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2,3,7-Triazabicyclo[3.3.0]octenes Prepared by Tandem Cas cade Reaction
of Allyl Azides and Olefinic Dipolarophiles
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Tandem cascadereactionsof allyl azidesand ol efinic dipolarophilesto give cis-fused 2,3,7- t riazabi cy-
clo[3.3.0]octenes(5, 6 or 7) arereported. Therein, anintermol ecular dipolar cycloaddition of azide and alkene
gave atriazolinewhich wasfol lowed by isomerization of thetriazolineto adiazo ester (4) and then an intra-
molecular dipolar cycloaddition from the diazo func tional group and the dou ble bond in 4 to give 5. Com-
pound 5may fur ther moreundergoaMi chael ad di tionto give7-substituted- 2,3,7- triazabicyclo[3.3.0] oct-2-
ene( 6) or atautomerization to give 2,3, 7-triazabicyclo[ 3.3.0] oct-3-ene (7). Thereactionmay bemanipulated
tostopat aparticular stageby adoptingasuit ablesol vent or anap propri atetemper at ure.

INTRODUCTION

Tandem cascadereactions, alsoknownasdominoreac-
tions, areef fi cient pro cessesto pre pare or ganic com pounds.
Many synthesesbased onthisconsider ationhavebeendevel-
oped.*®

Thereaction of acrylatewith alkyl or aryl azide was
found to beatan dem cascadereaction.” Therein, ase quence
of intermolecular dipolar cycloaddition, isomerization and
an other intermolecular dipolar cycloaddition gave ai’-pyra
zoline. Replacing alkyl azidewith allyl azide, we havefound
that 2,3,7-triazabicyclo[ 3.3.0]oct-2-enes (5 and 6) were ob-
tained by a different tandem cascade reaction sequence;
intermolecular dipolar cycloaddition, isomerization, fol -
lowed by anintramolecular dipolar cycloaddition. Thispaper
describesthefull detailsof our investi gationonthistandem
cascadereactionandthepossi bil i tiestopreparemorederiv a
tives of 5 and 6. Someof thesere sultshavebeenreportedasa
preliminarycommunication.®

RESULTSANDDISCUSSI ON

A mix tureof oneequiv alent of allyl azide (1a) and 2
equiv alentsof methyl acrylate(2u) dissolved in THF at room
tem per aturewasstirred for two daysto givea7- sub stituted-
2,3, 7-triazabicyclo[3.3.0]oct-2-ene(6au) asthe sole prod uct
inanisolatedyield of 84%. Thisisavery ef fi cient one pot re-
actionto prepareacom pound hav ing askel etonlike 6 from
simplereactants.

For the pur pose of study ingthegener al ity of thereac-
tion, moreex per i mentswerecar ried out withvari ousolefinic
dipolarophiles, sev eral sub sti tuted allyl azidesand dif fer ent
sol vents. Theprod uct ob tained could be 3, a A%-triazoline
(entries1and5), 5, an 7-unsubstituted 2,3,7- triazabicyclo
[3.3.0] oct- 2-ene(for example, entries2, 6 and 11),6, a 7-
substituted-2,3,7-triazabicyclo[ 3.3.0] oct-2-ene (for ex am
ple, entries4 and 7) or a 7-unsubstituted 2,3, 7-triazabicyclo-
[3.3.0]oct- 3-ene(7), atautomer of 5 (entry 12). Theresults
aregiveninTablel.

All thesere sults could be ac counted for by Schemel.
Therein, an intermolecular dipolar cycloaddition of allyl
azide and acrylate gave a A%triazoline (3). 3underwentan
isomerization to give adiazo ester (4)° which subsequently
gave 5 by an intramolecular dipolar cycloaddition.*® In ad di-

Table 1. Reaction of Allyl Azidesand Olefinic Dipol arophil es

Entry Reactants Solvent Product (yield)
1 la+2u CHCl; (7 h) 3au (53)
2 CHCl; (4 days) 5au (70)
3 DMSO/n-hexane 5au (75)
4 THF 6au (84)
5 la+2v CHCI; 3av (85)
6 THF Sav (91)
7 DMSO 6av (88)
8 la+ 2w CHCl, 6aw (81)
9 THF 6aw (87)
10 la+ 2x THF 6ax (66)
11 1b +2v THF 5bv (40)
12 1c+2u THF 7cu (82)
13 1d +2u THF 6du (51)
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**R1,R3,R4subsituents are omitted in 4 for clarity

tion, Mi chael ad di tion of acrylateto 5 would give 6. 5 may
give 7 by tautomerization of N=N-CH to NH-N=C.

Inanap propri atecondi tion, someof theseinter medi-
atescould beiso lated and thereaction could be controlled to
bestepwise. Forinstance, inchloroform, thereactionof alyl
azide and acrylonitrile stopped at the A*triazoline (3) stage
to give3av.lsolated 3avinamorepolar sol vent or at ahigher
temper aturewasconvertedto5av. Similarly,isolated5av, in
anevenmorepolar sol vent, DM SO, and the presence of more
acrylonitrileunder went Mi chael addi tiontogive6av.

At ahigher tem per atureor in the presence of acid or
base, com pound 5 could be con verted to itstau to mer 7. For
instance, 5au and 5av were tautomerized to 7au and 7av, re-
spectively, inthepresenceof acid or base.

