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Atutrxt-A ncu hcrcrocyc~ic s}srrm. 1 .Z,Y~trtan.R-orahrc~clrt-[2.!.U~-~.~.9-de~a~ricnc 4. b heen s)nthC~i~td h) 
re~ospccific 13dipolar c~c~ddit~n of nitrik oxides to rhc iminc doubk bond of 1.2diaztpincs. Rir-adduct k is 
obtained in only trace amounts showing ~haf the iminc do&k bond is more reacttve than the ?I’-olcfint~ bond. 

l,2-Diazcpines 3 which are easily obtained in preparative 
amounts by UV irradiation of I-iminopyridinium ylidcs’ 
arc useful synthons for the construction of polycyclic 
systems, since their double bonds undergo various 
cycloaddition reactions. We have shown that ketenes, 
generated in situ from acetyl chlorides, react readily with 
1.2diazepines 3 to produce the co~es~ndin~ fi-lactams, 
1.“ Furthermore, pyrazolino-diazcpines are obtained by 
1.3dipolar cycloaddition of diaroisopropane to the A’ 
bond of compounds 3.’ II therefore seemed appropriate IO 
investigate the reactivity 01 1,2di-azcpines toward nitrilc 
oxides. The latter undergo I$-dipolar cycloaddition with 
alkenes as well as with Schiff bases.’ 
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Initially we chose mesitylnitrile oxide since it does not 
dim&e to the corresponding furoxane at room tem- 
perature. Reaction with various 1.2diazepincs Save high 
yields of 1: I-adducts whose structures were determined 
by ‘H and “C NMR spectroscopy. Protons H-3, H-Q and 
H-6 appear as vinylic hydrogens. unequivocally indicating 
cycloaddition to the A’ bauble bond. In accord with a 
regiospccitic cycloaddition process, only a single 1: I- 
adduct was obtained. Following Huisgen’c I$-dipolar 
cyloaddition rule’ which postulates a maximum gain in D 
energy during cycloadditian, structures &r-&l have been 
assigned to the reaction products. This orientation is 
confirmed by ‘H and “C NMR spectroscopy. For txam- 
pie, the H-7 proton of compound C appears at 6 
6.03 ppm; a chemical shift of about 6 4.5 ppm would be 
expected for the reversed orientation. The “C NMR 
structure also agrees well with proposed structure 4c. 
Thus C-7 appears as a doublet at 6 88.45 ppm, definitely 
excluding the alternative cycloadduct for which a 
chemical shift of about 6 SOppm would bc expected. 
Other characteristic “C NMR data for adduct 4c are as 

