,,I\!I, ~ ~ab 1 1 4 P ] ! a1 2 a1 : i H 1 ) .i(y‘.A‘ s N
hcwrocycies.‘ We and other workers have demonstrated recentty tnat tne intramolecular aza- wittig rcacuion 1s a

powerful tool for synthesis of 5-8 membered heterocycles!-* including natural products such as DC-81 .4 /-
vasicinone.” (-)-benzomalvin A.° (+)-fumiquinazoline G ¢f¢. On the other hand. the intermolecular aza-Wittig
reaction followed by electrocyclization, cvcloaddition or heterocvclization. .c.. the tandem aza-Wittig and cvclization
sequence. has been applied for synthesis of nitrogen heterocveles by Molina ®* Wamhoft.” Quintela.'" Sairo !

Noguchi'” Weinreb!* and Katritzky ! ¢r o/ Also. N-vinvliminophosphoranes are utilized for svnthesis of certain

heterocveles by Nitta!Tand Palacios!Cer ol We have heen interested 1n preparation of V-
reterogcveles t ta’~and Palacros'V o ¢/ We have been interested mn preparatic 0l
heteroanliminoshosphoranes because these species seetn to be much less studied. and the NS bneiil 4o
Neleroan Mmoo pnRospnoranes decause Mese Spectes seeim to oe Imuch 1ess studied, ai g

A L8] lllc‘v are Pll'llll\ﬂl:.:‘, wul
blocks for synthesis of nitrogen heterocvcles such as 4(3//)-pteridinone derivatives.!” As an extension of our
study on the intramolecular aza-Wittig reaction, we wish to report here a facile synthesis of novel pyrazino| 2.3-
¢|[ 1.4]diazepin-S-one and pyrazino|2,3-¢]pyrrolo[ | ,2-¢]| 1 4]diazepin-5-one derivatives by using the corresponding
N-heteroarvliminophosphoranes.

1.4-Benzodiazepines are biologically active, ¢.g.. anti-tumor antibiotics and psvchotropics. Especially, the
pyrrolo[2.1-c][1.4]benzodiazepine (PBD) derivatives can recognize and bind to specific sequ s of DNA. Such
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gene expression with possible application as ther pmltic agents in the
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methyl ether t’unctmnahty at N10-C11 of PBD derivatives. Synthetic methods of PBD derivatives have been
extensively studied. '™ In addition, the solid-phase synthesis of |.4-benzodiazepine derivatives has been
reported.'” Thus, intensive studies of 1.4-benzodiazepines and related compounds have drawn considerable attention
to discover a new synthetic route and moditied ring systems with new activities. Thus, we examined synthesis of

pyrazino[2 3-¢}[1 A]diazepin-S—ones. 6,9—diaza-analogues of 1,4-benzodiazepines, which are of interest from their

=

potential new activ . The forep n as based on the relation between methotrexate and its deaza-analogues.

that the activity of the former was stronger than that of the latter.2? This paper describes detailed data and the
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Scheme I Synthesis of pyrazino{2,3-¢]{1.4]diazepine derivatives 4 and/or &
via the intramolecular aza-Wittig reaction. @
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a Reagents and conditions; (a) a-amino acid derivatives, condensation reagent (sce, Table 1), Et N,

DME, 0°C, 1 h—srt 1h 69 ~100%:(b) PPk, C,Cl, Et;N, benzene, reflux, 2 h; (c) xylene (See. Table 2).
140 °C. 24 ~ 480 h, 26 ~ 85 % (4).

Table 1 Svnthesis of amide derivatives 2.

Entry o.-Amino acid derivatives Method ¢ Amides h Yield (%) ¢
| Sarcosine methyl ester A 2a 72
2 1.-Proline methyl ester A 2b o8
3 (2RS, 4K)-2-Phenyitiazolidine-4-carboxylic acid ethvi ester A 2c 75
4 N-Benzyl glycine methyl ester A 2d oS
5 N-Benzyl glycine ethyl ester A 2¢ 100
6 N-t1,1-Diphenylmethyl) glycine methyl ester B 2f 09
7 N-(4-Methoxyphenylmethyl) glycine methyl ester A 2¢g 160
8 N-(2.4-Dimethoxyphenyimethyl) glycine methyl ester A 2h 80
9 N-Benzyl 1 -alanine methyl ester A 2i 99
10 N-(4-Methoxyphenylmethyl) [ -alanine methyl ester A 2j as

~
=~

In method A. DEPC (diethyl phosphorocyanidate) was used and in method B.
DMC (2-chloro-1.3-dimethvlimidazolinium chioride) was used

: [ 53 :
b ¥orR'.R™and R, see lable 2

¢ fsalated vield
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Table 2. Synthesis of pyrazino|2,3-¢]{1.4]diazepine derivatives 4 and/or 5
wia the intramolecular aza-Wittig reaction.

Entry Amides R R* R’ Reaction time (h)  Products Yield (%0) ¢
1 2a Me H Me 135 4a + Sa 50 + 34
2 b «(Cly)s- Me 24 4b + 5b 774 18
3¢ 2b -{(CHa);- Me 24 4b + 5b 0+77
a b 2b «(CHy)s- Me 168 4b + 5b 0+81
5 2 -C(Ph)HSCH,- Et 5 4¢ + 5¢ 47+454d
6 2d Bn H Me 72 4d + 5d 76 + 22
7 2e Bn H Et 72 4e + Se S4 ¢+ 23
8 2r Ph-CH H Me 480 af + 51 2640
9 2g MPM ¢ H Me 72 g + Sg 59+ 19
10 2h pmMPM 7 H Me 72 4h + Sh 10 + 32
i 2i Bn Me Me 24 4i + Si 61 + Trace
12 2§ MPM Me Me 24 4j + §j 85+ 11

o No filtration. P From amide 2e directly ¢ lIsolated vield

13014100 yICHd,

d Diastereomer mixture. € MPM = 4-methoxyphenylmethyl. J DMPM =2 4-dimethoxyphenylmethyl

application of the preliminary communication 2!

Zzina.Jora acid 1 a r.aminn artd ectar ware candanced ta foarm the ~arreenandina

SANRIRIINY '-vlu‘_.ll|\4 WA J W INE A GHING WA QNI AW L Oowvd YYuid v LVATIIVULNETOWNS LU BTULIng i UU'I\—DP\’I‘“'.]
neami Ao Y emrd dle e ah s e e  siam ey Fricembs e e stz rartad sead o~ dl o ....._,.._L.\,‘..L AAAAA Lo, slan I/ manne d2ramy
AIHIUC\ ~, and mnen e pll nary dimtiie 1uiiciion wad CONveiicd Hito uic i “”"UP"pr"("d"C Uy HiIC l'\”‘\d"(’\ l\ pc:

reaction. At first, DCC failed to form amide 2b from 1 and L-proline methy! ester, but DEPC (diethyl
phosphorocyanidate)?2(0 °C, 1 h; r.t., 1 h in DME) gave 2b (98 % yield). Thus, amide derivatives 2 were similarly
prepared from 1 and a-amino acid esters in good yields {Scheme | and Table 1). Amide derivatives 2a and 2b
were derived from a-amino acid hydrochlonde (Entries 1 and 2 in Table 1) and the other amide derivatives 2¢ - 2j
were prepared from a-amino acid derivatives. The amide 2¢ having thiazole ring was obtained from ethyl (2K,

4R)-2-phenvlthiazolidine-4-carboxylate derived from L-cvsteine ethvl ester hvdrochloride and benzaldehyde (Entry

tiy) yUiuL

23 The raiiras _nrontected aminn acide were
1 L B4 i Twwivig G i “avivy A B 2

N-(1,1-Diphenvimethyi) glycine methyl ester was prepared from glycine methyl ester hvdrochloride, triethylamine
and a-bromodiphenyvimethane in DMPU (1 3-dimethyl-3.4,5,6-tertahydro-2( 1 /)-pyrimidinone)- 2 in 81 % vield.
The amide 2f could be synthesized by DMC (2-chloro-1,3-dimethylimidazolinium chloride)’” because N-(1.1-
diphenylmethyl) glycine methyl ester was not obtained by DEPC due to steric hindrance (Entry 6 in Table ).
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membered compounds, pyrazino{2,3-¢}{ 1,4 ]diazepin-5-one derivatives 4 and/or 5
were investigated as foliows. These amides Z having the primary amine function were converted into the
corresponding iminophosphoranes by triphenylphosphine-hexachloroethane-triethylamine reagent system (Scheme
1). The iminophosphoranc having sec-amide derivative was not cyclized even at reflux in xylene, because very
strong intramolecular hydrogen bonding between the iminophosphorane and the amide proton inhibits the
intramolecular aza-Wittig reaction.?” However, when reri-amide derivative 2b was treated similarly (the reaction
time was 24 h), the cyclization to pyrazino[2 3-e]pyrrolo[ 1 2-«][1 4]dla7epm- -one derivative proceeded smoothly.