Theassign ment of the structuresof 3, 5, 6 and 7 were
based on NMR spectra. Tofur ther sub stanti atetheseassign
ments and to study the stereochemistry of thereaction, asin-
glecrystal X-ray dif fraction study on com pound7av was car-
ried out. Theresult confirmsour assign ment of thestructure
of 7av(Fig. 1) and sup portsour assign ment of structuresof 5,

6 and 7. In addition, it is known that 7av is cis-fused
2,3,7-triazabicyclo[3.3.0]oct-3-ene. Since tautomerization
of bav to 7avinvolvingonlyN ,, Nz and C 4, no changein con-
figurationsof ringfusioncarbons, C; and C s, was sup posed to
oc cur, thereforecom pounds5 and 6 should be cis-fused
2,3,7-triazabicyclo[3.3.0]oct-2-enes. Husigen™ pointed out

Fig. 1. ORTEP of 7av.
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that therewasan ori entation complex precedingthetransi-
tion statefor dipolar cycloaddition. Inor der to ful fill thisre-
quirementintramolecularly, Cs-N7-Cslink age must bein one
side of the plane formed by C1, N3, C4and Cs (4in Schemel),
there fore both Z and R; must be in the other side. Con se-
quently, thereaction givesacis-fused bicyclo[ 3.3.0]oct- 2-
eneastheprod uct inthisintramolecular cycloaddition step.

Since 5au and 5av, 2,3,7-triazabicyclo[3.3.0]oct-2-
eneswith out substituent at 7-position areavail able, itispos
si bletopreparethecor responding 7-substituted 2,3,7- tria
zabicyclo[3.3.0]oct-2-enes (6) by Mi chael ad di tion or nu-
cleophilicsubsti tution (Schemell). Sev eral 7-unsubstituted
or 7-substituted 2,3,7-triaza- bicyclo[3.3.0]oct-3-enes (7)
were also pre pared by tautomerization of 5 and6. Theresults
aregivenin Table2. Theyieldsof thesereactionsaregen er-
ally goodtoexcel lent.

Scheme 11

Incon clusion, alyl azidesand ol efinic dipolarophiles
un dergo atan dem cascadereactiontogivecis-fused 2,3,7-
triazabicyclo[ 3.3.0] octenesin good yields. Thereactioncan
bestopped at dif fer ent stageshby selectingasuit ablesol vent.

Table2. Preparationsof Derivatives

Product Z R procedure yidd
6au-1 COOCH; CH,CH,COCH,4 M* 93
6au-2 COOCH;  CH,CH,COCH,CH; M 85
6au-3 COOCH;  CH,CH,CH,CH3 S* 88
6au-4 COOCH;  CgH:CH, S 71
6av-1 CN CH,CH,CH; S 74
6av-2 CN CH,CH=CH, S 77
6av-3 CN propagy! S 61
7au COOCH;  CH,CH,CO,CH3 I* 90
7au-1 COOCH; CH,CH,COCHj3 | 85
7au-2 COOCHj3 CsHsCH, | 87
Tav CN H | 81

* M: Michaed addition, S: subgtitution, |: isomerization.
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By Mi chael addi tion, nucleophilicsubsti tutionor tauto meri za-
tion, many 2,3, 7-triazabicyclo[ 3.3.0]octenederiv ativescan
beprepared.

EXPERIMENTAL SECTION

Reagentsand General Procedure

Melting points were determined on a Y anagimoto
micromelting point ap paratusand arere ported un cor rected.
The 'H, *C and 2D NMR spectra were obtained by an
Ace-300MHzFT-NMR spectrometer. Themassspectrawere
obtainedonaJEOL JM S-SX/SX 102A spectrometer oper at
ingat 12eV.Theel emental composi tionsof compoundswere
deter mined by aJOEL JMS-SX/Sx 102A highresolution
mass spectrometer. Infrared spectra were obtained on a
BIORAD-FTSFT-IRspectrometer.

Allyl azides'? (1a) were pre pared by thefol low ing pro-
cedure; to 1 equiv alent of allyl bro midedissolvedin amix-
tureof DM SO and water, 1.2 equiv alentsof so dium azide
wereadded. Af ter stir ring for 3 hours, 50 mL sat urated brine
wasaddedtothemixture. Theor ganiclayer af ter dryingwith
mag hesium sul fatewassep arated and thesol ventwasevap o
rated to obtainallyl azide.

2-Methyl-2-propenyl azide( 1b) wasobtainedinayield
of 75%. *H NMR (CDCl3) 1.76 (s, 3H), 3.76 (s, 2H), 4.95 (s,
2H). *CNMR (CDCl5): 20.1 (CHs), 57.1 (CHz), 114.1 (CH»),
139.5 (C), IR: Amax (cm™) 2100.

E-3-Phenyl-2-propeny| azide (1c) wasobtainedin a
yield of 83%. 'H NMR (CDCl,) 3.82 (d, 2H, J = 6.6 Hz), 6.14
(td, 1H, J=15.8, 6.6 Hz), 6.55 (d, 1H, J= 15.8 Hz), 7.1-7.4
(m, 5H). **C NMR (CDCl3): 48.1 (CH,), 127.1 (CH), 128.1
(CH), 128.5 (CH), 129.1 (CH), 132.3 (CH), 144.1 (C), IR:
e (1) 2120.

