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ABSTRACT - fccracyclic arctidinones s. 9 and 12-17 YEW synthesized. In the -- 

CJSCS of a and 2, the orin coqonent was isolated from the two-component 

prodocl of the cycloaddition. The minor component was concentrated to give 

A mixture. from which a computer technique utilizing the known sprctrua of 

II-X main component gave the proton rcaonancc spectruo also of the minor 

component. Only one diastvrcomr could be isolated for the each of the 

nnaloRues 12-17. -- Reaction of thr I,)-oxarinc 1 virh chloroacctyl chloride 

gave, kcsidcc the arctidinonc 2. the 1,3-oxszine 2,3-b]-1,3-oxsrln+onc I - 

derivative 2. Configurations and conformarionr were detcrmincd by lR, ‘t! 

and 
13 

c NMR l p+ctroKopy. 

INTRODUCTION 

In view of the great medicinal Importance of the penicillins and ccphalosporlns 

containing an azctidinonc ring, increasing interest 1s attached to 6-lactams. 
2 

The 

methylenc-bridged, partly saturated 1,3-3 and 3,1-benzoxazlnes, 
4-6 

prepared earlier 

ln our laboratory, readily undergo cycloaddltlon reactions with chloroacctyl 

chloride to glve fused-skeleton azctidinones. This extension of skeleton rlgid nor- 

borne- or norbornane fused lsomerlc 1,3-oxazlncs 1s of stercochcmical interest. 

These tetracyclic 8-lactams also seen promising from the point of VLCW of bioloql- 

cal actlvlty, slncc the norbornanc molety is a component of many active compounds.’ 

In the recent literature a,9 the development of new pharmaceuticals from norbornanc 

derlvatlves has been reported. 

Accordingly, the ob]ect of the present work 1s the conversion into tctracyclic 

azetldlnoncs of the trlcyclic, fused-skeleton 1,3-oxazinc derlvatlvcs we had prep- 

ared earlier from the dicxo and dlcndo 2-(hydroxyrthylI-bicyclo~2.2.l~hcx-5-cnyl- 

3-amlnes4-6 and by l,l-cycloaddltlon from norbornene, norbornafilane and (hydroxy- 

methyl) benzamides, 
3 

toqether wrth elucidation of the structures of the lsomerlc 

azctidlnones obtained ln the ‘acid chloride reaction”. 10 

SYNTHESIS 

1,3-Amlnoalcohols with norbornene skeleton, prepared by rcductlon from exo- and - 

3 
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e~-3-aminobicyclo[2.2.l]hept-5-enc-2-carboxyllc acids, 
4,ll 

were cycllred with 

lmldates to 5,8-methano-2-(e-chlorophenyl)-r-4a,c-S,E-8,c-Ba-tetrahydro-4H-3,1- 

benzoxattne (1) and 5,8-methano-2-(~-chlorophenyl)-I_la,t_5,~-8,~-8a-tetrahydro- 

-4lj-3,l -bentoxazinc (21. 4.6 The 2-substituted 5,8+nethano-~-4a,~-5,6,7,~-8,~-8a- 

hcxahydro-4H-lr3-benzoxazines (1 and 41 and 5,8-wthano-2-(~-chlorophenylf-~-4a, 

c-S,c-8.c-8a-tetrahydro-4~-1,3-benzoxazine (21 were synthesized from the approprl- 

ate (hydroxymethyllbenzamides by cycloaddltion with norborncne and norbornadieno, 

rcspoctively. 
12 
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Compounds 1-5 were converted by means of chloroacetyl chloride (61 or dlchloro- -- 
acetyl chloride (71, in the presence of trtethylamine, to the tetracyclic azetidin- 

ones 8-17. Two isomers each are possible for the tetracycltc dichloro derivatives -- 

(2, E, 2, G and 21, uhlch differ in the anellation of the oxazine and azetidln- 

one rings, i.e. in the configuration of the carbon atom between tho oxygen and 

nltrogen. In the case of the monochloro compounds (8, 2, 12, 1, and 2) two more 

isomers may exist, where the difference la in the mutual positions of the chlorlnc 

atom and the phenyl group. Two dlaatereomers each of 10 and 11 were isolated. Their - - 
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structure elucidation has prevtousIy been reported. 
6 

The new obreruation is now 

made that lla (m.p. 137-139 ‘C) is converted, on heating to 180 ‘C, into the epi- 

mer Ilb (m-p. - 194-195 OC) f - i.e. the configuration of the Zq* carbon atom’ changes 

to 22’. Hence, llb Is the more stable isomer, - 

bt 

I n 
H-8a 

H-C i 
H-L’ 

~ 

Fig.1. ‘H NHR spectra of two diastereomeric mixtures of compounds 98 and 9&, with 

9a-9b-compositions [a) 3:l (m-p.: -- 123-125 OC) and Id) 3:4 (m.p.: 81-8F°Cl, and the 

computer-constructed spectra of the homogeneous dlastereomera (b) 9a and (cl B in - 
WC13 solution at 250 Miz. 