follows: S 112.60 (C-4; d). 131.87 (C-3; d), 132.54 (Cd; d) 
and 140.23 ppm (C-5; s). The IO - mcsityl - 1,2,9 - triaza - 8 
- oxabicyclo - (5.3.0] - 3.5.9 - decatrienes represent a new 
hetcrocyclic system which can be obtained in cu. 60% 
yields from simple Qsubstituted pyridincs. 2: I-Cycload- 
dition products were not observed in the reaction of 
~sitylnit~le oxide with i.2-diazcpines. 
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We next turned our attention to bentonitrilt oxide, 
prepared in situ from benzhydroxamic acid chloride.’ 
Here too 1: I-adducts 4e-4 were obtained. although in 
this case some dimerrsation of bcnzonitrile oxide IO 
3,Cdiphenylfuroxanc was observed. In addition to the 
mono-adducts 4e, reaction of diazepine 3b with bcn- 
zonitrile oxide gave trace amounts (3%) of a his-adduct 
for which structure SD is proposed. The ‘H NMR 
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spectrum of this product clearly indicated cycloaddition 
to the A’ and A’ bonds, since H-t appeared at 6 5.03 ppm 
(J = 9 Hz). This NMR data agree with those obtained from 
starting diazepine.’ Protons H-9 and H-IO appear as 
doublets at S 4.12 ppm and 6 5.83 ppm. respectively, with 
a coupling constant Jp.,O = 6 Hz. Since the bis-adduct has 
three asymmetric centers, two of which arc interrelated. 
IWO different stereoisomers are possible. According to the 
Karplus rule, the J,,, coupling constant of 6 Hz could 
correspond to either a dihedral angle of 40” or 130”. We 
first assumed initial front-side addition of benzonitrile 
oxide to diazepine 3b. followed by backside addition of a 
second benzonitrile oxide molecule. In that case it is 
apparent from Dreiding models that two conformations A 
and B having H-CeClrH dihedral angles of 180” and 40“. 
respectively, are possible. In view of the Jp10 coupling 
constant. conformation A must be discarded. The 
H-Cd’,,H dihedral angle of conformation B fits the 
observed coupling constant. However. severe non- 
bonding interaction would preclude attainment of this 
overcrowded conformation. If we assume that both 
benzonitrile oxide molecules undergo cycloaddition from 
the same side of diazepine 34 two conformations are again 
possible. as observed with Dreiding models. Assuming N-l 
to be partially sp’-hydridired. both conformations have a 
H-L-C,,H dihedral angle of approximately the same 
magnitude, 4&50”. Here again one conformation is more 
crowded than the other. The most likely conformation of 
bis-adduct Sn is shown in Fig. I. 

Fig. I 

‘H NMR chemical shifts of the C-5 methyl and the H-9 
proton in the bis-adduct rule out alternative structure Sb 
which results from benzonitrile addition to the A’ bond in 
an opposite sense to that of 58. If structure Sh had been 
obtained, H-9 would appear at about 6 5 ppm and the C-5 
methyl group at about 1.3 ppm.’ On the other hand, for 
structure Sa H-9 should appear at about 6 4 ppm and the 
C-5 methylgroup at about 1.7ppm. Since the observed 

chemical shifts are 4. I2 ppm and 1.85 ppm, structure 5~ is 
established. 

Reaction of mono-adduct 4e with a large excess of 
benzonitrile oxide did not lead IO the cxpccted bis-adduct 
Sa. From this negative result it appears that bensonitrile 
oxide reacts with diazepine XI in two different ways. 
Mono&duct 4e is formed in a fast redOn, whereas 
mono-adduct 6 (not isolated) forms slowly but sub 
sequently reacts rapidly with a second molecule of 
benzonitrile oxide to give the bis-adduct 5. 
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Microanalyses were performed by rhe Service Cen1raJ de 
Microanalyx of the C.N.R.S.. drvaionr of Strasbourg and Lyon. 
Mps were measured wi1h a Tortoh appararus (Blichi) and are 
corrected. IR spectra were determined with Beckman IR 20 A and 
Perkin-Elmer 157 G specrropho1omerers. CV specrra were 
measured on a Beckman DB spectrophorome1er. ‘H and “C SMR 
spectra were obtained wi1h Varian A-WA and T60 and Vanan 
X1.-100/S spectrophotometers. respecbvely in CDCI, solurion. 
unless orherwise stated. using TMS as an inrernal srandard 
(chemical shifts arc given in 6 values. s. singk1; d. doubler; t. 
lrrple~; q. quadruplet; m, mulrrplcr). Mass speclral measurcmen1s 
were performed on a Thomson zo8 spec1romerer a1 the lns1r1ur de 
Chrmie of LmversnC IANIS Pasteur m Qrasbourg Column. rhm 
and thick layer chromatography were carried OUI with silicic acd 
(Merck. Darmstadt). Solvenls were reagent grade and disrilkd 
before use. 1.2.Diazepines were prepared phorochemtcally from 
the corresponding I-iminopyridiaium yields m rhe starniard way’ 
using a dynamic thin film reactor.’ 

