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Abstract-Some Me substituted I-oxa-1-azabicyclo[4.3.0] nonanes have been prepared and their con- 
figurations and preferred conformations assigned. The importance of geminal coupling constants in 
studying the conformations of these compounds is demonstrated. 

IN a recent review’ of geminal coupling constants (J) in methylene groups, the 
variation of J with the molecular environment of the CH, group was discussed. It 
was found that in heterocyclic systems the overlap of the C-H bonds of the methylene 
group with electron pairs on adjacent hetero-atoms produced significant changes in 
the value of J. This has been discussed2 in a paper describing a MO treatment of 
nuclear spin coupling between geminal hydrogen atoms. A study of the value of J 
for CH, groups adjacent to hetero-atoms in heterocyclic systems would therefore be 
expected to give information regarding conformation. In view of the current interest 
in the stereochemistry of systems possessing N at a ring fusion. and in the problem 
of the spatial requirements of nonbonding electrons. it seemed of interest to assess 
the utility of geminal coupling constants in studying the conformations of compounds 
of the type I (X = hetero-atom). 

As part of this study some Me substituted 8-oxa-1-azabicyclo[4.3.0]nonanes have 
been prepared. Two racemic epimers (II and III) are possible for each Me derivative 

FIG. I. 

l Part I. T. A. Crabb and R. F. Newton, J. Heterocyclic Chem. 3, 418 (1966); Part II. T. A. Crabb 
and R. 0. Williams, Ibid., 4, 169 (1967). 
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depending on the ~n~guration of the Cc-H relative to that on the substitute C 
mer is ex to exist as an e~~i~ib~i rn~t~~ of the 
nformers ), with a predominance that conformer 

ubstituent occupies an equatorial position. 

~~~~~~S Of the buys 8-(lxa-l-azabicycio~4.3.O,]nonames 
converted tr, Me s~bst~t~t~ 2-pyridy~ a~tates by caption 

with acetic anhydride. Hydrolysis of the acetates followed by reduction of the 
pyridine ring gave a mixture of epimeric racemic piperidyl carbinols (IV and V). the 
~~mpositi~~ of which depended on the method of reduction_ 

Since the work of Linstead” ~talytie ~ydro~ ion of pyridine rings 
assumed to praxed by the ~js-addition of hydro to the ring, and in the Eight of 
this, catalytic reduction of the Me substituted idine 2-methanols is expected 
to yield IV as the major product. On the other baud, mixtures of the piperidyl car- 

ed from sodium~tha reduction are expected to be richer in the 
y substituted epimer. e results of these red~~~io~s are su~~d 

in Table 1. 

TABU 1. hEPARAflONOFEPlMERlC 2-PIPERIDYLCARBINOIS 

3-Methyl 2-pyridyl cswbinot 

~M~t~y~ 2-pyridyl ~bino~ 

Ii,-PtOdAcOH 
No-~tOH~tOH 

S-Methyl 2-pyridyf carbinol 

6-Mtthyl2-pyridyl carbinot 

II,-PtO,/AcOH 
Na-EtOH/EtOH 
H,-PtO,/AcOH 

Thus both catalytic and sodium ethanol reduction of &methyl-2-pyridyl carbinol 
yields only one racemic pimer which is therefore deduced to be cis-2.6-H 2-methyl 
~i~ridyl ~rbinol (IV). ~talyti~ hydrogenation of Smethyl 2-pyridyl ~rbinol 
yields 55 “4 of one epimer and 45 x of the other leaving an ~si~~ent of ~~~~~ra- 
tion unsure. However, s~di~m~than~l reduction ave 30:/, of the first epimer and 

second which is therefore tram5, H 5-methyl piperidyl carbinol. 
reasoning enables the configurations of remaining racemic alc&ols to 

The mixture of pi~r~dyI carbinols was not separated but inverted to a mixture 
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of the formals II and III by the action of formaldehyde. II and III were then obtained 
pure by means of fractional recrystalli7ation of their picrates. 