E-2-Butenyl azide (1d) wasob tained in ayield of 70%.
'HNMR(CDCl3) 1.71(d, 3H, J= 6.2 Hz), 3.65(d, 2H,J = 6.4
Hz), 5.2-5.6 (m, 1H), 5.7-5.8 (m, 1H). *C NMR (CDCl3):
18.1 (CHs), 54.1 (CHy), 122.1 (CH), 124.5 (CH), IR: }*.max
(cmh) 2110.

ProcedureA: General procedurefor thereaction of
allyl azide and alkene carrying eectron-withdrawing
group

To alyl azide (50 mmol) in 40 mL sol vent, olefinic
dipolarophile (51 mmol or 102 mmol) dissolvedin 10 mL sol-
vent was added dropwise at room tem per ature. The mix ture
was stirred for sev eral hours or afew days. The sol vent and
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theunreacted startingmateri alswereremoved by rotatory
evaporator togivethecrudeprod uct. The prod uct could be
further purifiedby col umnchromatography.

1-Allyl-4-methoxycar bonyl-A%1,2,3-triazaoline (3au)

Fol low ing pro cedure A using chloroformasthesol-
vent, there ac tion of allyl azide and methyl acrylate at 0°C
gave 3au inareactiontimeof 7 hours. 3au isayel low oil
(53%). '"H NMR (CDCl5) 3.23 (d, 2H, J = 12 Hz), 3.72 (s,
3H), 4.07, 4.21 (d of AB, 2H,J = 21.0, 15.0, 6.4 HZ), 4.87 (t,
1H, J = 12 Hz), 5.1-5.3 (m, 2H), 5.6-5.9 (m, 1H). "*C NMR
(CDCl3): 46.8 (CH), 52.9 (CHa), 53.1 (CHy), 78.2 (CH2),
119.3 (CH,), 132.2 (CH), 168.9 (CO); CIMS m/z (%) 170
(M+1, 20), 142 (20), 110 (4), 55 (100).

1-Allyl-4-cyano-42-1,2,3-triazaoline (3av)

Thereaction of allyl azideand acrylonitrileusing chlo-
roformasthesol ventgave3av in 2 days. 3avwasobtained as
ayel low oil inayield of 85%. 'H NMR (CDCls): 3.9-4.15 (m,
2H), 4.2-4.4 (m, 1H), 4.5-4.7 (m, 2H), 5.2-5.4 (m, 2H), 5.7-
6.0 (m, 1H).*C NMR (CDCls): 45.8 (CH), 52.0 (CH.), 70.1
(CH,), 118.5 (CN), 120.2 (CH,), 131.2 (CH); EIMS m/z (%)
136 (M, 12), 108 (32).

1-Methoxycar bonyl-2,3,7-triazabicyclo[3.3.0]oct-2-ene
(5au)

5au (inayield of 70%) waspre pared fromthereaction
of alyl azide and methyl acrylate in 4 days by pro ce dure A
usingchloroformasthesol vent. Inad di tion, amixed sol vent
of dimethyl sulfoxide (DM SO) and n-hexane (1:1) also give
Sau inayield of 75%. 5au isayel low oil."H NMR (CDCl5):
2.67-2.76 (m, 2H), 3.01 (dd, 1H,J=12.2, 7.1 Hz), 3.31, 3.58
(AB, 2H,J=12.7 Hz), 3.75 (s, 3H), 4.44, 4.69 (AB part of
ABX, 2H,Ja = 18.6 HZ,Jox=8.7Hz, Jsx = 3.0 Hz). ®*C NMR
(CDCl53): 40.5(CH),52.8(CH3), 54.9(CH,), 55.7 (CH,), 85.4
(CHy), 108.1 (C), 169.6 (CO); CIMS mvz (%) 170 (M+1, 28),
141 (2), 110 (11), 82 (100). HRMS: Calcd for C7H11N3Os:
169.0849, Found: 169.0860.

1-Cyano-2,3,7-triazabicycl0[3.3.0]oct-2-ene (Gav)

Using THF asthe sol vent, 5av waspreparedinayield
of 91%fol lowingprocedureA in14days. Savisayel low ail.
IH NMR (CDCl;): 2.85-2.95 (m, 2H), 3.07 (m, X part of
ABX, 1H), 3.27, 3.78 (AB, 2H,J=12.0 Hz), 4.59, 4.91 (AB
part of ABX, 2H,Jas = 19 Hz, Jax = 9.0 Hz, Jex = 2.8 Hz), °C
NMR (CDCls): 41.8 (CH), 55.4 (CH2), 56.9 (CH>), 86.8
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(CH,), 94.1 (C), 116.7 (CN); EIMS m/z (%) 136 (M, 1), 107
(64), 93 (100), 80 (42). HRMS: Calcd. for CoHaNu: 136.0748,
Found: 136.0750.