Cycloaddirion reclcrions o/ 1.2.dio:epines wifh mrrirylnirnlr oxide 
(a) Synfh& of 2. cfhoxyrarbonyf . IO - mrsiryl . 12.9 - fn’o:a 

. 8 . oxobicycfo - f5.3.01 . 3.5.9 . dccottirnt C. A solution of 
300 mg (I.8 x IO ’ mole) of le1hyoxycarboayl. 1.2. diazepine h 
and of l.lZg mes~~ylnitrile oxide” (7.2 x IO ‘mole) m IO ml 
anhydrous ether was srirred for I week a1 room temp. Afrer 
removal of rhe solvenr. rhe reacbon mixrure was separakd by 
thrck layer chromatography. cluting wi1h an erhyl acelale- 
cyclohexane 2/R v/v mixture. Ihis procedure gave 240mg of 
adduc14a as an oily compound (yield W%) hp 70” (IO ’ mm Hg; 
dec.); IR (CHCI,) Y tC=O) 174Ocm”‘; UV (MeOH) A (shoulder) 
I65 nm; ‘H NMR 6 I.23 (3H; I; J = 7 Hz); 2.23 and 2.33 (3 aromatic 
methyl groups); 4.16 (2H; q; J - 7 Hz); 5.06 fH4; ml: 5.62 (H-7; d: 
I.., = 5 Hz): 6.0 (2H: H-S and H-6; m. I,., = 5 Hz); 6.50 (H-3; d; 
1,. = 9 Hz) and 6.80 ppm f2H. s); mass spectrum: m/e 327 (paren 
ion). 

(h) Synfherir of 2 - trhyorycarbonyl ! . mrrhyl - 10. mtsilyl . 
1.29. frim~ 8 - oxobicyclo - fC.3.0] . 3.5.9 - dccufn’tnt 41. A 
solurion of 32Umg (1.82x IO ‘mole) I . elhoxycarbonyl - 5 
merhyl . I.2 . diazcpine 3h and of MOmg mesitylnirrik oxide 
(3.2 x IO ’ mok) in 30 ml ether gave. following procedure (a). and 
after crystatliialron from an cther-petrokum-elher mixture. 
(60 mg of adduct 4h (yield: 72 mg) as a colourkss cryslalliae 
compound; m.p. ID; IR (CHCI,) Y fC=O) 173Ocm ‘: l!V 



Cycloaddition reactions of 1.2diazzpincs with nitrile oxides IZSI 

(M&H) A (shoulder) 262 nm (t 5SoO) and A (shoulder) 298 nm; 1.26 (3H. I; J = 7 Hz); 4.27 (2H; q; J r 7 Hz); S.57 (H-4; dd; 
‘H h’MR 6 1.22 (3H; I. J 2 7 Hz); 1.90 (3H; s); 2.24 and 2.30 (3 J,.. = 9 Hz; J., = I Hz); 6.10 (Hb; m); 6.20 (H-7; d; I.., 7 2 Hz); 
aromatic methyl groups): 4.17 (2H. q; J = 7 Hz); S.10 (HA; d; 6.68 (H-3: d; I,.. = 9 Hz) and 7.6 ppm (IO H; ml; mass spectrum: 

I,.. - 9 Hz): 5.70 (Hb; m); 6.00 (H-7; m) 6.48 (H-3; d; I,,, = 9 Hz) m/r MI (parent ion). 
and 6.85 ppm (2H: 5): mass spectrum: m/r 34/C (parent ion). (Calc. 
for C,.H,,N,O,: C. 66.84: H. 6.79: ti. 12.31. Found: C. 66.1: H. 
67; s. l2.W) 