IV V 

XR spectra of 8-oxa-1-azabicyclo[4.3.0]nonanes 
Bohlmann’s work on quinolizidines4 produced an extremely useful correlation 

between the IR spectra and the stereochemistry of these compounds. It was found 
that the IR spectra of tram-fused quinolizidines in which the N lone pair of electrons 
is mm- to at least two axial hydrogens on a-C atoms exhibits a prominent band 
between 2700-2800 cm-‘. these bands being absent in the corresponding c&fused 

3ooo cd 

FIO. 2. C-H stretching region of the IR spectra. 
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compounds. This important correlation has been used extensively in stereochemical 
studies on compounds having a bridgehead N atom. 

Wiewiorowski and Skolik’ undertook a qualitative examination of these bands 
in some C,, lupin alkaloids. The dilactam 17-oxalupanine was taken as a reference 
compound having no bands in the 2850-2500 cm-’ region (termed the T band) and 
a isosparteine. possessing a double trans-quinolizidine system. as a second reference 
regarded as exhibiting lOOO/, T bands. From a comparison of the areas of the 
absorptions between 2850 and 2500 cm-’ it was shown that the cis-fused quino- 
lizidine system also exhibits some absorptions in this area. 

In the present study the a lactams 9-oxo-8-oxa-1-azabicyclo[4.3.O]nonane and 
cis-26H-2-methyl 9-oxo-8-oxa-1-azabicyclo[4.3.0]nonane have been used as refer- 
ence compounds exhibiting no T bands. The results of the IR studies of the Me 
substituted 8-oxa-1-azabicyclo[4.3.0]nonanes shown in Table 2 and in Fig. 2 divide 
the compounds into two distinct groups. 

TABLE 2. IR SPECTRA OF 8-OXA-l-AZABICYCLO[~.~.~]NONANE~ 

Compound cm-’ te 

cis-2.6-H-2-Methyl 8-oxa-1-azabicyclo[4.3.0]nonane 

truns-3.6-H-3-Methyl &oxa-1-azabicyclo[4.3.0]nonane 

cis-4.6-H4Methyl 8-oxa-I-azabicyclo[4.3.0]nonane 

trans-5,6-H-5-Methyl I-oxa-1-azabicyclo[4.3.0]nonane 

8-Oxa-l-azabicyclo[4.3.0]nonane 

cis-3,6-H-3-Methyl 8-oxa-I-azabicyclo[4.3.O]nonane 

twns4.GH4Methyl 8-oxa-1-azabicyclo[4.3.0]nonane 

cis-5.bH-5-Methyl 8-oxa-1-azabicyclo[4.3.0]nonane 

2805 104 
2771 84 
2147 71 
2741 74 
2718 43 
2808 150 
2778 146 
2162 107 
2754 96 
272-l 71 
2710 46 
2808 126 
2780 118 
2165 87 
2152 87 
2730 62 
2806 146 
2716 142 
2165 107 
2749 97 
2135 71 
2803 97 
2116 97 
2752 62 
2830 57 
2771 30 
2835 80 
2810 65 
2780 51 
2838 87 
2807 57 
2115 46 





2M? T. A. CRABB and R. F. NEWTON 

The first group of compounds show an intense T band and to these predominantly 
trans-fused ring conformations have been assigned. Characteristic features of this T 
band are peaks at about 2805 cm-’ (E,, 104-150). 2780 cm-’ (E,, 84-146) and at 
2750 cm- ’ (E,, 74-97). Additional peaks are present which vary from compound to 
compound. 

The second group. to which predominantly c&fused ring conformations have 
been assigned. show a T band of much lower intensity with a prominent band at 
about 2835 cm- ’ (E,, 57-87) and at 2780 cm- ’ (Q 30-51). No peaks occur at 2750 
cm-’ showing that the T bands of the cis-conformers are not the same as that of the 
trans-conformers on a reduced scale. A comparison between the IR spectra of the 
lactams and c&fused ring conformers (Fig. 2) shows that the latter exhibit a T band 
of appreciable area. 