7-(2-M ethoxycar bonylethyl)-1-M ethoxycar bonyl-2,3,7-
triazabicyclo[3.3.0]oct-2-ene Gau)

6au was pre paredin ayield of 84% by there ac tion of
allyl azide and methyl acrylate (mo lar ratio=1:2) fol lowing
procedureA using THF asthesol vent. 6au isayel low oil.*H
NMR (CDCls): 2.38 (dd, 1H, J= 9.5, 6.5 Hz), 2.39 (t, 2H, J=
7.5Hz),2.66 (t,2H,J=7.5Hz), 2.63-2.70 (m, 2H), 2.73, 3.43
(AX, 2H,J=10.0 Hz), 3.60 (s, 3H), 3.75 (s, 3H), 4.45, 4.75
(AB part of ABX, 2H, Jag = 18.5Hz, Jox = 9.0Hz, Jgx =35
Hz). *C NMR (CDCl5): 33.2 (CH,), 37.8 (CH), 49.1 (CH,),
51.3 (CHs), 52.6 (CHs), 58.7 (CHy), 60.0 (CH>), 85.9 (CHJ>),
104.9 (C), 169.0 (CO), 172.2 (CO); EIMS m/z (%) 255 (M,
15), 227 (10), 196 (12), 168 (21), 154 (100). HRMS: Calcd.
for Cy1H17N30O,: 255.1215, Found: 255.1214.

7-(2-Cyanoethyl)-1-Cyano-2,3,7-triazabicycl o[ 3.3.0] oct-2-
ene (6av)

Thereactionof allyl azideand acrylonitrile(molarratio
=1:2) using DM SO asthesol vent gave6av in ayield of 88%
yieldin2 days. 6avisayel low oil."H NMR (CDCl3): 2.42 (t,
2H,J=6.6 Hz), 2.56 (dd, 1H,J = 10.0, 6.0 HZ), 2.64-2.80 (m,
2H), 2.76 (d, 1H, J = 10.4 Hz), 2.81 (d, 1H, J = 10.0 Hz),
2.8-2.9 (m, 1H), 3.62 (d, 1H,J = 10.4 Hz), 4.59 (dd, 1H, J =
19.0, J = 3.6 Hz), 4.91 (dd, 1H, J = 19.0 Hz, J = 9.0 Hz). °C
NMR (CDCls): 17.0 (CH2), 39.6 (CH), 48.2 (CH2), 59.4
(CH,), 60.3 (CH;,), 87.3 (CH), 90.9 (C), 116.4 (CN), 117.9
(CN).

7-(3-Oxo-n-butyl)-1-acetyl-2,3,7-triazabicyclo[ 3.3.0] oct-2-
ene (6aw)

Thereaction of allyl azide and methyl vi nyl ketone
(molarratio=1:2) using chloroformor THF asthe sol vent
fol lowingprocedureA gave6aw in ayield of 81% and 87%,
respectively,in2days. 6awisayel low oil. '"H NMR (CDCl):
2.03(s, 3H), 2.28 (dd, 1H, J=9.6, 6.0 Hz), 2.31 (s, 3H), 2.41
(d, 1H,J =10 Hz), 2.43-2.47 (m, 2H), 2.58 (t, 2H,J = 6.8
HZz), 2.62 (d, 1H, J=9.6 Hz), 2.66 (m, 1H), 3.40 (d, 1H, J =
10.0Hz), 4.34, 4.66 (AB part of ABX, 2H,Jas = 18.6. Hz, Jax
= 9.4 Hz, Jgx = 3.8 Hz). ®*C NMR (CDCl;): 28.3 (CH3), 29.8
(CHsy), 35.4 (CH), 42.3 (CH>), 48.3 (CH>), 59.6 (CH>), 60.6
(CHy), 85.6 (CHy), 112.5 (C), 202.4 (C=0), 207.2 (C=0);
EIMSm/z (%) 223 (M, 17), 195 (54), 180 (56), 152 (42), 138
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(62).

1-Aminocar bonyl-7-(2-aminocar bonylethyl)-2,3,7-
triazabicyclo[3.3.0]oct-2-ene (Bax)

Thereactionof allyl azideand acrylamide(molar ratio
=1:2) in THF gave 6axinayield of 66%in2daysfol lowing
procedureA.6ax isawhite solid, mp.: 172-174°C. *H NMR
(CDCl3): 1.84 (t, 2H,J=6.8 Hz), 1.99 (dd, 1H,J = 8.8, 6.4
Hz), 2.19 (dd, 1H, J = 8.8, 5.2 Hz), 2.22 (t, 2H, J = 6.8 Hz),
2.30-2.37 (m, 1H), 2.35(d, 1H, J= 10.0 Hz), 3.07 (d, 1H,J=
10.0 Hz), 3.94 (dd, 1H, J=18.8, 3.6 Hz), 4.32 (dd, 1H, J=
18.8, 9.6 Hz), 5.87 (s, 1H), 6.57 (s, 1H), 6.76 (s, 2H). *C
NMR (CDCl;): 34.6 (CH,), 36.8 (CH), 50.2 (CH,), 60.4
(CH,),60.7(CH,),85.5(CH,), 106.3(C), 170.1 (C=0), 173.3
(C=0); EIMS m/z (%) 197 (M-28, 30), 182 (9), 114 (100).