(c) Synfhrsis oj 2 . r~horycwtmny/ 5 - phenyl 10 . mrsifyl . 
1.2.9 . mria:a . 8 orabicyclo . IS.3.01 . 3.5.9 . decofn’ene 4c. A 
rolulmn of 242 mg (IO ’ mole) 5 phcnyl . I . cthorycarbonyl - I .2 

diazepine Jc and of 624 mg (4.10-‘ mok) mtsi~ynilrilc oxide in 
10ml anhydrous ether gave. following procedure (a). and after 
cryslallizalion from an elhcr-petrokumcthcr mIxlure. 260 mg of 
adducr C as colourlcss crystals (Yield 64%) m.p. ISP: IR (KRr 
disc) Y (C=O) 17SOcm ‘; LV (.X4&H) A (shoulder) 277 nm and A 
(shoulder) 303 nm. ‘H NMR 6 1.27 (3H; I; J = 7 Hz); 2.25 and 2.3S 
(3 aromatic methyl groups). 420 (2H. q: J = 7 Hr): S 48 (Hd; dd: 
J, - 9Hr).J.. 7 I Hz);6.03(H-7; m);6.17(Hb:m);6.62(H-3;dL 
6.M (2H; s) and 7.28ppm (SH. s); “C NMR 6 19.6. 20.1 and 21.2 
(CH, mcs~~yl. q); 14.3 and 63 8 (ethyl); 88.S (C.7; d); 112.6 (Cd: d); 
126.8 (mela carbon of mesifyl: d); I27 9. 128 6. and 128.7 (p- and 
o-carbon\ of phenyl. d). 131.9 (C-3; d): 132.5 (Cb; d); 137.6. 138.8 
and 139.1 ppm (p-. o. and o’iarbons of mcsityl; s) ; 140.2 (C-S; I); 
and 143.2 ppm (C-IO; s) (C&z. for C,H,,N,O,: C. 71.44. H. 6.2S; 
S. 10.42 Found: (‘. 71.4; H. 6.2; S. 10.3R). 

(d) Synrhtsis of 2 . lwnm~l . 5 . methyl 10 - mesip . 1.2.9 . 
fno:u .8. orahiryclo . IS.3.0] - 3.5.9. drcafrkne Y. A solution of 
?I! mg (IO ’ mole) I - benzoyl 5 . methyl. I.! - diazcpinc 3c and 
of 624 mg mcsltylintnk ox& (4 x IO ’ mok in 10 ml ether gave. 
followmg procedure (a) and after crystallization from an 
ether-pctrokum-ether mixture. 2u) mg of adduct Id (yield: 61%) 
as colourk\s crystals. m.p. ISP; IR (KBr) Y ((‘=O) 1665 cm ‘; UV 
(M&HI A (shoulder) 266 nm (e 7,300) and A (shoulder) 298 nm; 
‘H h’MR 6 I.YS (3 H; s); 2.OS and 2.25 (3 aromatic methyl groups): 
(OX (H-I. dd. J.. .. 9Hr; 1.. - I Hz): S.8.C (Hb: ml; 6.1‘ tH.7. 
m); 6 47 (H-3; d; I,. = 9 HI); 6.80 (2 H; s): and 7.3Oppm (SH; m); 
(Calc. for (‘,,H,,N,O; C. 73 97: H. 6.21: tG. I1 2S. Found: C. 74.0; 
H. 6 3; h’. 11.3%). 

(‘yrbwddirton reacriow of I.!-diaxpints with htnzonilrilr oxide 

(e) Synrhrssrs of 2 . rrhoxycorbonyl . 5.10 . diphenyl 1.2.9 
fno:a . U. oxabicyclo . [5.3.0] 35.9. dtcarriene 44. To a solution 
of 242 mg (IO ’ mok) I . ethoxycarbonyl . 5 phcnyl - I.2 . 
dl;ucpmc m IS ml dkthyl ether. cookd IO -IS’. was added I ml 
tricthylamine and then dropwise a solution of 780mg (5 x 
IO ’ mole) bcrvhydroxamic acd chloride’ in 5 ml dry ether. After 
2 h ~hc precipitated tnethylamine hydrochloride was removed by 
blfration and the filtrate washed with a aqueous solution (pH 4) 
and then dncd o\er Mg.So.. The solvenl was removed in MCUO 
and fhe residue chromatographcd over silrcic acid with cthy- 
lacetntc/cyclohcxant 2:s (v/v). Resides diphenylfuroxane. 266 mg 
of unstable oil was isolated (yield: 6.X). IR (CHCI,). Y (C&j 
173Ocm ‘; (!I’ (&OH) A (shoulder) 258 nm (c: 7800); ‘H SMR 6 