* 
Xn the Expcriacatrl (in the chemical nmee of the coqowrde) the numbering sccordiag to the IIJPAC 

norncIetu?c ir followed. However, in the text including the Figures end the feblco the numbering 
ir different end onifom for all coqoundr inverti&eted. in order to facilitate coqerieon of the 
spectrally analogous dete. 
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Table 1. ‘H NKR chtmical ahiftr 0 (bms * ppm) of conrpounda +,a. 9a.b and 12-18 at 250 mr in 

a,h 
-- -- 

CL%13 solution. 

c- - _ H-L-E-’ H-4A’ H-4A Ii-5 H-b H-? H-8 H-8s H-9 H-9 n-10 

pound fi(lH) fi(lH) fm(lH) Z(lli) j$lWC ~(lHIc ~(111) ~d(lW endo' 
l txo a(lH) 

Bf 6.30 3.42 1.94 2.&b 6.09 6.18 2.87 3.76 1.14 1.2bf 4.95 

?!? 4.05 3.68 1.71 2.60 6.05 6.21 3.92 3.20 l.bLf 1.81 4.98 

9$ 3.70 4.66 1.98 2.59 6.16 E (2H) 2.88 3.90 1.22 1.25 - 

98 4.17 3.80 1.83 2.59 6.08 6.18 3.84 3.14 1.68 1.87 - 

11 3.93 2.56 2. 2.3Sg 1.86 +.. 1. 

13 3.92 2.53 -. 2.35' 1.89 5 1. I. 

!I 3.99 2.56 z 2.45' 1.85 = 1. 

S? 3.99 2.32 = 2,608 1.86 t 1. 

19 4.03 2.53 -w 2.30 2.47 5. 

Sh , 1 1.5 2.408 4.01 1.72 l.Ibh 5.26 

gh * 2. 1.5 2.&l* cr.00 1.72 'L 1.1 h 5.25 

sh - , i l.5I 2.43g 4.37 2. I.5Si 2.1.1 h 

sh * 2. 1.5' 2.ug L.36 'L 1.55' 'L l.lSh - 

I, 6.23 2.99 3.96 1.51 1.70 5.19 

I? 1.10 _I 2.53 2.36 2.48 5.95 6.23 3.00 1.31 1.52 1.61 - 

!B 4.52 3.05 1.82 2.05 0.90j,l.0Sk,1.501 2.42 3.19 1.96 1.20 
4.07e 
4.24e 

h'otcs: a IR LC-0 band fcs-') in KBr: 1782 (3. 13). 177C (El, 1792 (%I. 1770 (2,. 1790 (z), 

1803 Cs,, 1784 (a,. 1801 (2) and 1672 (c); F. Signal of the phrnyl hydrogcns: 7.40 (8a.b. 9b and --- 
Is), J, (CH), 1 7.38 and 7.66 1%, 2 and 16) and 7.47 and 7.S (17). resp., M'BB'-type mltipltt _- - 
of 4Wintensity with wry close ccntrat lines and 7.35-7.60, m, 511 ts, E and 18); 

’ In cast of 12-15 overlapping multiplcta of 2-2H intensity f&i(exo) ’ CHfendo) -- -- 5;9 1,; d -- g due 

to ~(8.8a) coupling (c.f. Tablc 2) in case of 8a.b and e; -- e ” or 1 part of rn g IrulCiplet (2H), 

J(A 8): bet Table 2 ffi,&. 9a.b. 12-18). for H-t Atm of 18: (2.2 Hz; - -*_ f Both lines of the A 18~) _- -- - - -- 
or E (8b) part (54 > 5B) of the g multipiet split by 1.7 (88) or 1.5 (fi) Hz to tripleta; 

‘lhTi zerlapping signals j H-l(cndo)* ' ; H-b(enJo); 
1 

-’ H-6’,7’(exo). - 

The azetldrnones prepared from compound 1 are also isomeric mixtures, from which 

only the main product could be isolated as a pure compound. The different solubil- 

ttres and chromatographic properties of the isomers also permitted the isolation of 

some eprmeric mixtures in vhich an lsoncr originally occurinq merely as a by-prod- 

uct was present in hiqher concentration. Only one dlastereomer each could be iso- 

lated from the mixtures of isomers 12-17. -- 

The reaction of compound 1 wrth chloroacetyl chloride takes place in two direc- 

tions: besides the azetidfnonc 12, a 1,3-oxazlnoi2,3&:-1,3-oxazln-4-one derivative - 

(18) fused to norbornane and having a nltroqcn bridgehead could also bc isolated: - 

1.e. a derivatrve formed by reaction with two equivalents of chloroacctyl chloride. 

The synthesis of monocyclic dihydrooxazlnes from acyclic rmfnes with acctylchloride 

has been reported. 
13 

The formation of diketene is assumed as the explanation of the 

reaction. Relatively simple bicyclic compounds of the aza-ortho-ester type have 

been prepared from dihydro-1,3-oxazlne by means of epoxidc addition. 
14 

NMR SPECTROSCOPIC STUDY 

COMPUTER COHSTRKTED ‘H NKR SWCTRA AND STRUCTCRE ELKIDATIOW OF THE MCL’LARLY F’LSED DKASTEREOt’ZRIC 

AZETIDINONES &.b MD 9a.b -- 

The 'H NHFt chemical shifts of compound8 i&,h, 9a,b and 12-17 are listed in Table -- _- 

1, and the more important proton-proton coupling constants can be found in Table 2. 