1-M ethoxycar bonyl-4-phenyl-2,3,7-triazabicycl o[ 3.3.0]oct-
3-ene (7cu)

7cu was pre pared by there ac tion of E-3-phenylallyl
azideand methyl acrylatefol lowingprocedureA inayield of
82%. 7cu isawhite solid, mp. 180-182°C; "HNMR (CDCl5):
3.17 (d, 1H, J=12.0 Hz), 3.2-3.40 (m, 2H), 3.31 (d, 1H, J =
12.0Hz), 3.80 (s, 3H), 4.8 (dd, 1H, J= 5.4, 3.4 Hz), 6.54 (b,
1H), 7.30-7.37 (m, 3H), 7.56-7.61 (m, 2H). *C NMR (CDCl3):
52.9 (CHs), 54.3 (CH»), 58.2 (CH), 61.1 (CH,), 81.1 (C),
126.1 (CH), 128.1 (CH), 129.0 (CH), 131.2 (C), 153.2 (C),
173.9 (C=0). EIMSmz (%) 245 (M, 8), 203 (74), 186 (5),
171 (100). HRMS: Calcd. for C13H1sNs0»: 245.1161, Found:
245.1160.

1-M ethoxycar bonyl-7-(2-methoxycar bonylethyl)-4-methyl-
2,3, 7-triazabicyclo[3.3.0]oct-2-ene (Gdu)

6du was pre pared by the re ac tion of 2-butenyl azide
and methyl acrylatefol lowingprocedureA inayield of 51%.
6duisayel lowliquid;"H NMR (CDCl 3): 1.34 (d, 3H, J=7.2
Hz), 2.27 (dd, 1H,J = 6.3, 3.3 Hz), 2.39 (dd, 1H, J= 9.0, 6.6
Hz), 2.42 (t, 2H, J=6.9 Hz), 2.69 (t, 2H, J=6.9Hz), 2.70(d,
1H,J=10.2 Hz), 2.77 (d, 1H,J = 9.0 Hz), 347 (d, 1H, J=
10.2 Hz), 3.64 (s, 3H), 3.78 (s, 3H), 4.60 (dg, 1H, J=7.2,3.9
Hz). 3C NMR (CDCl3): 18.7 (CHs), 33.4 (CH>), 45.4 (CH>),
49.3 (CH),51.6 (CHs), 52.9 (CHs3), 58.8 (CH), 59.7 (CH.),
94.4 (CH), 105.0 (C), 169.4 (C=0), 172.4 (C=0). MS
(EIMS) m/z (%) 269 (M, 3), 241 (8), 226 (29), 168 (100).
HRMS: Calcd. for C12H19N3O4: 269.1371, Found: 269.1374.

1-Cyano-5-methyl-2,3,7-triazabicyclo[ 3.3.0]oct-2-ene (Bbv)
5bv was pre pared in ayield of 40% by there ac tion of
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2-methyl-2-propenyl azide and acrylotrilefol low ing pro ce-
dure A using THF asthe sol vent. 5bvisayel low solid, mp.
108-109 °C. *H NMR (CDCl3): 1.37 (s, 3H), 2.70 (d, 1H, J=
11.8Hz), 3.00(d, 1H,J=11.8 Hz), 3.25(d, 1H, J=12.4 Hz),
3.75 (d, 1H,J=12.4 Hz), 451, 4.68 (AB, 2H, J = 19.0 Hz).
¥C NMR (CDCls): 20.5 (CHs), 47.7 (C), 57.3 (CH»), 62.3
(CHy), 92.9 (CHy), 97.8 (C), 115.1 (CN). EIMSmz (%) 15
(M, 1), 121 (31), 93 (100).

1-Cyano-2,3,7-triazabicycl0o[3.3.0]oct-3-ene (7av)

5av dis solved in THF is heated to 50°C for 4 hours; af-
ter evap oration of thesol vent, 7av wasob tained quanti ta
tively. 7av is a white solid, m.p. 120-121 “C. 'H NMR
(CDClg): 2.08 (s, 1H), 3.04 (d, 1H,J =12.5Hz), 3.09 (dd, 1H,
J=12.6,7.6Hz),3.23(dd, 1H, J=12.6,2.0Hz), 3.42(d, 1H,
J=125Hz),3.99(ddd, 1H,J=7.6,2.2,2.0HZ), 6.14 (s, 1H),
6.66 (d, 1H,J = 2.2 Hz),** C NMR (CDCl;): 53.1 (CH,), 61.2
(CH,), 62.0 (CH), 65.4 (C), 119.5(C), 144.0 (CH); EIMSm/z
(%) 137 (M+1, 17), 93 (80). HRMS: Calcd. for CsHsNa:
136.0748, Found: 136.0757.

Crystal datafor 7av: Col or lesssinglecrystal, 0.3 0.3
» 0.4 mm, rhombohedral, space group P3,21, unit cell di men
sions: a=6.0988(5) A, c = 31.485(4) A; V = 1014.2(3) A*;
deaica = 1.338 g/cm® (Z 6); radi ation Mo-K &; limits(max)
23.3°, total reflection scanned 3907, 976 uniquereflections,
968 ob servedreflectionswith F>25(F); R = 0.045; R, =
0.052; 123refined parameters. List of po si tional and aniso-
tropicther mal parametersof non-hydrogenat oms, posi tional
andther mal parametersof hy drogenat oms, bond distances
and bond anglesareavail ableuponrequest.