This compound was turned out to be 5b, a hydrolyzed prod
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only under more severe conditions (140 °C, 168 h, 81 %, Entry 4 in Table 2). In addition, the aza-Witiig reaction
after removal of triethylamine hydrochloride generated in the Kirsanov reaction by filtration afforded the desired
product, 4b in 77 % vield acco_rﬁpanied with 5b in 18 % yield as a by-product (Entry 2 in Table 2). A series of
pvrazino[2.3-¢|{ 1,4]diazepin-5-one derivatives was prepared in the same way by using N-mono-alkylated a-amino
acid esters (Table 2). Pyvrazino[2.3-¢][1.4]diazepin-5-one derivatives fused thiazole ring 4¢ and S¢ were obtained
as separable diastereomers, respectively (Entry 5 in Table 2). Nevertheless, the structures of these compounds
could not be distinguished by the data of '"H NMR and NOESY. The amide derivative 2f having 1_I-diphenylmethyl

= = SRR A = S - v -
nnetinn wacg ctronnnic tn nvunlize intn nurazinnal?) Qo1 Aldiazanin.S_nna Af at 1 A0 O far lang tima aiuing nnls;
TUTICLIVZEL YYWAD JSLIVIiULIUD v L.”\allL\d 1y P) laLlllUl.-’J'LJl 1 ’ﬂ"'ulaL\lelll-J-Ullb i1 QL 1TrTU U 1uil lUllE LLILE 1Y llls Ulll)

Next step. we scrutinized the synthesis of pyrazino{2,3-¢]pyrrolo[1,2-¢|{ 1,4 [diazepin-5-one derivatives 6.
which were 6 .9-diaza-analogs of porothramycin B erc. According to our previous reports,*? we required the
precursor 7 with N(10)-C(11) imine function and its precursor 8 with both of aldehvde and iminophosphorane
functions (Scheme 2).

Scheme 2. Retrosynthesis of pyrazino[2,3- ¢]pyrrolo[ 1,2-a][ | 4]diazepine derivatives 6.
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u
material (42 %o yield) instead of the corresponding aldehyde or the cyclized seven membered compound (Scheme
3). In this reaction. coordination of DIBAIH to amino function of 2b accelerated the reduction of the amide
carbonyl by the intramolecular version (Figure 1). Therefore, amine function of 2b was protected by Boc group
and was converted into the other appropriate functions (chloro, azido and phosphoranylideneamino). In using
these compounds, however, the desired com pounds 6 could not be synthesized because the corresponding aldehyde

derivative 8 was not afforded. Next, we insnected an oxidative method (Scheme 4). Amide derivative 11 derived

o0 e at LAl s2att U 1 DL
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¢ Reagents and conditions: (a) DEPC, EGN, DME, 0°C, T h >r.t, 1 h 100%, (b) TBAF, THF. rt .1 h 98 °%;
{c) PPha, CaCli.. EiyN. benzene. reflux, 2 h; (d) TBAF. THF, r.t.. 2 h, overall yield 99 % from 11: (e) DMSO,
(COCI),, EGN, CH,Cl5, =78 °C, 5 min., —» r.t.; (f) ROH (R = Me. Et), r.t., 60 and 59 %5

Table 3.  Synthesis of 6.

Entry R Products Yield (%) ¢ Yield (%) of PPh,=0
! Me 6a 60 79
2 Lt 6b 59 %3

a Isolated yield



-
o~
A
=
=
8
3
N
2
s
g
]
o
£
3
&
X
~A
N
:
&
Ly
[o%)
X

aicohol derivative 12 (98 % yieid). Direct oxidation of 12 by Swern's method?? or PCC did not produce the
desired compound. )-TBDPS-protected amide 11 was converted into iminophosphorane 13 and then, in sifu,
alcohol derivative 14 was prepared by desilylation with TBAF (overall 99 % yield from 11). The Swern oxidation
of 14 followed by the addition of alcohol furnished pyrazino[2, 3-e]pyrrolo| 1.2-a]|1,4]diazepin-5-one derivatives
having aminal function 6 (Scheme 4). This reaction was rationalized as follows. The Swern oxidation of 14

afforded the corresponding aldehyde 8. which then immediately formed seven membered compound 7 by the

intramolecular aza-Wittig reaction. Although 7 could not be isolable by silica gel chromatography, only
i [y TR, 1y -
riphenvlphosphine oxide, inevitable by y-product, was isolated. However, when an appropriate aicohol was added

to the reaction mixture, 6 and triphenylphosphine oxide were obtained (Table 3). Based on 11 and *C NMR data
of the compounds 6, they were concluded to be produced stereospecifically. According to Fukuyama's report, 3
the 'H NMR data of NH and H-11 of (+)-porothramycin B were 6.18 (1H, d,./=6.2Hz)and 4 68 (1H.d../ = 6.4
Hz), respectively. Moreover, those of 6a were 6.35 (1H, d, /= 5.8 Hz)and 4.66 (1H, d../ = 6.2 Hz). respectively.
These results suggested that the obtained compounds 6 were single isomers and the configuration of C-11 was R,
respectively (Figure 2).

Figure 2 The comparison of 62 and porothramycin B by 'H NMR
o) 0
N 7
CONMe
N. LM/\P ~ )LMW 2

HH OMeH H
LN ] AR\ N
{ ') no coupling K 3 no coupling
d. 6.0 Hz d. 6.3 Hz
6a Porothramycin B

Conclusion
In conclusion, we have demonstrated a facile route to pyrazino|2,3-¢|| 1,4]diazepin-5-one derivatives with
N(1)-C(2) imidate function 4a, 4c¢ - 4j and pyrazino[2,3-¢]pyrrolo|1.2-«]| | 4]|diazepin-5-one derivatives with
N(10)-C(11) imidate function 4b from 3-aminopyrazine-2-carboxylic acid 1 and a-amino acid derivatives, by the
intramolecular aza-Wittig methodology. Moreover, pyrazino[2,3-¢]pyrrolo[1.2-u][ 1 .4]diazepin-5-one derivatives

with aminal function 6, 6,9-diaza-analogs of porothramycin B, were obtained.

Experimental Section
General Methods. Most of the general experimental methods have been reported previously. 42 Optical rotations
were measured with a JASCO DIP-1000 polarimeter. Flash chromatography was performed with a silica gel
column (Fuji Davison BW-300 sitica gel) cluted with mixed solvents (hexane (11), ethvl acetate (A)) All reagents
were of commercial quality. Solvents were dried prior to use when deemed necessary.
General procedure for the synthesis of amide derivatives 2:

To a mixture of 3-aminopyrazine-2-carhoxvlic acid (714 mg, 5.13 mmol) and L-proline methyl ester hydrochloride

{ 1020 mg. 6.16 mmol, 1.2 equiv ) in dry DMLE (30.0 mL) was added dropwise DEPC (93 %, 1.00 mL. 6.16 mmol
2 equiv.) and triethylamine (1.70 mL. 12.2 mmol, 2.4 equiv.), respectively at 0 °C. The resultant soiution was



stirred at 0 °C for T hand at 40 °C for i h under nitrogen. ' he mixture was diluted with ethyl acetate (500 ml.; and
washed with water (50 mL < 2), saturated sodium hydrogen carbonate solution (50 mL - 2), water (50 mL - 2)
and saturated sodium chloride solution (50 mL) successively. The combined organic layer was dried (MgSO,)and
evaporated under reduced pressure to afford the crude product, which was purified on a silica gel column
chromatography using A and H (1:2, v/v) as an eluent to give amide derivative 2b (oil. 1259 mg. 5.03 minol. 98

%9). The other amide derivatives 2a and 2¢ - 2j were obtained by the similar method (see. Table 1).

N-Methoxycarbony 1yl thyl-3-aminopyrazine-2-carboxamide 2a:
sen o b P | PR s omec (1.1 il 7Y 0 NS — N 1O 4 A L1 1.1 pigh DI § » RV VAL L

A mixture of svi and anti rotai lClb(l.l) vicia 72 %o, Rf = G0 {AIR 1 1) oil; IR {neat) 3456. 3339, 1748. 1630
~e e 10 g e c

cm H NMK((.I)(I 200 MHz) 8 8.07 (0.511.d. ./ =24 Hz). BO4(0.511.d..J
=26Hz).789(05H.d,./ 24 H/) 7.77(05H. d,.J =24 Hz), 612 (1H, br), 581 (1L br). 439 (111.5).4.26
(1H. s), 3.80 (1.5H, s). 3.76 (1.5H, s). 3.25 (1.5H, s). 3.20 (1.5H, s); “C NMR (CDCly, 50 MHz) 6 170.52.
169.96, 168.59, 168.15, 155.68, 154.77, 145.02. 144.65, 13212, 131.68, 131 35, 130.24,53.75.52.49_52 35,
50.21, 38.65, 36.79. MS (El) m = (rel. intensity) 224 (77 %o, M), 165 (57). 122 (64), 102 (61). 95 (54). 94 (100),
67 (31). MS (C1) 225 (MH). HRMS Caled. for CgH,,N,0, 224 0909 Found 224.0911: Anal. Calcd. for
C H N, O C 4821 H.5.39: N, 24.99. Found C. 483 1;\' H. %4} N.24 87

1609 1435, 1213, 1076, 1034
2

X
A mixture of syn and unt/ rotamers(57:43);y|eld 98 %: Rf=0.18(A:H 1:1); oil;|(1]035:—52.3°(C().68. CHCl,);
IR (neat) 3441, 3329 2984, 1744, 1613, 1441, 1209, 1038. 754 em™!, 'H NMR (CDCI,. 200 Milz) & 8.06
(0431L.d.S 24 112).8.03(0.57H.d,./ 24 1H7), 78704311, d..7 2412, 7.72(0.57H.d..7 24117), 654
(1141, bry, 6.28 (0.86H, br). 5.06 (0.57H, dd. ./ = 83, 3.3 Hz). 4.65 (0.43H,dd../ 7.8.4.8 Hz). 4.08-4.00 (1H.
m). 3.96-3.70 (1H, m), 3.78 (1.29H, 5). 3.69 (1.71H. 5), 2.34-1.88 (4H, m): '*C NMR (CDCl,. 50 Mliz)
87, 173.25%_166.50*, 166.28, 156.96, 155.72* 145.35 145.12* 131.81*%_ 130.84, 130.70, 129.73*%_62.23.