The principles of determining the configurations and conformation8 have been de- 

scribed in a previous paper, 
6 

and hence only the essential features will be given 

below. 

For all compound8 examined, the expected diexo anellatlon of the oxatine ring to 

the norbornane or norbornene skeleton is unambiguoeuiy proved by the small value of 
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fable 2. Vicinal coupling constants of compounds 8a.b. 9a.b and 12 -z in Hr. _- -- 

COW- 
J(4.L’) J(~,c~) ?(&‘,&a) I(&a,8a) J(5.6) J(6.7) J(7.8) 1?(8**a) z!c9s9’) 

12.6 

12.3 

12.8 

12.1 

13.4 

13.3 

13.5 

13.0 

7.8 0.6 

6.4 8.0 

5.5 6.6 

6.6 12.2 

8.5 11.8 

8.3 11.7 

8.9 12.0 

8.4 11.4 

8.b 2.9 5.7 3.1 1.7 9.1 

7.3 3.2 5.1 3. I 0.6 9.7 

8.8 1.2 8.2 

7.2 3.2 5.7 3.0 c I IO. 1 

6.1 

6.1 

6.2 

6.1 

c I 

< 1 

< I 
c 1 

10.4 

9.0 

11.4 

? 

13.5 8.2 11.7 6.2 3.2 5.7 3.0 < 1 x 9 

13.6 8.b 11.5 b.L 3.1 5.8 2.9 ( I 9.3 

13.2 8.1 11.5 6.7 < 1 10.5 

the coupling constant Jl8,Eal and the corresponding singlet and doublet structures 

of the H-8 and Ii-8a signal, respectively. Thus, the ring anellation remains un- 

changed durlng cycllratlon. 

The structures of isomers 8a.b and 9a,b can be determined only in the knowledge -- -- 

of the spectral data on the homogeneous cpimers. The computer of the Bruker WW-250 

FT spectrometer was therefore utilized, and the spectra of the pure epimers, multi- 

plied by an appropriate factor, were subtracted from the spectra of the 1sornerlc 

mixtures, to obtain the spectra of the other eplmers. The data derived in this way 

are given in Tables 1 and 2. The procedure 1s exemplified for two mixtures, with 

different compositions, of isomers 9a.b (Fig. 1). -- 

A comparison of the spectral data reveals that in isomer 2, isolated in the 

pure state and melting at 165 - 167 OC, the configuration of the C-2 atom 1s z’, 

i.e. the phenyl substituent is in the endo position; the other component of the 

mixture, 9&, is the 25’ exo-phenyl eplmer. - The maln facts supporting this conclus- 

ion are as follows: 

a1 The ii-9 and h-9 signals of compound 9a show a considerable upfield shift - 

(0.62 and 0.46 ppm) as compared with eplmer 9b. - This is due to the anlsotropic 

effect”” of the phenyl ring approaching H-9,9’, causing shielding of the hydrogen5 

sltuatcd “above’ the plane of the ring. 

b) The same effect can bc observed for the H-8 signal: this signal 1s thus upfield 

shifted by 0.96 ppm as compared with that for 9b. - 

CI A downfield shift by 0.76 ppm, as compared with 9&, is found for the H-8a sig- 

nal: this shift is due to the deshieldlng effect of the coplanar carbonyl group. 
15b 

The dlrectlons of the above effects, unlike their magnitudes, are not influenced 

by the conformation of the flexible oxazine ring, and this must also be taken into 

account. As concerns the conformation, the deciding spectral data are the vlcinal 

coupling constants of the C-4 methylene protons with H-4a. As shown by the molecu- 

lar model, the oxazine ring may exist as two relatively stable conformers, which 

are Interconvertible by rlng inversion. Hence, when the configurations too arc 

taken into account, there are four structures to be considered. 

In the case of the configuration 9a wlth the twist-like conformation A (Fig. 21, - 
O-3 1s in the proximity of H-9’; the carbonyl oxygen is coplanar wlth ii-8a, and 

H-4 ’ (guaslaxlal C-4 methylcne hydrogen) is in the cis position to H-4a. The Newman - 

projection vlcwed from the direction of the C-4,C-4a axle shows that the dihedral 

angles C-H(la),C-H(4’) and C-H(4a),C-H(4) are about 5S” and 6S”, respectively 

(Fig. 2). Couplings similar to each other in magnitude are therefore expected. 

In the envelope-like conformation 8, five atoms of the oxatine ring are nearly 
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coplanar; only O-3 lines out of the common plane. Durlnq inversion, the azetldinore 

ring moves "upwards' and the phenyl substituent "backwards": this does not cause 

considerable changes in the interactions described under (a)-(c), which are respon- 

sible for the mostly differing chemical shifts in the spectra of the isomers. There 

Is, however, a decisive difference in the posltlons of the C-4 methylene hydrogens: 

the hydrogen in the cls posltlon to H-4a (being parallel to the asetidlnone ring) - 
which in conformation A was axial 1s now in the equatorlal position, while its 

equatorlal trans counterpart in conformation & 1s now axial and situated above the 

plane of the phenyl ring. The dihedral angle made by C-H(4a),C-H(4s’) 1s about 

160°, whereas the C-H(Qa),C-H(4g’l angle 1s about 40'. Since the coupling constants 

J(4,4a) and 5(4', 4a) measured for 9a are 5.5 and 6.6 Hz, respectively, the prefer- - 
ence of conformation & can be regarded as proved. Conformation A 1s favoured be- 

cause of the smaller steric hindrance between the molecular skeleton and the phenyl 

ring in this case, and also because the phenyl group 1s here in the energetically 

more favourable quasiequatorial position relative to the oxazine ring, whereas in 

conformer B it should be guasiaxlal. 