The unsubstituted parent compound exhibits the three peaks characteristic of the 
trans-fused ring conformer T band. A comparison of the integrated T band areas in 
these compounds shows that the unsubstituted parent compound has a T band 
intensity intermediate between that of the cis- and the trans-fused ring conformers. 
The T band is only 8 1% as intense as that of a cruns-fused ring conformer suggesting 
that the unsubstituted parent compound exists as approximately 30:/, of the cis- 
fused ring conformer and 7Op/, of the truns-fused ring conformer in equilibrium at 
room temperature. 

N MR spectra of 8-oxu- 1 -uzabicyclo[4.3.0]nonanes 
Tables 3 and 4 and Figs 3 and 4 summarize the NMR spectra of the compounds in 

this present study and show the dramatic differences in the spectra between those 
compounds existing in predominantly cis-fused ring conformations (Table 4) and 
those in truns-fused ring conformations (Table 3). 

FIG. 3. NMR spectra of c&2, 6-H-2-Methyl-8-oxa-l-azabicyclo[4.3.O]nonane. 



~r~~~~~~~s~~ c~~~~r~~rs 
prutons normally give 

aIs in the region of 52 t 
ssion one of the Cg protons absorbs lovably at ca. 55 cc wharf the 

other is abnormally shielded and gives a signal at ca. 6.3~. the difference in chemicat 
ing from 0.77 to 092 ppm. 

rence in chemical shift (@ 
protons adja~nt to N in ~uino~~zidinc ( 
~ic~~atio~ af the N Ime pair in a cPC 

atom occurs and this leads to an increase in the el 
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In support of this Bohlmanns found the chemical shifts of the C, and C,, protons 
in ~isosparteine~I1) which are cis- to the N lone pair to be 7 T. Work on benxo- 
quinolizidines’ has also indicated that a CH-N-proton gauche to the N lone pair 
is deshielded whereas when the CH is truns to the lone pair shielding is observed. 

From an examination of Dreiding models of the Me substituted 8-oxa-l-azabi- 
cyclo[4.3.0]nonanes. it can be seen that the a-C,--H bond in the trans-fused ring 
conformers (VIII) is able to become nearly transdiaxial to the N lone pair and in 
the light of the above discussion should be abnormally shielded. The j3-C, proton 
making a dihedral angle of ca. 40” will then absorb at much lower field and so the 
large chemical shift difference between the C, methylene protons is then explained. 

Support for the above assignment can be obtained from the NMR spectra of the 
2-Me substituted compound. As is seen in Table 3 the PC, proton absorbs at 0.15 
ppm to lower field than in the other isomer. If as indicated in IX the PC, proton 
and the &-Me have a near 1:3-diequatorial relationship then deshielding of this 
proton is expected by the van der Waals interaction.’ O 

Recent work1*2 has shown the importance of the influence of lone pair orbitals 
of heteroatoms on the J of adjacent methylene groups. Transfer of electrons from 
lone pairs into the antisymmetric molecular orbital of an adjacent methylene group 
produces a positive change in J and this is expected to be maximal when the orbitals 
eclipse adjacent CH bonds. 

The extremely small value of -0.8 c/s for the geminal coupling constant between 
the C, methylene protons in the trans-fused ring compounds therefore implies a 
conformation with the 0 lone pairs of electrons eclipsing the G, methylene bonds. 
The inductive removal of the electrons from the symmetric C, methylene molecular 
orbital by the N and 0 atoms. combined with the transfer of the lone pairs of electrons 
on 0 into the antisymmetric CH, molecular orbital cannot be entirely responsible 
for the value of -0.8 c/s for J since J for dioxolans is ca. 0 c/s1 It must therefore be 
concluded that the N lone pair of electrons is also being transferred into the anti- 
symmetric C, methylene orbitals. The above mentioned near trams-diaxial relation- 
ship of the N lone pair and the C9-H perhaps aids this process. Anteunis” has 
recently proposed that Jocm in a methylene group next to a N atom becomes more 
positive when the lone pair on the N atom is parallel to the a C-H. Alternatively 
because of the strained nature of the trans-fused ring compounds some flattening of 
the molecule in the region of the N atom may be responsible for the very positive 
value of J_. 