S50% 52.20*% 5044, 48.68,32.00, 28.71* 25 71* 21 86_ the peak of minor nrndm*t was shown such

\J PR VeLi S

m = (rel. intensity) 250 (35 %, M), 191 (31), 128(100), 122 (39), 94 (42). 70 (15): MS(C)

/\ A

. Found 250.1068: Anai. Calcd. for C, \H, ,N,O;: C. 52

=X

06
H.564: N, 2239 Found C, 52.89; H, 5.66; N, 22.27.

Ethyl (2RS,4R)-N-(2-aminopyrazinecarbonyl)-2-phenylthiazolidine-4-carboxylate 2c:

A mixture of svi and «nii rotamers (9:5). yield 75 %, R/ =041 (AH 1:1): 0il, IR (neat) 3461. 3341, 2982, 1748.
16241599, 1437 1192 cm™'; 'H NMR (CDCI3, 200 MHz) 8 8.07 (0.64H . d..7 - 2.2 Hz). 784 (0 3611.d../ 24
Hz), 7.79-7.75 (2H. m), 7.59 (0.64H, d../ = 2.2 Hz), 7.54 (0.36H, s). 7.40-7.14 (3H. m). 6.94 (0.3611, s). 6.55

.—.

ED)
1 TN, 11 Q it 4 O ~N g
STMH) HRMS Caled. for C| | H | N0, 25

(0.64H, s), 6.49 (1.29H, br), 5.92 (0.71H, br), 5.55(0.64H, dd, ./ = 6.7, 5.1 Hz), 5. 17(0.36H.t,.7 = 6.8 Hiz). 4.34
(1.29H, q,/=7.1Hz), 429 (0.71H, q,./J= 7.1 Hz), 3.46 (0.36H, d, /= 6.8 Hz). 3.41 (0.64H,d../=6.8 Hz;, 3.36-
3AG(HH, m), 137 (LO7H, &,/ = 7.2 Hz), 1.31 (1.93H, ../ = 7.2 Hz), C NMR (CDCl;, 30 MHz) 8 171.42
170 20% 166 81, 166 65*_ 156.26, 154 .86* 146.06. 145.16* 141.06* 13992, 131.46%. 130.89_130.76*_ 130.19,
12871, 128.38* 12823, 12793* 12711, 126.92% 69.53, 68 95* 66.35.65.92* 62.98* 61.69, 3522 31 78*.

14.29, 14.23% MS (ED) m - (rel. intensity) 358 (2 %, M), 237 (11),. 236 (100), 122 (8). 94 (14). MS (Cl) 359
(MH): HRMS Caled. for C ;1 (N ,O;5 358.1100. Found 358.1089. Anal. Caled. for C ;H,,N,0,S: C.56.97: H.
506N 1563 Found C, 5710 H, 508 N, 1548,

N-Benzyl-N-methoxvearbonvimethyl-3-aminopyrazine-2-carboxamide 2d:

P ) - . :1- . b} TILY O A
A mixture of sy and errti rotamers (11 vield 95 %6 RF 036 (AH 1) il IR (ncat) 3468 3353 3017 1748,
£20 1 £46V72 1427 17185 1144 QOO0 & e | Illkll\ﬂl‘) T Ve AN RALT v @ O NG 1L 1 I IR R Y 7 01
1632 1603. 1437, 1215, 1 146, 999 756 cim™'. 'H NMR (LLJ\_I}, 200 MHZ) o 8.05(1H, ../~ 2.0 Hz), 7.84
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(0.5H, d. J = 2.6 Hz). 7.77 (0.5H, d,J = 2.4 Hz), 7.39-7.30 (SH. m), 6.23 (1H, br), 5.88 (11, br), 4.88 (111, 5),
4.83 (1H, 5), 4.26 (1H, s), 4.09 (1H, s), 3.76 (1.5H, s). 3.72 (1.5H, 5). *C NMR (CDCly, 50 MHiz) § 170.68,

170.09, 168.70, 168.18, 155.86, 154.69, 145.20, 144.77, 136,66, 136.42, 132.32, 131.74,131.35,130.20, 129 11,
129.06, 128.69, 128.43, 128.31, 128.11, 53.80. 52.47, 52.29, 51.40, 50.57, 47.06; MS (EI) m = (rel. intensity)
300 (13 %, M), 179(9), 178 (100), 118 (11),94 (11),91 (30); MS (CI) 301 (MH); HRMS Caled. for C,sH (N0,
300.1222, Found 300.1238; Anal. Caled. for C,sH,N,0;: C, 59.99; H, 5.37; N, 18.66. Found C, 60.15: H, 5.46;
N. 1841

A Ronrvi A athavvecarhanvimathvl. _aminanvrazina.Y.carhavamide Yo
i¥ u(«lll:"’ | v LlllUA! Lal ULl yilmuiie T ann lllul’J 1T ALINTVUT & Ldal UUVAATIIIIUL &L

o) o~ R f\n,’, VLo OV YD A LTI T, AP | TEY /oo i\ DAL A N0 A 1”44
/\ ml‘(lur(f OI \‘-’” and anii rotamers “ UL LALLT 1 .L), Ol I (NCAL) 2304, D047 2904, 1 /44,

(t:1) vie , 2); oil: at 4, S,
1632, 1607, 1439, 1202, 1146, 1001, 756 cm™!; 'H NMR((.DLI 200 MHz) 8 8.04 (1H, d../J = 2.4 Hz), 7.84
(0.5H,d,.J=26Hz), 776 (0.5H,d,.J =24 H7.), 7.38-730 (5H, m), 624 (1H, br), S 88 (11, br), 4 88 (111, s},
481 (1H,s), 425 (1H,s), 422 (IH,q./=72Hz), 416 (It q../=72Hz), 408 (1H,s), 1 28 (1 5H, ../~ 72
Hz), 1.23 (1.5H, t,./ = 7.2 Hz); ’C NMR (CDCl3, 50 MHz) 6 17012, 169.57, 168.64, 168.20, 155 82, 154.58,
14510, 144,63, 136.69, 136.43, 13297, 132.31,131.26, 13033, 129.07, 129.03, 128 69, 12840, 128.27, 128.06.
61.60, 61.28, 53.73, 51.44, 50.75, 47.16, 14.18, 14.13: MS (El) m = (rel. intensity) 314 (9 %, M), 193 (10), 192
(100), 122 (7), 118 (11), 94 (12), 91 (27). MS (CI) 315 (MH); HRMS Calcd. for C|;HN,O0; 314.1379. Found
led

3

[y L1 1400 C"I"1 N 1770 L1 A1 00

4 1101. al Cala B 1%
Ji4.1505, Anal. Laica. 101 \’IGHIR”slU? L, OL.14, 11, 0.7/, iN, 1/.02. ruuuu\_ Or.41.n
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Diphenyimethyi)-~V-methoxycarbonyimethyi-3-aminopyrazine-Z-carboxamide 2
A mixture of sy and unti rotamers (7:5); yield 69 %: R = 0.39 (A:H 1:1); oil; IR (neat) 3474, 3356, 3029, 1748,
1630, 1603, 1449, 1213, 754 cm™!; '"H NMR (CDCl,, 200 MHz) 6 8.03 (1H.d,.J = 2.4 Hz), 7.81 (0.42H.d../ =
2.2 Hz), 7.78(0.58H,d,.J = 2.4 Hz), 7.34-7.21 (101 + 0.581, m), 6.96 (0.4211,s), 599 (1.17H. brs), 5.66
(0.83H, brs), 4.57 (1.1711,5), 419 (0.831, 5), 3.53 (1.25H, ), 3.29 (1.75H, s); '3C NMR (CDCl,, 125 MHz) 8
170.34, 1694716941, 168.83, 155.16, 153.90, 144.66, 144 31, 138.79, 138.70, 132.60, 132.25, 131.61, 131.10,

12929, 12900, 12877 12875, 128 13, 12797 6584 6229, 52.35,52.13, 48 73, 46,13, major and min

.......... Ao Anrild st s Alctisas chad NACQ /DTN - f el arbnsiosba) DTL AN O ARAY VEL 10N DELA S INNY 1477 /1(‘\‘
LOIMPOUUTIVUD VOULU TTOL DT UIDEIIEUIDHCU, IVED (1) 770 &« UICL THWCHDILY ) 2 /0 (& 70, VL), 202017 ), 499V 1VV]), 10U/ L0,
165 (13), 91 (19), MS (Cl) 377 (MH), HRMS Caicd. for C, H,,N,0; 376.1535, Found 376.1527; Anai. Caicd

for C, \H,oN,0;: C, 67.01; H, 5.36; N, 14.88. Found C, 67.21; H, 5.41; N, 14.63.
N-Methoxycarbonylmethyl-/V-(4-methoxyphenylmethyl)-3-aminopyrazine-2-carboxamide 2g:

A mixture of svi and anti rotamers ( 1:1); yield 100 %: 2f=0.26 (A:H 2:1}); oil; IR (neat) 3459 3347 1748, 1628,
1613, 1512, 1437, 1248, 1209, 1177 cm™!; 'H NMR (CDCl5, 200 MHz)  8.05 (0.5H, d,./= 2.6 Hz), 8.03 (0.5H,
d,./J=24Hz), 786 (0.5H,d,./=2.6Hz), 7.75(0.5H,d,./=2.4 Hz), 7.32-7.24 (2H, m), 6.91-6.83 (2L, m), 6.16

(1H,brs), 5.80 (1H, brs), 4.79 (1H,s), 471 (1H,'s), 422 (1H.'s), 4.06 (1H, s), 3.795 (1.5H, s), 3.790 (1.5H, s),

3.75(1.5H, s), 3.70 (1.5H, s); 13C NMR (CDCl,. 50 MHz) 3 170.74, 17015, 168.56, 168.12, 159.87, 159.70.