Fig. 2. Stable conformations of compounds @, 9a and the Newman projections - 
from the direction of the C-4,C-la axis. 

The chlorine atom, which 1s trans to the phenyl ring in conformation 5, 1s very 

close to H-4'(5'), with the notable consequence that the very general rule 
15c 

6Ha<5H 

is reversed in the case of_9a* 
e 

, 

valid for cyclohexane and Its hetero-analogues, -' 
the equatorial methylene hydrogen being the more shielded, while the chemical shift 

dlfforence is also very marked (0.76 ppm). 

This fact may be made the starting point in the determination of the C-10 con- 

figuration in the analogous monochloro-substituted analogue 8a. As compared wlth - 
the eplmer E, the 2R' configuration (endo phenyl group) can be lnferred from the 

upfleld shifts of H-8,9,9’ signals and the downfield shift of H-8a signal, analog- 

ously to the case of 9a. On the other hand, conformation FJ, analogous to that of - 
the dichloro compound e, follows from the similar coupling constants J(4,Qa) and 

J(4',4a); 7.8 and 8.6 Hz. In the event of a similar stereostructure, a chlorine in 

trans pooltion should give rise to a similar, anomalous shift relationship (5Ha>6He) 

for the C-4 methyleno hydrogens. As this 1s not observed, the cls position of the - - 
phenyl and chlorine substltuents relative to the azetldinone ring, and hence the 

1' configuration at C-10, are apparent. The asslgnments of the signals of the axial 

and equatorial methylene hydrogens arc given on the basis of the relationship 
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J(4',4al > J(4,4eI, i.e. starting from the Karplus relation, '6 J(a a) >J (a,~) ‘Jce,gl . - -‘- 
The aterlc position determined in this way for the chlorine atom is explained by 

the circumstance that, due to the coplanarity of the C2-03 and C,O-Cltrans bonds, 

a strong elezctrostatic repulsion would appear between a trans chlorine atom and 

the O-3; the molecule can avoid this by assuming the R# configuration at C-10. This 

phenomenon may be regarded as a special case of the anomerfc effect 
17.18 

well known 

in carbohydrate chemistry. 

By an analogous train of thought , the conformation of E is obtained as follows. 

In the case of near situated endo H-9' and O-3, it is the oxygen vhich lies out of 

plane of the hetcro ring in the envelope-like conformation; the methylene hydrogen 

in the ~1s position with the guasiaxlal H-ba is 'above" the plane of the phenyl - 
ring; the dihedral angles made by C-H(lal,C-H(4'1 and C-Hlla),C-H(4) are 1 4C" and 

80°, respectively, and H-8 is coplanar with the carbonyl group (conformation E, 

Fig. 31. Steric hindrance appears betveen H-9' and the chlorine atom in the trans 

position to the guasiaxial phenyl ring. 

Fig. 3. Stable conformations of compounds &, 9b and the Newman projections - 
from the direction of the C-4,C-Qa axis. 

In the inverse conformer g the six-membered hetero ring assumes the twisted boat 

form: the carbonyl oxygen remains in the proximity of H-8 and at the same time it 

also approaches close to the endo H-9‘. In comparison to the situation in the 

stable conformer A of 9a, the methylene hydrogen, which is trans to H-4a and guasi- 

axial, is farther away from the chlorine, but nearer to the carbonyl oxygen. The 

dihedral angles C-H(Qal,C-H(4) and C-H(Qal,C-H(4'1 are now Z 50° and t 170°, rc- 

spectively. The phenyl ring is guasiequatorial and there is no steric hindrance 

between the trans chlorine and H-9'. 

Thus, it is readily understandable that conformation &j is the preferred one for 

compound 9b; unambiguous evidence in support of this is provided by the signifi- 

cantly dlfforent, but relatively high values of the coupling constants J(J,Qa) = 

= 6.6 Hz and J(4',4a) = 12.2 Hz. The anomaly in the chemical shifts of the C-4 

methylene hydrogens, observed in the case of 90, la absent here: the signals of 

II-8 and H-9,9' are shifted downfield in comparison with those for s, due to the 

proximity of the carbonyl oxygen. On the other hand, the H-8a signal has suffered 

an upficld shift, since H-8a is farther removed from the carbonyl group and, as it 

is above the plane of the phenyl ring, it is more shielded. 
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Whereas the spectral data indicated the analogous conformation A for Be and &, - 
the spectral parameters of 8b suggest C as the preferred conformation. The most - 
important evidence for this is given again by the similar and relatively smaller 

coupling constants Jl4,lal = 6.4 and J(4',4a) - 8 Hz, and also by the upfield 

shlfts, which are slightly smaller for the signal of H-Q, but higher for that of 

H-8 ( 0.55 and 1.05 ppml, than In the case of 8a (the corresponding differences - 
in the pair e,b are 0.62 and 0.96 ppm). In the course of the inversion g * C the 

carbonyl oxygen is removed farther from H-Q, and comes nearer to H-8. Conformation 

C is preferred in 8&, for in the absence of a trans chlorine atom the steric hln- 

drance between the carbonyl oxygen and H-Q' is suspended: though this hindrance 

does exist in the D form, the molecule can in this way eliminate the interaction 

between H-Q' and Cltrans, which would be even more unfavourable. 