Pro cedureB: Gen eral pro cedurefor theMi chael
addition of 5 to alkenes

Toasolutionof oneequiv alent of 5 dissolvedin THF,
oneequiv alent of alkeneisadded slowly. Thesolutionis
stirred for oneday. The crudeisob tained af ter the sol ventis
rotatory evaporated. A yel low oil isobtained by col umnchrae
matog raphy usingsil icagel asthepack ing material andthe
mixed sol vent of ethyl ac e tate and n-hexane (3:1) asthe
eluent.

7-(3-Oxo-n-butyl)-1-M ethoxycar bonyl-2,3,7-triazabicyclo-
[3.3.0]oct-2-ene Gau-1)

6au-1 waspreparedinayield of 93% by thereaction of
5au and methyl vi nyl ketonefol lowingprocedureB.6au-1is
ayel lowliquid, '"H NMR (CDCl3): 2.01 (s, 3H), 2.32, 2.64
(AM part of AMX, 2H,Jam = 9.2 Hz,Jax =6.5HZ, Jyx = 0 HZ),
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2.45(t, 2H,J =6.3Hz), 2.58 (t, 2H,J = 6.3 Hz), 2.57 (d, 1H, J
=10.4 Hz), 2.67 (m, 1H), 3.35 (d, 1H, J = 10,4 Hz), 3.68 (s,
3H), 4.39, 4.65 (AB part of ABX, 2H, Jag = 18.4 Hz, Jaxx=9.1
Hz, Jex = 3.5 Hz). ®*C NMR (CDCl3): 29.8 (CH3), 37.9(CH),
42.2 (CH,), 48.4 (CH,), 52.7 (CH,), 59.0 (CH,), 60.4 (CH),),
86.0 (CH;), 104.8 (C), 170.0 (CO), 207.1 (CO); CIMSm/z
(%) 240 (M+1, 100), 239 (63), 212 (22). HRMS: Calcd. for
Cu1H17N30s: 239.1266, Found: 239.1270.

7-(2-Ethoxycar bonylethyl)-1-M ethoxycar bonyl-2,3,7-
triazabicyclo[3.3.0]oct-2-ene Bau-2)

6au-2 waspreparedinayield of 83% by thereaction of
5au and ethyl acrylatefol low ing procedureB. 6au-2 isayel-
low liquid,"H NMR(CDCl): 1.14 (t, 3H,J= 7.1 Hz), 2.33(t,
2H, J=7.1Hz), 2.35, 2.67 (AM part of AMX, 2H, Jam = 9.4
Hz, Jax = 6.2 Hz, Jux = 0 HZ), 2.62 (t, 2H,J = 7.1 HZ), 2.63(d,
1H,J=10.3Hz), 2.68(m, 1H), 3.42 (d, 1H,J = 10.3Hz), 3.73
(s, 3H), 4.04 (q, 2H, J=7.1Hz), 4.40, 4.74 (AB part of ABX,
2H, Jag = 18.3 Hz, Jax = 9.1 Hz, Jex = 3.5 Hz). ®C NMR
(CDCl3):14.1(CH3), 33.6 (CHy), 38.0 (CH), 49.4 (CHy), 52.8
(CH3), 59.0 (CH), 60.2 (CHzy), 60.4 (CH>), 86.0 (CH.), 104.9
(C), 169.1 (CO), 171.9 (CO); EIMS mVz (%) 269 (M, 63), 241
(40), 153 (100). HRMS: Calcd. for Ci2H19N302: 269.1371,
Found: 269.1378.

Procedure C: General procedure for the substitution
reactionof 5 to alkyl halide

A precipi tateisob tained from the mix ture of equal
moles of 5andalkyl halidedissolvedin THF stir ring for three
days. Theprecipi tateissep arated fromthe sol vent and neu-
tral ized using a5% NaHCO;solution. Thecrudeprod uctis
obtainedaf ter ex tractionwithchloroformandtheremoval of
thesol vent by rotatory evap oration. A brown oil isobtained
by col umnchromatography usingsil icagel asthestationary
phase and the mix ture of chlo ro form and n-hexane (3:1) as
the eluent.

7-Butyl-1-M ethoxycar bonyl-2,3,7-triazabicycl o[ 3.3.0] oct-
2-ene (6au-3)

6au-3 waspreparedinayield of 88% by thereaction of
5au andbutyl bromidefol lowingprocedureC. 6au-3isayel-
low liquid, *H NMR (CDCls): 0.82 (t, J = 7.4Hz, 3H),
1.16-1.37 (m, 4H) 2.30 (t, J = 6.9 Hz, 2H), 2.27, 2.66 (AM
part of AMX, 2H, Jam = 9.4 Hz, Jax = 6.3 Hz, Jux = 0 H2),
2.60(d, 1H, J=10.2 Hz), 2.65 (dddd, 1H, J = 10.6, 6.2, 3.7,
0.1 Hz), 3.40 (d, 1H, J = 10.2 HZ), 3.73 (s, 3H), 3.46, 4.74
(AB part of ABX, 2H, Jas = 18.3 Hz, Jpx = 9.0 HZ, Jgx = 3.5
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Hz). 3C NMR (CDCl5): 13.9 (CHy), 20.4 (CH,), 30.4 (CH.,),
38.0 (CH), 52.7 (CHs), 54.2 (CH5), 59.4 (CH>), 60.7 (CH.2),
86.0 (CH>), 105.2 (C), 169.4 (CO); EIMS m/z (%) 225 (M ",
19), 196 (5), 154 (100). HRMS: Calcd. for CriH1sNsOy:
225.1373, Found: 225.1483.