155.82, 154.60. 145.14, 144.68, 132.37,132.03, 131.37, 130.35, 130.23, 129.89, 128.63, 128.21, 114.44 (inciuded
44 )

0 3,i29.8
isomer), 55.44 (included 1somer), 53.13.52.48. 4, 50.26, 46.69: MS (EI) m - (rel. intensitv) 330 (5 %o,
M), 209 (10). 208 (100), 148 (8). 121 (22); MQ((‘!)Z’):I (MH): HRMS Calcd. for C,H ¢N,0, 330.1328. Found
330.1325: Anal. Caled. for C | 11,4N,O, C. 58 17. H, 549, N, 16.96. Found C, 58.45. H,551. N, 16.66.
N-(2, 4—D|methmyphenylmethvI)—/\-meth(»xycarbonvlmethyl-.}-ammopyravme—Z-carboxamlde 2h:

A mixture of svn and anti rotamers (7:5): yield 80 %: £ = 0.35 (A:H 2:1); oil; IR (neat) 3461, 3337 2988 1750,

1613, 1508, 1439, 1292, 1209, 1034, 984 cm™': "I NMR (CDCl;, 200 Mtiz) & 8.06 (0 58, d../ - 2.4 Hz). 8.02
MNAODXH A =7 ALl 7AN NSRRI A J=7A L7\ 775/0A] A JT=7241\ 73210 1" 1 d J=R8Hzy 71?7
TV, Uy o/ ._.‘tllLl 7.7V \V.JO1L, M, LW L) FAVITLL u, ./ ST oLy, Ty a4 B IR ¢ TPy [e 3o I8 V4 N A
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(0.58H, d, J = 8.2 He), 6.50-6.40 (2H, m), 6.07 (0.83H, brs), 5.72 (1.17H, brs), 4.79 (0.83H, s), 4.72 (1.17H, s),
4.35(0.83H.s),4.14 (1.17H, s), 3.804 (3H, s), 3.792 (1.25H, s), 3.73 (1.75H, s), 3.705 (1.75H, s}, 3.695 (1.25H,
s); 13C NMR (CDClg, 50 MHz) 8 170.99* 170.26, 168.57, 168.00*, 161.38, 161.05*, 159.26 (included isomer),
155.58*% 154.29, 144.77*, 144 .16, 133,18, 132.38, 131.74* 131.37* 131.13, 131.05% 117.13*,116.49, 104.63*,
104.34, 98.68 (included isomer), 55.53 (included 1somer), 5548, 55.35* 5238, 52.21* 50.88* 4867, 46.72,

45.98*. MS (El) m = (rel. intensity) 360 (7 %, M), 239 (14), 238 (100), 178 (8), 151 (15), 121 (6): MS (CI) 361

(MH): HRMS Caled. for C;H,N,O; 360.1434, Found 360.1436; Anal. Caled. for C,,H, ,N,O,: C, 56.66: H,
S K8Q- N 18 &85 Faund (™ SA77 -1 S AN 15 41
ST OING M 0, TUMINIA O, DU 7T 1, J.Us, J‘, [ & O

i 4 1 3 2

N-Benzyi-N-({15)-i-methoxycarbonyi)ethyi-3-aminopyrazine-2-carboxamide 2i:

A mixture of syn and anvi rotamers (3:1); yield 99 %: Rf - 0.34 (A:H 1:1): pale yellow solid; mp 63-64 °C: [a] | 30
= -39.2°(c 0.68, CHCI,); IR (KBr) 3463, 3351, 1742, 1626, 1613, 1439, 1155 cm™'. 'H NMR (CDCl,, 200 MHz)
5806 (0.25H,d,./ 2.0Hz), 800 (0.75H.d,./=2.6 Hz), 7.80 (I1H,d,./ = 2.4 Hz), 7.44-7.24 (5H. m), 6.03
{0.5H,brs), 5.84 (1.5H, brs),5.11 (0.25H, d,./= 16.0 Hz), 4.88 (0.7511,d,./ = 15.6 112).4.78 (0.75H. d../ = 16.0
Hz),4.46 (0.25H,d,./ = 15.6 Hz), 420 (1H, q,./J=7.0 Hz), 373 (2.25H,s), 3.63 (0. 75H,s), 1.47 (3H.d../ = 7.0
Hz); BC NMR (CDClL,, 50 MHz) 8 172.79*, 172.32, 168.96% 168 23, 155.57* 15471 144 86* 144 52 138 24%
137.09, 132,13 (this peak may be included a peak of major product), 131.65*_ 131.08*, 128.79 (included isomer).

NAk 137 1 ALKk L& n’w £V LN £ AA s AQ AN 1 b LR

128.32, 128.04* 12738 (included isomer), 57.45*,55.93, 53.50, 52.44 (included isomer), 48.49*, 16.37*, 14.54;
MS (EI) m - (rel. mtensnv) 314 (10 %, M), 193 (14), 192 (100), 132 (19), 94 (15),91 (35); MS (CI) 315 (MH);,
HRMS Caled. for C, H,4N,O; 314.1379, Found 314.1377; Anal. Calcd. for C, H,(N,O;: C.61.14: H. 5.77: N,
17.82. Found C,61.22;: H, 5.80; N, 17.71.
N-((18)-1-Methoxycarbonyl)ethyl-V-(4-methoxyphenylmethyl)-3-aminopyrazine-2-carboxamide 2j:
A mixture of sy and anti rotamers (3:1); vield 95 % Kf 0.14 (A:H [:1); oil; [uj,l._)z*‘ - -21.4° (¢ 0.52, CHCL,):
IR (neat) 3463, 3351, 1742, 1613, 1514, 1246, 1177, 1155 cm!; '"H NMR (CDCl,, 20
6.8 1.d,./ - 88Hz
= 15.4 Hz), i
7.

)

i
15.4 Hz), 4.44 (0.25H,d, /=156 Hz), 4.13{0.75H1, q,./ = 7.1 Hz), j80(3H' s), 3.73 :
1.46 (3H. d, ./ = 7.0 Hz); 13C NMR (CDCl,, 50 MHz) 8 172 81*, 172 38, 168 95*, 168.07, ]\960 159.59*_ 155,
54* 154.68, 144 83* 144.48, 132.34 (included isomer), 132.25, 131.72%, 130.25%,129.79, 128.96*_ 128 87,
114.18, 114.04*,57.37* 55.81, 55.41 (included isomer), 53.08, 52.46 (included isomer), 48.00*, 16.40*_ 14.54;
MS (El) m = (rel. intensity) 344 (8 %, M), 233 (27), 222 (100), 162 (32), 121 (47). 94 (10); MS (Cl} 345 (MH);
HRMS Calcd. fnr(“ ,H. N.O. 344 1485, Found 344.1489; Anal. Calcd. forC ..H,. N,O,:C,59.29: H, 5.5, N,

PLUEAT St B VR S 200744
2’7 EFamind O ‘ZQAA-LI SQ1- N 1A 06

f. DRI L, ST, IR, S, 1Y, RVLUNVL

16.
General procedure for the synthesis of 4 and/or 5:

‘To a mixture of 2b (152 mg, 0.61 mmol), triphenyiphosphine (239 mg, 0.91 mmol, i.5 equiv.) and hexachloroethane

(216 mg, 0.91 mmol, 1.5 equiv.) in dry benzene (5.0 ml.) was added dropwise triethylamine (0.25 mL. 1.79 mmol,

3.0 equiv.). The mixture was heated at reflux in benzene for 2 h. After cooling, the mixture was filtered to remove

the precipitates (Et;N-HCI) and the filtrate was evaporated under reduced pressure. Then the residue was diluted

by dry xylene (9.0 mL) and the mixture was heated at reflux in sealed glass tube for 24 h. The rcactant was

evaporated under reduced pressure to give a solid residue, which was puritied on a silica gel column chmmdtoudnh\
i
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demn Aavicrntinian A A AL ot b d_ 1 T
1IC GETIVAalives 4a, 4C - 4j anda ne cormesponaing nyaro lytic compoun(ls 5a, Sc¢ - Se and

Sg - 5j were also obtained by the similar method (see, Table 2).

1

3,4-Dihydro-2-methoxy-4-methyl-pyrazino|2,3-¢]|1,4]diazepin-5-one 4a:

Yield 50 %; Rf=0.08 (A); oil; IR (neat) 1651, 1535, 1385, 1358, 1283, 1190, 1020, 752 cm™'; 'H NMR (CDCl,,
200 MHz) 6 8.64 (1H,d, J = 2.0 Hz), 8.58 (111,d../ =22 Hz),4.06 (3H, s), 3.92 (211, s), 3.31 (3H, s). '*°C NMR
(CDCl;, 50 MHz) 8 166.54, 165.28. 153.14, 146.28, 141.49, 140.46, 55.93. 48.64_, 36.85, MS (El) m = (rel.

intensity) 206 (100 %, M), 191 (29), 177 (7), 149 (15), 148 (56), 120 (63), 93 (8): MS (C1) 207 (MH); HRMS

FAATER RV,

Caled. for CyH|,N,0, 206.0804, Found 206.0802.