Conformation C isindicated by the upfleld shift 0.68 ppml of the H-4' slgnal 

as compared to Qb; in the C form H-4' - 1s situated above the plane of the phenyl 

ring, and hence 1s more shielded. The preference of conformation C affords lndlrect 

evidence for the cis position of the chlorine atom and the phenyl ring (2' con- - 
figuration of C-101; in the case of a trans chlorine (for the reasons described 

for Q&j, conformation g would be preferred. Thus, the conformation of l3b is again - 
explained by the anorneric effect. 

ELUCIDATION OF THE STRUClYKES OF THE LIMARLY FUSED AZETIDINONES 12 - 17. - - 

In the preparation of the linearly fused azetldlnones, the main products 12-17 -- 
were isolated in stereohomogeneous form. Determination of their structures is falr- 

1Y simple, since one of the two inverse conformations is unfavoured for both poss- 

ible C-2 configurations, as a result of the considerable sterlc hindrance. Accord- 

lngly, for conformationally homogeneous "quasi-rigid" systems it is sufficient to 

elucidate the configurations at C-2, and for the monochloro derlvatlves those at 

C-10. This is substantiated by the fact that for all linearly fused compounds rt 

holds that J(4,4aI<J(4',4aI, the values of the J(4,4a) lying in the range 8.2-6.9 

Hz, and those of J(4' ,4a) in the range 11.4-12.0 Hz (Table 2). In the favoured boat 

conformation, the dihedral angles of C-H(Qa),C-H(4) and C-H(Qa),C-H(4') bonds are 

z 160° and Au 4o", respectively, whereas in the sterlcally unfavoured counterparts 

the same C-H bonds woud glve dihedral angles of about 40' and BOO. 

Fig. 4. 'No dlastereomerlc structures of compounds 12-17 _ _, differing in conflgur- 

ation (22. or 2R.1 about the C-2 atom. 

In view of the stable conformation, the 2' configuration (Alat C-2 requires the 

guaslequatorlal position of the phcnyl substituent, and guaslaxlal atetldlnone 

ring (Fig. 4). The car-bony1 oxygen 1s in the viclnlty of H-4a, while the chlorine 

or hydrogen atom (which is trans to the phenyl ring, relative to the azetldlnone 

ring) 1s in the proximity of H-8a. 

The reverse situation is valld in the 2E' isomer (!I (Fig. 4). The f3-lactam 

ring is guaslequatorlal, the phenyl ring 1s guaslaxial, and H-4a,0a are situated 



Syntheor and NMR srudy of norbornane:norhomene-fused tctncychc actdmones 1729 

above the plane of the phenyl ring. 

For structure 5 (2S*l, therefore, a downfield shift of the H-la signal would 

be expected, whllc the opposite shift of the H-4a and H-8a signals in conformation 

B (2EJ.l. 

In view of the data listed in Table 1, structure A, i.e. the S’ configuration 

of c-2, can be assumed on the basis of the following arguments: 

a) The ii-4a atom is less shielded than in compounds 8a,b and 9a,b (the H-4a slg- -- -- 

nal is shifted from 1.71-1.98 ppm Into the region 2.30-2.45 ppm). 

b) The H-8a shifts cannot be compared directly, as the neighbouring nitrogen is 

replaced by oxygen. However, It is known 
1Sd 

that the presence and vicinity of an 

amide nitrogen, e.g. in cyclohcxanes, causes a gemlnal proton deshleldlng about 

0.7 ppm greater than in the case of an ether oxygen substltuent; accordingly, the 

observed downfield shift of the H-8a signal can bc ratlonallzed only by structure 

A. 

c) A dcclding argument in favour of configuration 5 is the very marked shift 

difference in the II-8a signals of the mono- and dichloro derivatives (0.36, 0.36 

and 0.35 ppm for the pairs 12 - 14, - 13 - 15 and 16 - lJ,respectively.) The down- - - - 

field shifts observed for the dlchloro compounds are explained by the anisotropic 

effect of the chlorine atom. 
15e 

In the B rsomcrs both chlorine atoms are far from 

H-Ba, whereas In eplncr fi the chlorine trans to the phcnyl ring Is very close to 

H-8a. This 1s evidence of the cls posltion of the chlorine and phenyl substituents - 

of the azetidlnone ring, and of the So configuration at C-10 in the monochloro com- 

pounds u, J_J and s. 