7-Benzyl-1-M ethoxycar bonyl-2,3,7-triazabicyclo[ 3.3.0] oct-
2-ene (6au-4)

6au-4 waspreparedinayield of 71% by thereaction of
5au andbenzyl chloridefol lowingprocedureC. 6au-4is a
yel lowliquid, '"H NMR (CDCls): 2.38, 2.59 (AM part of
AMX, 2H, Jam = 9.2 Hz, Jax = 6.40 Hz, Jux = 0 HZz), 2.75 (d,
1H, J = 10.4 Hz), 2.70-2.80 (m, 1H), 3.44 (d, 1H, J=10.4
Hz), 3.51, 3.55 (AB, 2H,J = 13.1 Hz), 3.74 (s, 3H), 4.48, 4.76
(AB part of ABX, 2H, Jag = 18.3 Hz, Jax = 9.0 Hz, Jgx = 3.6
Hz), 7.17-7.28 (m, 5H). *C NMR (CDCls): 38.1 (CH), 52.7
(CH3),58.2(CH,), 59.0 (CH,), 60.1 (CH,), 86.0 (CH ), 105.2
(C), 127.1 (CH), 128.2 (CH), 128.3 (CH), 138.0 (C), 169.3
(CO); EIMS Mz (%) 259 (M+, 5), 232 (2), 91 (100). HRMS:
Calcd. for CiaH17N302: 259.1317, Found: 259.1318.

1-Cyano-7-propyl-2,3,7-triazabicyclo[3.3.0] oct-2-ene
(6av-1)

6av-1waspreparedinayield of 74% by thereaction of
5av and propyl bromidefol lowing procedureC.6av-lis a
yel lowliquid,*H NMR (CDCl3): 0.75 (t,J= 7.5 Hz, 3H), 1.32
(0, J = 7.5 Hz, 2H), 2.25 (t,J = 7.5 Hz, 2H), 2.34, 3.49 (AM
part of AMX, 2H, Jav = 10.3 Hz, Jax =5.9 Hz, Jux = 0 HZ),
2.53 (d, 1H, J = 10.3 Hz), 2.71-2.78 (dddd, 1H, J = 9.3, 5.9,
3.4, 0 Hz), 3.49 (d, 1H, J = 10.3 Hz), 4.50, 4.86 (AB part of
ABX, 2H,Jx5 = 18.7 Hz,Jpx = 9.3 Hz,Jgx = 3.4 Hz). ®*C NMR
(CDCl3): 11.4(CHs), 21.1(CH2), 39.5(CH), 55.2 (CH,), 59.7
(CH), 60.7 (CH>), 87.1 (CH>), 91.1 (C), 116.8 (CN); EIMS
m/z (%) 179 (M+1, 100), 151 (74), 121 (43). HRMS: Calcd
for CoH14N,: 178.1216, Found: 178.1219.

7-Allyl-1-cyano-2,3,7-triazabicyclo[3.3.0]oct-2-ene (Gav-2)
6av-2waspreparedinayield of 77% by thereaction of
5av andallyl bromidefol lowingprocedureC. 6av-2is ayel-
low liquid,"H NMR (CDCls): 2.40, 2.68 (AM part of AMX,
2H, Jam = 9.6 Hz, Jax =5.9 Hz, Jux = 0 Hz), 2.59 (d, 1H,J =
10.3 Hz), 2.77 (dddd, 1H, J=9.3,5.9, 3.4, 0Hz), 2.97 (d, J=
6.4 Hz, 2H), 3.52 (d, 1H, J=10.3 Hz), 4.55, 4.93 (AB part of
ABX, 2H, Jas = 18.7 Hz, Jax = 9.3 Hz, Jex = 3.4 Hz). 5.07-
5.15 (m, 2H), 5.62-5.74 (m, 1H). *C NMR (CDCl3): 39.7
(CH), 56.2 (CH3), 59.6 (CH2), 60.5 (CH2), 87.2 (CH_), 91.3
(C), 116.8 (CN), 117.9 (CH), 134.0 (CH,); CIMSm/z (%) 177
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(M+1, 100), 149 (61), 99 (65), 84 (70). HRMS: Calcd. for
CoH12N4: 176.1060, Found: 176.1068.