T A Nehoden A ont .yl ......... 1Y 2 001 AL Al onoaliunn D S0 I XS
3,4-Dikydro-4-niethyl-pyrazino|2,3-¢j|1.4]diazepine-2,5{1 H}-dione 5a:

Yield 34 %; Rf=0.11 (A); pale yellow solid; mp 252-254 °C; IR (KBr) 1699, 1661, 1418, 1397, 1358, 1167. 984,

876 cm'i; IH NMR (DMSO»dG, 200 MHz) 8 11.14 (1H, br), 8.61 (1H, d,J=2.4 Hz), 8.57 (1H, d,.J = 2.2 112),
4.05 (2H. s), 3.14 (3H, s); '3C NMR (DMSO-d, 50 MHz) & 170.00, 164.09, 146.67. 145.62, 141.02, 137.95.
51.93,35.80; MS (EI) m = (rel. intensity) 192 (96 %, M), 164 (25), 163 (100), 135 (10), 121 (19), 93 (35). 66
(19): MS (CI) 193 (MH). HRMS Calcd. for CgHgN,0, 192.0647, Found 192.0649.
(11a8)-1,2,3,11a-Tetrahydro-11-methoxy-pyrazino|2,3-elpvrrolo|1,2-al|1,4|diazepin-5-one 4b:

Yield 77 %:; Rf=0.20 (A:M 10:1); oil: {alD'“— 1294 7° (¢ 1.7, CHCL,); IR (neat) 3474, 709@, 1651, 1535, 1462,

1387, 1329, 1279, 1167,997, 839, 752 cm}; 'H NMR (CDCl;, 200 MHZ)S 8.65(1H,d, /2.2 Hz), 857 (IH,

LA I - R I 6.2 KA ~

d,.J=22Hz),4.17-4. 13 (1H. m), 4.05 (3H, s), 4.01-3.93 (1H, m), 3.67-3.53 (iH, m), 2.76-2.66 (iH, m ), 2.24-
1.99 (3H, m); i3c NMR(CDLI1 50 MHz) 6 166.13, 163.24, 152.58, 146.32, 141.10, 140.09. 5599, 54,94,
47.45,26.67,23.76. MS (El) m = (rel. intensity) 233 (10 %, M+1) 32(66, M), 218(8). 217 (65), 148 (100), 120
(73).93 (8); MS (CI) 233 (MH); HRMS Calcd. for C|;H,N,0, 232.0960, Found 232.0981.
(11a5)-1,2,3,11a-Tetrahydro-pyrazino]2,3-e|pyrrolo|1,2-a}|1.4|diazepine-5,11(10H)-dione Sb:
Yield 18 %: Rf=0.08 (A); pale yellow solid; mp 115-117 °C: [a] 23 = +110.8° (¢ 1.2, DMSO): IR (KBr) 34
223, 1701, 1647, 1414, 1236, 752 cm™'. "H NMR (CDCI,, ()()MHﬂhQ 73 (1H, br),865(IH.d,./=2
1

l-,\

P AV 8N L

) 2
Q.7 99
i FAFAR VS

_...t
C
]

4 2
AY (1L A T=972 U\ 42727412 Y 2082 RQA11Y may T 7Q.2 A5 (1 + 2 - 1 my D 'I._!d'7
Ocvir, 4, T 2.2 ), 4.205=5.10 i1, {ilj, 53.73=5.0% (111, 1ii), 5./75-5.00 (i, i), £ Vi, M), €0 7=1,77
Pt R kP I G N NPT ST SN RAVI_A S 170 £0Q 1773 AQ 14 O £1 141 £Q 170 AN - 2 0% Y AD
. . L L . . N AL, &L N
{(oH, m), “-C 1\4 VlKlLUle, DU IVIHZ) O 1 /11,08, 1DL.406, 14 D1, 141,00, 1020.UU 7U> AL, 20.4Y

170.58, .
23.23; MS (EIl) m - (rel. intensity) 218 (57 %, M), 189 (34),
(C) 219 (MH): HRMS Caled. for C, H,,N,0, 218.0804, Found 2 18,08()5.
(3R or 35,11aR)-11-Ethoxy-3-phenyl-1H,3H-pyrazino|2,3-e|thiazolo|3,4-a]|1,4]|diazepin-5(1 1all)-one 4c:
(1) Yield 16 %: Rf= 0.24 (A); oil; [a]D” =-99.2°(¢ 0.50, CHCI,); IR (neat) 2992, 1651, 1387. 1024, 752 em !
'H NMR (CDCly, 200 MHz) 6 8.77 (1H, d, ./ ~ 2.2 Hz), 857 (1H. d,/= 2.2 Hz), 7.38-7.22 (5H, m), 6.66 (1H.

$),470 (1H,d, /=64 Hz), 461 (1H,dg, /= 10.8,7.2 Hz), 452 (1H,dq../= 10.8, 7.2 Hz), 3.70 (1H,d, ./ = 126
U-.\ WL A T 1Y AA LTy 1T AA (I ¢+ T =T Lio 13" NNMIR Ql) !\ H2v A 144 0Q 168D 10O
Jo J.O7 L L, UL I YLV, UTTY HIL), LTV LU ED, L, LS BV A AR A FN AVELEL ) U a7 Ui.iv,

("
IVIIN \\,l
5

2
S

; | S 2
20
3]
o .
N
Uv
Lh —
3\

I

1.96, 146.84_ 141,40, 14046, 140.17, 129.04, 6.32,65.53, ¢ 8 .k().l& 13.90; MS(El) m
= (rel. mlensny)34i (16 %, M+1), 340 (100, M), 195 (21). i76(“) 162 (20), 148 (15), 121 (16), 120(29). MS
(C1) 341 (MH): HRMS Calcd. for C;11,;N,0,S 340.0994. F'ound 340.0995.

(2) vield 21 %: Rf = 0.21 (A): oil: [a‘|D27 = +321.4° (¢ 0.90, CHCl,): IR (neat) 2990, 1651. 1385, 1316. 1269,
1022, 754 em™; TH NMR (CDCl,, 200 MHz) § 8.69 (1H.d, /=22 Hz), 8.62 (1H,d../ 2.2 Hz), 7.36-7.28 (5H.
m), 6.75 (1H,s), 457 (1H, dq,./ = 10.8, 7.1 Hz), 4.51 (1H.dd../ = 8.7, 7.3 Hz), 4.47 (1H.dq,./ = 0.8, 7.1 Hz),
383 (1H.ddd. ./ 12.6.86.04 Hz),3.27(1H, ddd,.J = 124,72, 0.5 Hz), 1. 31 (3H.t../=7 1 Hz). *C NMR

(CDCls, 50 MHz) 5 164.08, 162.79, 152.89, 146.85. 141.70, 139.24, 138.62, 128.69, 128.42. 126 .48, 67.12.
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LE AN £0 210 M0 0A I‘)"lﬁ.klcrr?l\__,__e/_ ___________ Al [0/ A A 1N ﬂ,ll\/!f\ »
053.42,50.0Y, 2Y.04, 15.70, Md (K1) M = \r mcnbuy).a I (20 %, M+1), 340 (100, M), 195 (l T, 176 (21), 162
(19), 148 (14), 121 (17), 120(22): MS (C1) 341 (MH); HRMS Calcd. for C,;H,,N,0O,S 340.0994, Found 340.0992.

(3R or 3S,11aR)-3-Phenyl-1H,3H-pyrazino|2,3-¢|thiazolo|3,4-a][ 1,4]diazepine-5,1 1(10H,1 1aH)-dione Sc:
(1) Yield 22 %: #f= 0.35 (A): pale yellow solid; mp >280 °C: [a] , 27~ +14.4° (¢ 0.42, CHCL,): IR (KBr) 1713,
1663, 1400, 1233 cm™!: '"H NMR (DMSO-d, 200 MHz) 8 11.40 ( IH, brs) 869 (1H,d,/= 2.2 Hz), 861 (1H,
d.J=22Hz), 7.39-7.27(5H, m), 6.51 (1H, ), 5.31 (1H,d,./ = 6.0 Hz), 3.66 (111, d,./ = 12.4 Hz), 3.18 (1H, dd,
J=123.6.1 Hz): *C NMR (DMSO-d,, 50 MHz) 8 169.46, 160.78, 146 35 14545 142,38 141.20. 137.79.

& £.36 FAVE
12866 127 58 12519 6580 60.16. 2005 MS(El ;1 ~(rel intensityY 31341624 M1y 2124100 My 175
LSOOV, 1L I8, 18l 7, VU007, VY s e SV VAN AL J e IO HHINGIIIY [ T 1T L TY /O, IVET R ), 214 LIV, VI, 1 /Y
10y YTEA 1Ny 1LY /26N 1£Y (N 12T 410y 1791 718 RNAQ 471y D8 (RATTN, TIDAAQ £ N_ 11 . _ 7%V 1T NI o
VE7 ), 10T LIV 105 {30), 10L 14V, 127 (11U, 121 (10) VIO (U1) 210 (IViL1), FIKIVID Lalca. IOTLH |~,N4U7b
312.0681, Found 312.0680

(2) Yield 23 %: Rf = 0.29 (A); pale yellow solid; mp >280 °C; [a] 27 =+32.5°(¢ 0.22, CHCL,). IR (KBr) 1698,
1665, 1399, 1240 cm!; 'H NMR (DMSO-d,, 200 MHz) 5 11. 48(IH brs), 8.69 (1H,d, /= 2.4 Hz), 8.63 (1H,
d,./=22Hz), 7.40-7.21 (5H. m). 6.52 (1H, s), 5.00 (1H, dd,./ = 7.2, 5.0 Hz), 3.64 (1H, dd../ = 12.0, 5.0 Hz),
340 (1H. dd,J = 11.8, 7.2 Hz); '*C NMR (DMSO-d,. 50 MHz) & 170.16. 161.59, 146.49, 146.43, 141 29,
13996, 136.62, 128.69, 12817, 126.48, 66.65, 60.18,29.63. MS (El) m
(100, M), 176 (18), 163 (34) 162 (211, 137 (10); M
Found 312.0681.
4—Benzyi-3,4-dihydro~2—methoxy~pyrazinoi2,3—ei ji,4jdiazepin-5-one 4d:

Yield 76 %: R/ =0.19 (A): oil: IR (neat) 2998, 1651, 1356, 1279, 1190, 754 cm™': 'H NMR (CDCl,, 200 Miiz)
0864 (1H,d,./J - 2.2 Hz), 861 (1H, d../J=22 Hz), 7.38-7.34 (5H, m), 4.89 (2H. s), 3.88 (311, s), 3.82 (2H. s):
3C NMR (CDCl; 50 MHz) 6 166.96, 165.28, 153.27, 146.38, 141.50, 140.44, 136.11, 129.19, 128.82_128.48,
55.64,52.05,4591; MS (EIl) m = (rel. intensity) 283 (16 %, M+1), 282 (89, M), 177 (15), 150 (22), 149 (100),
120 (11), 91 (46), MS (CI) 283 (MH); HRMS Calcd. for( sH4N ()é 2821117, Found 282 113(
4-Benzyi-3,4-dihydro-pyrazino|2,3-¢]|1 4|dla7epme—2.5(lH)-d|o ne 5d:

21 x [ TN

Cﬂ
o
w
7
< L
L
[

V.a ADD O and D2 0L frnma Vel nnd Vo racmantivaly: 124 24 4 A 42 cmdid 2aam 1QOQ 1QN O IR (L7131 177}

Vi 22 7o an 25 Vo 1TOIN <G aina 2¢, u,spcu.wwv, i3y U.S0 (AL WHELE SOIiG: iy P iov-1>U CIIR(RDIj 1/U1,

l/fl\ 1 A1 4 177 4 ~ o ,,,_l lIl\ll‘n STNR AV L TAYA R W i8] > 1 1™ 117 1 Y 0O £ 117 i | r - MmN oTrY Y 0

100y, 1414, 1004, /22CmM ", ' NLVIK(UVDU-UG,.{ U MAZ)o 1115111, 0r), 8.02(1H,4.J = 2.2 HZ), .00
-~ m oew . mm o o mm = g R g 19 .~ sm e o = e e~ = -

(1H, d, /= 2.2 Hz), 7.36-7.30 (5H, m), 4.79 (2H. s), 4.07 (2H, s); '*C NMR (DMSO- d 50 MHz) 8 170.10,

164.20, 146.73, 145.78, 141.07, 137.55, 136.98, 128.93, 128.16, 127.89. 51.58, 50.66: M‘?(El)m-(rel intensity)
269 (15 %, M+1), 268 (100, M), 135 (23). 106 (73), 91 (64), 65 (11): MS (Cl) 269 (MH): HRMS Caled. for
C,H,N,0, 268.0960, Found 268.0963.

4-Benzyl-3 4—d|hydro—2-eth0xy—pyrazmo|2 J3-¢e}|1,4]diazepin-5-one de:
Yield 54 %; R/ = 0.21 (A); oil; IR (neat) 2988, 1651, 1373, 1275, 1030, 75

1ivt V4 1270, 1417 LRV AV

-

-
-

{
A
(75. M) 191 (I’) 164 (16) 163 ( ()O) I3
C 611 N4O, 296.1273, Found 296.1275.
3,4-Dihydro-4-(1,1-diphenylmethyl)-2-methoxy-pyrazino|2,3-¢|{1,4]diazepin-5-one 4f:
Yield 26 % Rf=0.12 (A:H 2:1); white solid; mp 86-87 °C; IR (KBr) 2998, 1651, 1454 1387, 1279 1113.1022,

754, 704 cm” ‘ 'H NMR {CDCl,, 200 MHz) bx(ﬁ(IH d./=22Hz) 862 (1} 1.d../=22Hz) 742-7 34 (7TH,
it 7.30-7.25 (4. m). 3.90 (2H. ). 3.66 {3H. s} H NMR (CDClL.. 200 MHz) 8 167.30. 165.37. 15327
ifi), 7.5U-7.25 (411, iM1), 5.5V (<11, §j, 5.00 (511, S, INIVERN AL LU, 2UU VINZJ O 107,030, 10,57, 133,27,
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146.42, 141.58, 140. 44, 138.10, 129.17, 129.06, 128.38, 62.58, 55.25, 43.38; MS (EI) m = (rel. intensity) 359 (18
%, M=1), 358 (73, M), 182 (54), 177 (14), 167 (20), 165 (28), 152 (13), 150 (29), 149 (100); MS (CI) 359 (MH):

HRMS Caled. for C, H4N,0, 358.1430, Found 358.1432.

3,4-Dihydro-2-methoxy-4-methoxyphenyimethyl-pyrazino|2,3-¢][1,4]|diazepin-5-one 4g:

Yield 59 %:; Rf=0.06 (A); oil; IR (neat) 2996, 1651, 1512, 1277, 1248, 1026, 752 cm™!; 'H NMR (CDCl,. 200

MHz) 3 864 (1H.d../J=22Hz), 860 (1H,d,J =24 Hz)
|

H.d, s o
IR (7
S0 (D

‘i

ot
<
Z.
>
<
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wn
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Ot o

M+1). 312 (84, M), 177 (16), 150 (24), 1

CoH(NyO; 3121222, Found 312.1225.

3,4-Dihydro-4-methoxyphenylmethyl-pyrazino|2,3-e}|1,4]diazepine-2,5(1 H)-dione 5g:

Yield 19 %: Rf=0.16 (A); pale yellow solid; mp 184-185 °C; IR (KBr) 1699, 1657, 1416, 1238, 1163 cm™'; 'H

NMR (DMSO-d,;, 200 MHz) 8 11.09 (1H, br s), 8.61 (1H, d,./ = 2.4 Hz), 8.59 (1H, d, /=2 4 Hz)
H

=

intensity)

100), 135 (13), 121 (26), 109 (26); MS (CI) 299 (MH); HRMS

Caled. for C{H, N,0, 298 I()66 Found 298.1057.

3,4-Dihyd ro—4-(2,4-d|methoxyphcnylmethyl)—2-methoxy—pyrazino|2,3—e|l I,4ldiazepin-5-one 4h:

Yield 10 % £f'=0.06 (A); oil; IR (neat) 2936, 1653, 1615, 1508, 1464, 1209, 1159, 754 cm™!: 'TH NMR (CDCl,,

200 MHz) 8 8.61 (1H.,d, /=22 Hz), 858 (1H, d../ = 2.4 Hz), 7.37-7.24 (1H, m). 6.50-6.44 (2H, m), 4 84 (2H,
), 3.88 (2H + 3H. 5), 3.84 CDCl.. 50 MHz) 8 167.40, 165.15, 161 43, 159.20,

8

O 142

<

S

a
15
i

-1 ~ -
A 18 5 Q ANAC
.10 O (o]

.‘”l

3
27 14 A ] ol 1NA AL SS AY (DY & £7 A& A0 A A- FE2TY gaa ~
Ry A B d 5 | B 2 U 4 L L, LU, N AU, JI0UD LA, Y .«'I,’f\) L, “a ., 1V} Vi y e -
(rei. infensity) 343 (14 %, M+1), 342 (70, M), 166 (100), 164 (14), 163 (34), 151 (26), 150 (19), 149 (85), 121

(23). MS (C1) 343 (MH); HRMS Calcd. for C;H,4N,O, 342.1328, Found 342.1322

3,4-Dihydro-4-(2,4-dimethoxyphenylmethyl)-pyrazino|2,3-¢]{1,4]|diazepine-2,5(1 H)-dione Sh:
Yield 32 %; R/“ 0.11 (A); pale yellow solid; mp 191-192 °C; IR (KBr) 2996, 1709, 1644, 1508, 1418, {211,
1159, 1130 cm™': 'HE NMR (DMSO-d,, 200 MHz) 8 10.59-10.52 (1H, br s), 8.60 (1H, d,./ = 2.4 Hz), 8.57 (IH,
1H, d,./7=872 Hz} 6.57 IH,d,/=24Hz), 650(1H,dd,./=84,24Hz) 465(2H, s), 3.98

E et T N is

.