The analogous structures of compounds 12-17 are obvious from the spectral data. -- 

Some proton resonance data on these compounds support the correctness of our con- 

clusions concerning the stcreostructurcs of the structural isomers 8a,b and 9a,b. -- -- 

Thus, the slmllar H-9.9’ shifts for 8b and 9&, and for 16 and 17, confirm the exo - - - 

(2E.1 configuration of the phcnyl ring in the former compounds, and hence the cndo- 

phenyl (22.1 configuration in 8a and 9a. - - The similar values of the coupling constants. 

J!4’, 4a) for 12-17 and for 9b are evldcnce of conformation D for the latter com- -- - 

pound. This differs from that of its counterpart s, and rndlrectly substantiates 

conformation A for 9a and &, and conformation C for 8b. - - - 

Finally, attention should be drawn to some other chemical shifts for compounds 

12-15 - -’ which have a norbornane skeleton: these shrfts are explained by the absence 

of the rnductlvc and anisotropic effects of the C6-C, double bond operating In the 

norborncne derlvatlvcs &,b, 9a,b, 16 and 17. -- - - The olcf in hydrogen signals In the 

range 5.94-6.24 ppm are here substrtuted by the saturated methylenc signals at 

about 1.5 and 1.15 ppm. The two signals correspond to the endo and exo hydrogens. 
19 

- 

The exo H-9 in compounds 12-15 is considerably more shielded, due to the lack of - -- 

the deshlelding effect of the double bond. 
20 

On the other hand, the upfield shifts 

of the H-5,8 signals must be due to the absence of the -1 cffcct of the oleflnic 

bond. ‘jf 

CARBOS HESOSAtKL DATA OS THE AZFTIDINONES 

i’hc carbon resonance shrfts (Table 3) arc in accordance wlth the structures of 

the compounds. 

The data on pairs 8a,b and 9a,b could not be compared, -- -- as only isomers 8a and 9a - - 
were isolated as pure substances. Hovever, the majority of the signals of isomer 8b - 
could be ldentlflcd from examination of a mixture containing this isomer as the maln 

component. When these data are compared with those for e, the increased shielding 

of C-9 in 8a is marked. - This Is a consequence of the steric hindrance from the endo 

phenyl group (stcrlc compression shlft2’ ). The same effect 1s responsible for the 

increased shielding of C-10 in compounds 12, 13 and 16 as compared with the posl- - - 
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appreciably altered: a downfield shift of about 20 ppm is observed. This 18 clear 

proof of the presence of a carbon in the vicinity of the three hetero atoms. (The 

analogous shifts for trimethyl and triethyl orthoformates are 115.0 and 112.5 ppm, 

rcsp. 
24.25 ) The signal of the chloro-substituted carbon is shifted to the range 

charactcrlstic of olcfins (107.3 ppm); the signals of the two carbons originating 

from the reaction of the second chloroacctyl chloride molecule are found at 41.3 

(chloromethyl carbon) and 153.2 ppm (carbonyl group). The very large shift of the 

olefin signal is explained by the oxygen substitution and the electron distribution 

in the con)ugatcd cne-one system: the preference for the limiting sturcturc shown 

on the right-hand side of the mesomcric system YC=C-C=a ---C’-C=C-0. - means that 

the electron density around the a-carbon is drastically reduced. ‘59 

EXPERIMENTAL 

IR spectra were run in KBr discs on a Bruker IFS-113~ FT spcccrometcr. 
1 
H and 

13 
c Sr4R spcccr. 

were recorded at room tempcrsture in CDCI solution in S and 10 m tubes. on Bruker W-250 (‘H) and 
3 1 

W-80 SY (13C) FT spectrometers at 250.13 ( Ii) and 20.14 (“C) I(Hr. respectively, using the deucer- 

ium signal of the solvent as the lock and M as internal standard. The most important measurement 

parameters were as follows: aveep width 5 k)lr. pulse width 1 (‘“1 rnd 3.5 ( 
13 

C) LIS (‘- 20” und A. 30’ 

flip angle), acquisition time 1.64 s. number of scans: ‘6 (‘H) and IK-LK (13C), computer memory 16K. 

Complete proton noise decoupling (X 3 U) for the 
13 

C spectra, and Lorentrian exponenlial mrltiplica- 

tion for signal-co-noise enhancement were used, line width 0.7 (‘H) and 1.0 Iir (“Cl. 

Preparation of compounds a-17 (colourleas cryscalla. -- Table 4) rcl-~l~.2~.S~.6~,9~.lOS~- (8a) and - 

rcl-~l~.2~.5~.6~,9~.l0~~-6-chloro-S-~-chlorophenyl-7-oxo-8-aza-4-oxacecracyclo~S.2.l.O 2:9 .o5;B ]Cri- 

dcc-I’-cw (8&j. ~-(‘~.2~.S~.Y~.lOS)- (+) and rel-~~~,2~,5~.9~,l0~~-6.6-dichloro-i-~-chlorop~~enyl- 

-I-oxo-8-ara-4-oxacccracyclo~8.2.1.0 
T,9*,5,e. - 

,Cridec-11-cne (E), rcl-~l~.2~,5~,6~.9~.lOS~- (lOa) and - 

rel-~l~.2~,5~,6~.9~.lO~~-6-chloro-5-~-chlorophenyl-7-oxo-~-.za-~-o~.~~cr.cyclo~~.2.l.O 2:9 .o5x 
J 