(f) Synfhesir of 2 benzoyl - 5 methyl - IO phenyl . 1.2.9 - 
rriuza .8. oxabtcyclo .I5 3.01 . 35.9. dtcorritne 4g. A solution of 
636 mg (3 x IO ‘mok) I - bcnzoyl .5 - mrrhyl I.!. dia?eplM in 
IS ml anhydrous ether was treated with 3 ml trierhylamine and 2 g 
(1.3 x 10 ’ mok) benzhydroxamic acid chloride in IO ml dry ether 
following procedure (c). After chromatography ?mmg (yield: 
5ti) of adduct 4 was Isolated as an unstabk oil: IR (CHCI,) Y 
(C=O) 1690cm ‘; UV (MeOH) A shoulder 2S8nm (e: 9200); 
‘H NMR 6 1.87 (3H: s); 4.17 (H-4; d; J,,. d 9 Hz); S 73 (H-7.m); 
6.03 (H-6; m); 6.SO (H-3; d: I,,. = 9 Hz) and 7.3 ppm (CH; ml. mass 
spectrum mlr 331 (parent ion) 

(g) Swrfhesir of !-~fhox~rorhon~/-!-mrrkvl-I0-phmv/~l.?.9 
- ha:4 . 8 . oxahicydo . [S.3.0] . 3.5.9. dtccofhenr 4e und o/ 2 . 
rrhoxycarbonyl ! . mnhyl . 8.13 . diphenyl 1.2.7.12 . mra:a 

6.1 I . dioxofticycle /8.3.0.0’.~ 3.7.12 . rriderofritne S. A wlutwn 
of 360 mg (2 x IO ’ mok) I . cthoxycarbonyl . 5 methyl . I.2 - 
diazcpine 3b in IO ml dry ether was treated with 2 ml triethylaminc 
and 156~ (10 ’ 34) hydroxamic acid chloride following procedure 
(c). After chromatography two compounds were Isolated. adduct 
C. 36Omg (yield 6E&). as an unstable oil; IR (CHCI,) Y (C=O) 
I735 cm ‘: UV (M&H) A,. 261 nm (t: 10.900); ‘H NMR 6 1.20 
(3H;r;J r 7Hz). 1.87(3H;s)4.18(2H;a: J 7 7Hz).S.I4(Hd:dd: 
I,. = 9 Hz; 1.. = I Hz): 5.6s (Hb; m); S:% (H-7: m); 6.Sl (H-3; d; 
J,,, = 9 H7); 7.42 ppm (SH; m); mass spectrum: m/e 299 (parent 
ion); and his-adducr 5.25 mg (yield. 34) as a colourkss crystallute 
product. m.p. 136”; IR (KBr) Y (Cd) 1735 cm ‘; IJV (EIOH abs) A 
(shoulder) 261 nm (t‘ 12.600): ‘H NMR 6 IO3 (3H; I; J = 7 HI); 
1.87 (3H: s); 3 97 (2H; q: J = 7 Hr); 4.12 (H-9: d. 1. ,o = 6 Hr). S.03 
(Hd: d; I,. 2 9 Hz); 15.83 (H-IO. d: 1. ,o 7 6 H7). 6.50 (H.3. d; 
I,., = 9Hr) and 7.48ppm (IOH; m). mass spectrum: m/c 418 
(parent aon) (Cak. for C,.H:,h’.O. (‘. 6601. H. ! .30: h’. II .(I. 
Found C. 66.0: H. S.?. N. I!.ICrl. 
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