O
™
o
(]

oc ]
ZI

0

~J

0
TG
>
J

. 50 MHz) 8 170
. 3, i 1
12 %, M+1), 328 (64, M), 167 (14), 166 (100), 151 (19
C\H(N4O, 328.1172, Found 328.1160.
(35)-4-Benzyl-3,4-dihydro-2-methoxy-3-methyl-pyrazino{2,3-¢}|1,4]diazepin-S-one 4i:
A mixture of svn and anti isomers (2:1); yield 61 %: Rf = 0.45 (A). white solid. mp 60-61 °C: 1(1] 7 1.8°(c 1.5,

CHCI,); IR (KBr) 2998 16961659, 1391. 1177, 750 em™': 'H NMR (CDCly, 200 Mi17) 8 8.62 (1H. d../ = 22
469

<

1L S43(033H. ./ 144117), 5030671 d../ 156 Hz

]
]

Jo 1A & Lix (N A&TL
o7 14O 11L). LAV RO

FrY
da

8 I
v / 1. Ll.-
347(3H s), 1.47 (2H, d, /= 7.0 Hz), 0.88 (iH, d, J = 7.6 iiz). *"C NMR (CDCliy, 50 Miiz) 6 17 i

166.01. 163.78% 149,13, 148.22* 14525, 145.02*, 141.61, 141.28* 140.74, 140.55*%, 137 75, 136.07*_ 120.26*,
129.08. 129.01. 128.63*, 127.87* 127.70, 59.70%, 53.49*%,51.94, 46 40, 33.15*% 32.24, 16.96* 12.98: MS (El)

m = (rel. intensity) 297 (11 %, M+1),296 (59, M), 205 (33), 191 (11), 165 (9). 164 (100). 165 (21). 91 (65). MS

8y

—~, -
U707,

f‘)
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I YQT (RALIN. LIDRMAC A1 OL 1777 Deatcad 0L 1970
V1) 277 (IVIT ), THRIVED LQILU lUI L.,'(rll(l““u? L V.1£72, Tound Y0 1.4/,
(35)-4-Benzyi-3,4-dihydro-3-methyi-pyrazinoj2,3-¢jj i ,4]diazepine-2,5-dione 5i:

Trace; Rf = 0.24 (A). pale yellow solid; mp 45-46 °C, [a] 3 =+11.2°(c 0.86, CHCl,); IR (KBr) 3000, 1711,
1653, 1414, 1225, 752 cmr'!; 'TH NMR (DMSO-d, 200 MHz) 8 11.17 (1H, br s), 8.63 (1H, d, /= 2.2 Hz), 8.60
(1H.d,./=22Hz),7.37-7.22(5H, m), 483 (1H, d,./ = 15.6 Hz), 4.65 (1H,d, ./~ 17.0 Hz), 4.54 (1H, q,./ = 6.0
Hz), 1.29 (3H,d,.J = 6.0 Hz) :13C NMR (DMSO-d,, 50 MHz) 3 171.23, 165.40, 146.30. 145.78, 140.99, 133. 18,
12871, 12728, 127.14, 50.97,45.18, 11.97_ one carbon could not be found; MS (El) »

- 3

0/ M+H ‘)R? n M\ |771|m Mnnm 149 ¢ 752 IAQHI 104/ (60 CIY IR (MY HRNMC
LOL - iy Vo, 17 \cO), TG TUY UV ), vi 1) L0 \LIVITT L ELINIVEID
MNalad £aw ™ 1 NI I8 1117 Eaeiead DCD 1101
Lailivud. 1vi \,!Sn14114uz LOL. 111/, FPOUNA 2321121,
-

(35)-3,4-Dihydro-2-methoxy-4-methoxyphenyimethyi-3-methyi-pyrazino|2,3-¢|| 1 ,4]diazepin-5-one 4j:

A mixture of syn and unti isomers (2:1): vield 85 %: Rf = 0.15 (A); oil; |a] 2 = 102.5° (¢ 0.54, CHCl,); IR (neat)
2996, 2949, 1651, 1514, 1246, 1177, 752 cm™'; 'H NMR (CDCls, 200 MHz) 5862 (1H,d,./=22Hz), 856 (111,
d,./=22Hz),731(1.33H,d,/=86 Hz),7.21 (0.67H,d, /= 7.8 Hz), 6.88 (1.33H.d, ./ = 8.6 Hz), 6.85 (0.67H.
d,J=78Hz), 523(0.33H,d,./ = 15.2 Hz), 5.09 (0.67H, d, J = 14.4 Hz), 4.60 (0.67H, d../ = 14.6 Hz). 4.52
(033H,d,.J=152Hz),4.22 (1H, q,.J= 7.6 Hz), 390 (2H, 5), 3.81 (3H, 5), 3.75 (1H, 5), 1.54 (1H. d../ = 7.2 Hz),

091 (2H, d,.J = 7.6 Hz). '3C NMR (CDCl,, 50 MHz) 3 168.69, 168.17* 166 44* 16449 159.93. 159 38*
187 QA% 18 N1 144 AA% 144 1Q 141 A% 141 NK 12N 4 l”)(’\ﬂ 1‘....]..,14\,! qonsmnesy 170 11% 170 AQ (il 151
1JL. 70 104V, 190599, 190,10, 17192, 191U, 10U 00, 127,70 (HICIUWUCU IDTTICT ), 127 1 7, 12097 (HICITUACU
isomer), 114.47, 114.26*, 55.64 (included isomer), 55.44 (included isomer), 55.25, 52 88.49.85* 45 36* 1628,

12.19%. MS (El) m = (rel. intensity) 327 (12 %, M+ 1), 326 (61, M), 191 (12), 164(18), 163 (100), 121 (20): MS
(Cl) 327 (MH); HRMS Caled. for C;,H¢{N,0, 326.1379, Found 326.1379.
(38)-3,4-Dihydro-4-methoxyphenylmethyl-3-methyl-pyrazine|2,3-¢||1,4|diazepine-2,5(1 H)-dione Sj:
Yield 11 %; Rf=0.26 (A), pale yellow oil; [a]DZ“=f+3.6°(c 1.1, CHCl,): IR (neat) 3000, 1713, 1701, 1651, 1543,
1512, 1414, 1248, 1225, 1177, 1032, 812, 754 cm!; 'H NMR (DMSO-d, 200 MHz) & 11.11 (1H, br s). 8.62
(1H,d,/=24Hz), 859 (1H,d,/=24Hz), 721 (2H,d,./ - 84 Hz), 687 (2H,d, /=86 Hz), 481 (2H d, /=

15.6 Hz), 4.53 (1H, d..J = 16.2 Hz), 4 52-4 42 (1H. m), 3.73 (3H, 5), 1.31 (3H.d,.J * 6.2 Hz), *C NMR (DMSO-
d.. 50 MHz) § 171.34, 165.40, 158.74, 146.36, 14580, 141.03, 138.36, 130.15, 128.78, 114.11. 55.20, 44.53,
12.07: MS (El) m = (rel. intensity) 313 (5 %, M+1), 312 (29, M), 150 (6), 149 (9), 137 (7), 136 (100), 121 (26);
MS (CI) 313 (MH); HRMS Caled. for C| (H,(N,O; 312.1222, Found 312.1226.
Reduction of 2b by DIBALH:

To a solution of 2b (140 mg, 0.56 mmol) in dry CH,Cl, (5.0 mL) was added dropwise DIBALH (0.93 mol/l. 0.60
mL, 1.0 equiv.)at—78 °C. The mixture was stirred at same temperature for | h. The reactant was added saturated
NH,Cl solution (1.0 mL) and was stirred at room temperature for 30 min. The mixture was added MgSO, to dry

..... Tha

over. The mixture was

>
]

pressure 1o give a solid residue, which was puritied on a silica gel column chromatography using A and H
v) as an eluent to afford 3-aminopyrazine-2-carbaidehyde 9 (19 mg, 0.15 mmol, 28 %) and starting materiai Zb
(59 mg. 0.24 mmol, 42 %). R/~ 0.66 (A:H 2:1); pale vellow solid: mp 98-100 °C: IR (KBr) 3407. 3274, 1686,
1620, 1532, 1435, 1181, 926 cm™!: "H NMR (CDCl,, 200 MHz) 8 10.06 (111, 5), 8.24 (1H, d../ 2.2 Hz). 8.09
(1H, d,./ = 2.2 Hz), 7.0-6.0 (2H. br). '"C NMR (CDCl,. 50 MHz) § 195.60, 155.07, 14859, 135.10. 130.96: MS
(El) m = (rel. intensity) 123 (100 %, M). 95 (55), 94 (8), 68 (25), 67 (21); MS (Cl) 124 (MH), HRMS Calcd. for
CHN,0 123.0433, Found 123.0431; Anal. Caled. for C{H N;O: C, 48.78 1 H.4.09 : N, 34,13 Found C.48.92:

CHgiv,L U
I 111-N 22 Q7
M, 4101, IN, 33,7/
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This compound was synthesized by the simiiar method of formation of 2. A mixture of syn and anri rotamers (4:3);
yield 100 %o; Rf=0.46 (A:H 2:1); oil; [(x] 28 = _69.6° (¢ 0.46, CHCI,): IR (neat) 3432, 3322, 2959, 2859, 1738,
1611, 1427, 1111, 704 cm™'; 'TH NMR (CDClq, 200 MHz) 6 8.03 (0.57H, d, J=2.4 Hz), 7.96 (0.4311,d,./=2.4
Hz), 7.87 (0.57H,d, /= 2.6 Hz), 7.71-7.54 (4H + 0.43H, m), 7.43-7.24 (6H, m), 6.17-6.14 (2H, br s), 5.04-4 94
(0.43H, m), 4.54-4.43 (0.57H, m), 4.02-3.66 (2H + IH +0.57H, m), 341 (0.43H.dd../=9.8, 7.4 Hz), 2.27-1.77

(4H, m), 1.06 (5.14H, 5), 1.01 (3.86H, 5); '3C NMR (CDCl,, 50 MHz) 8 166.42. 166.18*. 155.56. 155.40*,
144 62* 144 48, 136.02, 135.86*, 133.93, 133.79*, 132.07, 131.87, 131.62* 131.42* 130.02. 129.96*, 128.05,
127.97*, 64 .99%, 63.69, 59.74*, 59.69, 50.59, 47.91*, 28.97*, 26. 9‘8, 26.85*, 26.67*, 2523, 21.30%, 19.35,
19.25%. MS (LI) m = (rel. intensity) 460 (1 %, M), 405 (16), 404 (58), 403 (100), 199 (13), 191 (67), 122 (26), 94
(28). MS (Cl) 461 (MH); HRMS Caled. for C,6H3oNy O S1460.2295, Found 460.2296: Anal. Calcd. for

Cy4H1,N4O,81: C.67.79; H, 7.00; N, 12.16. Found C, 67.68. H, 7.05; N, 12.00.
Synthesis of N-{(25)-2-hydroxymethylpyrrolidine}-3-aminopyrazine-2-carboxamide 12:

To a solution of 11 (390 mg, 0.85 mmol) in THF (10.0 mL) was added a solution of TBAF (524 mg, excess) in

THF (2.0 mL) at room temperature. The mixture was stirred at ambient temperamre for 1 h and then was evanorated
ftord t . i si

using A and H (2:1, v/v) as an eluent to give alcohol denivative 12 (184 mg, 0.83 mmol, 98 %). A mixture

and anri rotamers (3:1); yield 98 %; /= 0.15 (A); oil; la; 7= _91.7° (¢ 0.36, CHC 15): IR (neat) 3436, )320.