Cridec-11-cne (=I. rel-(l_R.2~.S~.9lj.l0S)- (1la) and rel-(l~,2~,5~.9~.lOS)-6.6-dichloro-5-p-chloro- - 
- 2.9T.a. - 

- 

phenyl-7-oxo-8-ara-4-oxatctracyclo~0.2.1.0 ,Cridec-ll-cne (sb), rel-(l~,2~,4~.5~.9~.~O~)-S- 

-chloro-4-phenyl-6-oxo-l-aza-3-oxarttracyclo~~.2.1.0 2,9.04.71 .d - _crl wane (21, rel-(l~.2~.4~.5~.9~. 

lO~~-5-chlor~~-~-p-chloro~h~nyI-6-oxo-7-aza-3-oxaCeCracyclo~8.2.I.O 2*9.0“‘] Cridccane (2). rel-( li, - 

2~,4~.9~.l0S~-S,5-dichloro-4-phenyl-6-oxo-7-a~a-3-o~atetracyclo[8.2.l.O2~9.O‘~7]cridecane cc). rel- - - 

~l~.2~.4~.9~.l0~~-5.5-dichloro-4~-chlorophenyl-6-oxo-7-ara-3-oxntetracyclo~8.2.l.02’9.04~7~tri- 

decane (li), rcl-~l~.2~,4~,5~.9~.10~~-5-chloro-4-~-chloropheny1-6-oxo-7-ara-3-oxacecracyclo 

*8.2.1.0 r;9. “L,I. !tridec-11-enc (16). and rel-~l~.2~.4~.9~.l0~~-5.5-dic~~loro-4-~-chlorophenyl-6-oxo- 

-7-ara-3-oxacecracyclo~8.2.1.0 
2,~04,7. 7 

,rrrdec-11-enc (17). General procedure. The 1,3-oxazinc l_, t, - 

5. 5 (2.60 8; 0.01 mol) or 3 (2.25 p,) was dissolved in dry benzene (5 ml) and a solution of 6 (1.10 - - 

8; 0.01 ml) or 1 (I.5 8; 0.01 mol) in benzene (5 ml) was added dropwise, with rtiring, followed by 

the addition of TEA (1.0 g; 0.01 ~1) dianolved in benzene (5 ml). The mixture was hcaccd at 50 ‘C 

for 10 ain and, rfcer cooling, rhc solid YPS removed by filtration. The residue obtained on cvapor- 

acion of the filtrate was applied CC) a silica gel column snd cluced with benreno. The evaporation 

residue of the rluate was crystallized from a I:1 mixture of benzene and petroleum ether CO yield 

compound &. k. z. lla or 12-17. Fractional crystallization of the material contained in Ihe - -- 

mother liquor gave the isomer lob or Ilb, - or (in the cases of 8 and 9) an iaomeric mixture. which - - 

was invesligoted as described above. The purity of Chc product was checked hy DC (Kieselgel. ben- 

acne-ethanol-petroleum ether, 6:1:3). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
I,“2, oT. ‘T*oL9’- - . . . ,pcntadec-6-cne (18). Compound l(2.25 1; 0.01 mol) was allowed co react with 6 - 

(4.S 8; 0.04 mol) and TFA (4.0 g; 0.04 -1). aa described above. Compound ~crystallircd first; 

fractional crystallization of Chc material in the mother liquor, using a mixture of benzene and 

petroleum ether. gave compound fi (Table 4). 

Epimeriration of Ila. 11. (0.30 8. l .p. - 137-139 ‘C) in a dry flask was heated in an oil bath at 

180 OC for 5 min. After cooling, the residue was dissolved in benzene, applied Co a silica gel col- 

umn. and eluced with benzene. The crude product obtained on evaporation of the rluacr and cryscsl- 
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Table 4. Physical and analytical data on compounds 8r.b - lla.b and 12 - 18. -- -- 

Cos Fl.p. Yield 
Poruula 

tlolccular Analrtical data (X). calculated - found 

pound OC X weight C II N C H N 

9a 

;b - 

10a - 

lob - 

IlS - 

llb - 

12 

13 - 

14 - 

15 - 

16 - 

17 - 

18 - 

154-156 

56-58 

165-167 

81-83 

180-182 

146-148 

137-139 

194-19s 

140-141 

171-173 

127-129 

140-142 

162-164 

108-109 

188-190 

18 

21 

17 

24 

34 

39 

40 

44 

42 

37 

26 

1 7”1SNC12’2 

C,7hlGHC1 0 
3 2 

C17H18NC102 

C17H17NC1202 

C17”17NC1202 

C17HlbNC1302 

c171~15~c1202 

C17H14NC1302 

336.22 60.73 4.50 4.17 

370.67 55.09 3.81 3.78 

336.22 60.73 4.50 4.17 

370.67 55.09 3.81 3.78 

303.79 67.21 5.97 4.61 

338.24 60.36 5.07 4.14 

338.24 60.36 5.07 4.14 

372.68 54.79 4.33 3.76 

336.22 60.73 4.50 4.17 

370.67 55.09 3.81 3.78 

380.27 60.01 5.04 3.68 

60.50 4.27 4.12 

60.84 4.61 4.05 

55.05 3.79 3.57 

55.02 3.80 3.59 

60.54 4.32 4.11 

60.81 4.56 4.11 

54.93 3.75 3.70 

54.85 3.72 3.65 

67.30 5.99 4.68 

60.29 5.02 4.17 

60.53 5.14 4.03 

5L.16 4.13 3.82 

60.79 4.58 4.03 

55.21 3.90 4.01 

60.14 5.19 3.58 

Notes: a Diartercomeric 1:3 mixture of 8a and &; 
b 

Drasccrcomeric 3:4 mixture of 9s and 9b. - - - 

lired from a 1:l mixture of benzene and petroleum ether was the epimer llb (colourlcss crystals, 
1 