1-Cyano-7-(2-propynyl)-2,3,7-triazabicyclo[3.3.0] oct-2-ene
(6av-3)

6av-3waspreparedinayield of 71% by thereaction of
5av and 2-propynyl bromidefol lowingprocedureC.6av-3is
ayel lowliquid,"H NMR (CDCls): &2.24 (t, J=2.3Hz, 1H),
251, 2.65 (AM part of AMX, 2H, Jaw = 9.6 Hz, Jax =5.8 Hz,
Jux=0Hz),2.76 (dddd, 1H,J=9.3,5.9, 3.4, 0Hz), 2.86, 3.36
(AB, 2H,J = 10.8 Hz), 3.28 (d, J = 2.4 Hz, 2H), 4.51, 4.85
(AB part of ABX, 2H, Jas = 18.7 Hz, IJax = 9.0 Hz, Jex = 3.3
Hz). ¥C NMR (CDCl5): 39.3 (CH), 40.2 (CH,), 57.6 (CH ),
58.4 (CH,), 74.2 (CH), 76.3 (C), 87.0 (CH,), 91.0 (C), 116.4
(CN); CIMS m/z (%) 175 (M+1, 100), 147 (76), 82 (95).
HRMS: Calcd. for CoHi0N4: 174.0904, Found: 174.0914.

1-M ethoxycar bonyl-7-(2-methoxycar bonylethyl)-2,3,7-
triazabicyclo[3.3.0]oct-3-ene (7au)

To 1 g of 6au dissolvedin5mL of methanol keptat 0
=C,asolutionof 2mL concentrated hy drochloricacidin 15
mL meth anol was added dropwise. Themix turewasstirred
for onehour. Thesol ventwasrotatory evaporated andtheres
i duewasneutral ized by a5% NaHCO; solution. Theaqueous
solutionwasthenex tractedwith THF. Af ter evap orationof
THF, 7au could be ob tained as an or ange oil in ayield of
90%. 7au isayel lowliquid, 'H NMR (CDCl3): 2.64 (t, 2H, J
=7.4Hz), 266 (d, 1H, J=8.2Hz), 2.78 (d, 1H, J = 9.4 Hz),
2.80 (t, 2H,J = 7.4 Hz), 2.88 (m, 1H), 3.04 (dd, 1H, J = 9.4,
2.1Hz), 3.10 (4, 1H, J=9.5Hz), 3.67 (s, 3H), 3.78 (s, 3H),
6.15 (bs. 1H), 6.61 (d, 1H, J = 1.2 Hz), ®*C NMR (CDCly):
33.2 (CHy»), 49.7 (CHy), 51.5 (CH3), 55.8 (CH3), 56.6 (CH),
57.3 (CHy), 65.1 (CH2), 74.2 (C), 144.2 (CH), 172.3 (C=0),
172.9 (C=0); MS (EIMS) m/z (%) 255 (M, 4), 240 (6), 224
(33), 196 (100). HRMS: Calcd. for Cy3;H17N30,: 255.1223,
Found: 255.1215.

1-(M ethoxycar bonyl)-7-(3-oxo-1-butyl)-2,3,7-triazabicyclo-
[3.3.0]oct-3-ene (7au-1)

Theisomerization of 6au-1 to7au-1 fol lowedthesame
procedureasthat for thepreparationof 7au. 7au-1 could be
obtained asayel low oil inayield of 85%,H NMR (CDCl ):
& 2.11 (s, 3H), 2.51, 2.80 (AM part of AMX, 2H, Jav = 9.2 Hz,
Jax = 6.4 Hz, Jyx =0Hz), 2.65(t, J= 7.4 Hz, 2H), 2.68, 3.02
(AB, 2H,J = 9.6 Hz), 2.76 (t, J = 7.4 Hz, 2H), 2.96 (m, 1H),
3.76 (s, 3H), 6.22 (s, 1H), 6.25 (s, 1H). *C NMR (CDCly):
30.1 (CHs), 42.6 (CH,), 48.9 (CH,), 52.9 (CHs), 56.8 (CH ),
57.7 (CHy), 65.5 (CH>), 74.4 (C), 144.5 (CH), 173.1 (C=0),
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207.4 (C=0); CIMS m/z (%) 240 (M+1, 77), 182 (35), 113
(100). HRMS: Calcd. for C;;H17N3O5: 239.1266, Found:
239.1260.

1-(Methoxycar bonyl)-7-benzyl-2,3,7-triazabicycl0[3.3.0]-
oct-3-ene (7au-2)

The isomerization of 6au-4 to 7au-2 fol lowed the same
procedureasthat for thepreparationof 7au-1. Theyield was
87%. 7au-2isayel low liquid, *H NMR (CDCl5): 2.54, 2.90
(AM part of AMX, 2H, Jam = 9.1 Hz, Jax = 7.5 Hz, Jux=0
Hz), 2.70,3.02 (AB, 2H, J= 9.6 Hz), 3.53, 3.65 (AB, 2H, J=
13.1Hz),3.71 (s, 3H, OCHs), 3.78 (m, 1H), 6.16 (s, 1H), 6.17
(s, 1H), 7.14-7.26 (m, 5H). 3C NMR (CDCI;): 52.7 (CHy),
56.7 (CH2), 57.0 (CHy), 58.5 (CH), 65.1 (CH>), 74.2 (C),
126.9 (CH), 128.1 (CH), 128.4 (CH), 137.8 (C), 144.4 (CH),
173.0 (C=0); EIMS m/z (%) 260 (M+1, 100), 91 (25).
HRMS: Calcd. for C14H;/N3;O,: 259.1317, Found: 259.1302.

Supplementary Materials

Tablesof crystal datafor7av includingtablesof hy dro
gencoor di nates, U val ues, bond lengths, bond an gles, aniso-
tropicparameters, anddatacol lectionparameters.
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