1682, 1603, 1454, 1426, 1204. 1152, 1046, 754 cm'}; ‘H NMR (CDCly, 200 MHz) & 8.12 (0.25H. s). 8.06

(0.75H.d,.7 =24 Hz), 788 (0.75H, d, ./ =2.2 Hz), 7.81 (0.25H, 5), 6.27 (0.5H, brs), 6.15(1.5H, br s), 4.67-4.53

(0.5H. m), 4.50-4 38 (1.5H, m), 3.91-3.77 (3H, m), 3.63 (0.25H, br s). 3.59 (0.7SH, brs), 2.17-1.61 (4H, m), 13C

NMR (CDCl,, 50 MHz) 8 168.31 (included isomer), 155.91%, 155.44, 145.42* 144,95, 131.91.131.49*% 13045

{included isomer), 66.87, 64 61* 62 54, 59.93* 51.06, 46.07*,29.02* 2799 25722 21.22* MS(El)m = (rel.

intensity) 222 (10 %, M), 192 (10), 191 (80), 122 (73), 100 (100), 94 (81), 70 (38), 67 (14). MS (C1) 223 (MH);
HRMS Caled. for \,mn|41\44u2 2221117, Found 2

25.21. Found C, 54.24; H, 6.38; N, 24 98.

- Anal Calc n

1114 £ANA 1Y £ SN
Z 1114, Andl. Ladic u lUl L|0H141V4U2 k,J‘-} u4.1Mn,o

IN

h
N

6.35. N,
Synthesis of N-{(25)-2-(hydroxymethyl)pyrrolidine}-3-(triphenylphosphoranylidene)aminopyrazine-
2-carboxamide 14 from 11 (two steps):

Toa mixture of 11 (162 mg, 0.35 mmol), triphenylphosphine (138 mg, 0.53 mmol, 1.5 equiv.)and hexachloroethane

(125 mg, 0.53 mmol, 1.5 equiv.) in dry benzene (3.5 mL) was added dropwise triethylamine (0.15 mL, 1.08 mmol.

3.0 equiv.). The mixture was heated at reflux in benzene for 2 h to form N-{(28)-2-(O-rert-

hutvldichenvisiloxymethvhnvrrolidine! -3<trinhenyinhosnhoranvlidene\aminanvrazine-2-carboxamide 13 which was
Llu&_y lul!lll\rlllyl\.,llv:'\]lll\«'l' AJIIP"IIUIIUIAIU, -~ R l!_lll\-tllj IVIIUJPI i J INAW IV Jhei R Y IJJ wRaR RINFL l-l-llll\‘\-r 1 54 “lllvll yviss
e b T Y A L ATl s gl s ibiion e £ 4ared [ 74 NI and the Gleata
CONIirmeda oy 1 LL. ATETr COoIing, in€ miXiure was rmierca Llew i) ana mc iiiaie

i
:

was evaporated under reduced pressure. Then the residue was diluted with
added a solution of TBAF (524 mg, excess) in THF (2.0 mL) at room temperature. The mixture was stirred at
ambient temperature for 2 h and then was evaporated under reduced pressure to afford the crude product, which
was purified on a silica gel column chromatography using Aand H(1:1 — 2:1 — A only - A:M (methanol) 20:1.
v/v) as an eluent and by recrystallization from A and H to give alcohol derivative 14 (168 mg, 0.35 mmol. 99 %).
Rf" 0.25(A:M 10:1); white needle: mp 120-122 °C; fa] 27 = 36.0° (c 0.48, CHCL,): IR (KBr) 3360, 2976,
‘.-6!& 1510, 1433, 1113, 750, 721,693 cm!; 'H NMR N‘n” 20 iz) 57486-76',}(8!!. m). 7.60-7.39 (9H.

(VN , | SO S AV S DR RO A i PNIVERR QSR dg, SV uu il
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2 T7Q LT ean
F=3.10\

2H, m), 3.51-3.3
6.0 Hz), 145.99 (J =253 Hz), | L 13341 (/=9
— 1003 Hz), 128.98% (/= 100.4 Ha), 128.95% (J = 122 Hz), 128 87
W 123 Ha), 6715, 64 43%, 6182 59.80%, 48 34, 46.22%. 29.82% 28.84, 24.63, 22.86%: MS (El) m = (rel
intensity) 483 (10 %, M+1), 482 (32, M), 383 (13), 355 (32), 354 (100), 262 (9), 183 (15); MS (C1) 483 (MH);
HRMS Caled. for C,qH,,N,O,P 482.1872, Found 482 1873; Anal. Calcd. for C,4H,,N,0,P: C,69.70: H, 5 64:

N, 11.61. Found C, 69.95; H, 5.68. N, 11.32.
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General procedure for the synthesis of 6:
Tan smmivtiiea b avnalol Altacida (N NYE ol N YA srand 101 el h)\ ACY /(Y N0 m' Y A4 svvernd DV & ocoaies
10U d HHITALUIC Ul U)\dl'Yl LIHIULIUC \\I VLT INL, V. 2% HUIHUL 1.1 CL«IUIV }Clllu LZIVIOWU \V.UO 7 1L, V. JU (T, 2.0 LLlul\! )
in dry CH,Cl, (1.0 mL) was added a solution of alcohol derivative 14 (107 mg, 0.22 mmol) in CH,Cl, (2.0 mL) at

-78 °C. The mixture was stirred at =78 °C for 15 min and then was added tnethylamme (0.15mL, 1.08 mmol, 4.9
equiv.). After the reaction mixture was stirred at —78 °C for 5 min and then at room temperature for S min. The
mixture was not extracted?! and was evaporated under reduced pressure to afford the crude product, which was
purified on a sitica gel column chromatography using A and H(2:1 — A only - A:M (methanol) 100:3, v/v)as an
eluent to give 6a (31 mg, 0.13 mmol, 60 %) and triphenylphosphine oxide (49 mg, 0.18 mmol, 79 %). The other

n\,m7mnl7 ?-plll JA4ldiazenine derivative 6b was also obtained h\/ the similar method (see. Table 3).

JRRGLL P Rl ve B2V Q30 LINANAe U LLULE I8 B L2 o -2

(11R, 11a8)-1,2,3,10,11,11a-Hexahydro-11-methoxy-pyrazino|2,3-e|pyrrolo| 1,2-a]j1,4]diazepin-5-one 6a:
Rf=022(AMS:1), ol {a]D27 +407.17 (¢ 0.34, CHCI,) IR (neat) 3204, 2984, 1630, 1553, 1441, 1364, 1186,
1167, 1080. 754 cm™'; 'H NMR (CDCI,, 200 MHz) 6 8.27 (1H. d,./=22Hz), 8.19(1H1.d../ = 2.2 Hz), 6.35 (1H.

d./=58Hz),4.66(1H.d, /=62 ]lz), 96-3.73 (3H. m), 3.39 (3H, 5), 2.41-1.76 (41, m); *C NMR (CDCl,.
50 MHz) & 163.46, 150.97, 145.18, 136.35, 131.83, 87.73, 58.68, 54.88, 49.24, 30.83, 22 83: MS (El) m = (rel.
intensity) 234 (38 %, M), 203 (19), 202 (63), 147 (19), 146 (13), 122 (13), 119 (14), 79 (9), 70 (100), MS (C1)
234 (MH). HRMS Calced. for C,,H,,N,0, 234.1117, Found 234.1122.

(11R, 11a8)-11-Ethoxy-1,2,3,10,11,11a- hexahydro—pymzmolz ,3-e]lpyrrolo|1,2-a}{1.4]diazepin-5-one 6b:

Yield 59 % (Ph.P=(): 83 ¢
i s I

1ald D/_n 1R(A-
€1G 3Y Vo i e . V.10 (vl
o)

}

Y1217 D974
VIl L,

L7,

1
1 L N 1ec1 1 40 1L A 1 4 114 1N~ 0D T7EY mean ll‘l\ll.lh Tl RYal! MINARATTI_ A Q O NE 711 P F— "D
1002, 122, 1437, 1504, 1 O, 110/, 10U/ ¥, 71024 Cm 1 INIVIRC (k.U\,l;, LUV IViliZ)o 6.0 (11, a, ./ — 2.4
Hz), 8.18(1H,d,./=2.2Hz), 6.32(IH,d,./=5.6 Hz), 4.76 (1H, d,./ = 6.0 Hz), 3.96-3.80 (3H. m). 3.762

(each. 1H, q,./= 7.1 Hz), 3.463 + 3.418 (each, 1H, q,./=7.0Hz), 2.41-1.73 (4H, m), L18 (3H.t../~ 7.0 Hz):
NMR (CDCly, 50 MHz) 6 163.50, 151.04, 145.15, 136.23, 131.84, 86.29, 62.90. 58 74,4922, 30.84, 22.86,
15.00; MS (El) m = (rel. intensity) 248 (16 %, M), 203 (17), 202 (100), 174 (13). 147 (21), 146 (26), 95 (13), 70

(35); MS (CI) 249 (MH); HRMS Caled. for C,H, (N0, 248.1273, Found 248.1277.
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