having identical IR. H and 13C h?fR rpectra with Ilb 
- 

m.p. 194-195 OC), -. 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

16. 
17. 

18. 

19. 

20. 
21. 
22. 
23. 

24. 
25. 

REFERENCES 

Stereochemical Studier. 84. Saturated Heterocycles. 78. (Part 83: G. Bernlth. C. StAjer. A. E. 
Srabd. P. FUl(ip. P. SohAr: Tetrahedron. Accepted for publication. Part 77: L. Fodor. J. Szabo. 
E. Sr3cr. C. BemAch. P. SohAr and J. Tan&: Tetrahedron, Accepted for publication.) 
C. A. Koppel: The Syntheris of the %lactam functron. Chem. Heterocycl. Compd., 1984. 
(Smsll ring hecerocycler, Part 2); Wiley. New York, 1983. p. 219-441. 

Vol. 42. 

G. 
c. 
G. 
P. 
G . 
R. 
iI . 
A. 
C. 
v. 
A. 
R. 
P. 
1. 

ScAjcr. A. E. Srab6, J. Srunyog, C. 8ernAth and P. SohAr: Chem. Ber.,E. 3205 f 
StAjer, A. E. Srabd. F. FUldp. G. BernAch and P. SohAr: J. Hecerocycl. Chem., 2. 
StAjer, A. E. Srab6. F. FUlUp. G. BernAth and P. SohAr: J. Reterocycl. Chem., II, 
SohAr, C. StAjcr and C. Berndth: Org. t4agn. Resonance,21, 512 (1983). 
Buckbauer. S. Estercr and C. 11. Cermak: Pharmarre, x xl (1983). 

1’ 
1 
1 

984). 
181 ( 
373 ( 

1983). 
1984). 

K. Bose, C. Spicgeiman and tl. S. Hanhas: Tetrahedron Lett., 1971, 3167. 
ScAjer. L. t&l, A. E. Srab6, F. FUlLlp. G. Bcrnlth and P. Soh~Tctrahedronl~. 2385 (1984). 
Secligcr and Y. Diepers: Justur Liebiga Ann. Chem. 691. 171 (19ii6). 
Maujean and J. Chuche: Tetrehedron Lett., 1976, 2965. 
Peinauer and U. Seeliger: Justus Liebige Ann. Chem., 698. 17L (1966). 
SohAr: tiuclear Uagnetic Resonance Spectroscopy. CRC Press, Boca Raton. Florida, 1903. a) Vol. 
p. 35-41, b) Vol. 1. p. 32. 33 and Vol. 2. p. 61. b2, c) Vol. 2. p. 25, 27. d) Vol. 2. p. 

29, l ) Vol. 1. p. 34, 35, f) Vol. 2. p. 6. (I) Vol. 2. p. 52. 
M. Karplus: J. Chem. Phys., 0. 11 (1959); ibid, 2, 1842 (1960). 
A. J. Kirby: The Artomeric Effect and Related Sterfoelcctronic Effects at Oxygen. In: Reactivity 
and Strucrurc Concepts in Organrc Chemrstry. Vol. 15., Springer. Berlin, 1983. 
R. U. Lemieux: in Holccular Rearrangements cd. by P. de Uayo. Interscience. tiew York, 1963; 
J. T. Edward: Chem. and Ind.. (London) 195 , 1102. 
E. Precsch. f. Clcrr. J. Serb1 and U. SG: Tabcllcn zur Scrukturaufkl&rung organischer Vcr- 
binduneen mit Soektroskooischen Methodcn. Snrlnecr. Bcrl~n. 1976. D. H190. 
H. Gtinther: hm Spekrroskopro (2nd Ed.). Ceorg rhieme, Stuttgart; i983. p. 77. 
D. hl. Grant and B. V. Cheney: J. Am. Chem. Sot.. 9, 5315 (1967). 
K. Nakanishi: Infrared Absorption Spcccroscopy, liolden-Day. San Francisco, 1962. p. 47. 
S. Holly and P. Sohlr: Theoretical and Technical Introduction. In: Absorption Spectra in the 
Infrared Region. Ed. L. LAng and U. H. Prichard, PublirhinR House of the Hungarian Academy of 
Sciences. Budapest, 1975. p. 115-116. 
C-13 Data Bank of the Central Res. Inst. Chem. of the Hungarian Acad. Sci., Budapc8t. Hungary. 
L. P. Johnson and U. C. Jankovsky: Carbon-13 NMR Spectra. Wiley. 3ew York, 1972, p. 279. 