C, methylene protons. The C, methylene protons may be treated as the AB part 
of an ABX spectrum. The X proton (H6) is further coupled to the H, protons. how- 
ever the chemical shift of H,, (ca. 82) is considerably different from those of the C, 
protons (ca. 61 and 667) and so the approximation in taking this treatment should 
not produce serious errors. 

The results of the analysis of the AB pattern are summarized in Table 3. 
The values of the vicinal coupling constants 5,.6.. 5,s6. allow assignments of 

signals to the C, methylene protons to be made. From a consideration of Dreiding 
models (X) and application of the Karplus equation describing the dependence of 
JVic on dihedral angle between adjacent C-H bonds a value of ca. 7.5 c/s for 7,6, 
(4 == 30”) and ca. 12 c/s for 7,6, (4 e 150°) is suggested. 

Recent work I2 has shown that lone pair orbitals on heteroatoms contribute towards 
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vicinal Kipling constants of course well known Iectrone~ti~t~ e 
substitue~t~ on J,f, too exact an a~~T~~tio~ of t 
cos? d, law in stud the ~-rn~rn~r~ ring ~~not 
made with any certatnty. owever 7& might be expected to be greater than 7=6,. 

The 100 MC/S spectrum of trans-5,~FM-methyl 8-oxa-l-azabicyclo[4.3.0]nonane 
for example. could be treated by first order methods. One of the protons showed a 
1:2: 1 triplet centred at z =z 617. &,,, = -65 c/s.. &a = 65 c/s_ and the other a 

68 ~v~ng f@_ == .-6-S c/s_ J,6e = 9.5 c/s. Tb~r~f~re T& 
als centred at z = 617 and PI,, to those at s = ~*68. The 

geminal coupling constant of - 6.5 c/s is very positive fur a methylene group next to 
0 in a S-membered ring and so a conformation with the 8 lone pairs eclipsing the 
adjacent CH2 must be postulated. 

x 
XI 

C, ethylene protons. In the NMR 
azabicydo[4.3.0]nonane trans-fused rin 
of further coupling is observed at ea. 72. 
by angle with the 
absent in the NMR s 
situated CH-N proton. e Cz and C, axial protons are abnormally s 
appear at ‘W-8 z. A 10 MC/S spectrum of the 5-Me compound resolves the c2 

equatorial proton signal into two 1: 2 : 1 lets, first order analysis of these giving 

J 2e2r = -9*5 c/s. JleJr * J& value of -95 for the gemina~ unplug 
tant between the Ca me sitive: S for ~~iI~~y 

situated protons in N-met 
case of the Cg methylene Jgcm this value may be more positive than normal if flattening 
of the molecule occurs around the N atom. In sparteir# with trans-fused ring 
junctions Jpcm of the CH,-N methylene protons is also mare positive (- 10 to - 115 
c/s) than in pi~ridines. 

ese protons absorb in the normal range for 2-N 

5.93. The chemical shift difference bet em is 
of Dreiding models shows that in the c&fused ring 

e 6, metbyIe~e protons is able to become 
r of destrons and are t~~r~f~re not 
c/s for the C, methyl~e protons in 

is much more negative than J,, for the pans-fused ring conformers. This means 
that transfer of electrons into the antisymmetric molecular orbitals of the methylene 
group is less efficient in the &-fused ring mmpounds. This impJies a conformation 
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of the 5-membered ring in which there is much less eclipsing of the lone pairs of 
electrons on the adjacent heteroatoms. in particular the 0 atom. 

C, methylene protons. In the 60 MC/S spectra of the c&fused ring conformers the 
coupling constants of the C, methylene protons are of the same order as the chemical 
shifts and no parameters can be extracted. In the 100 MC/S spectrum* of &3.6-H- 
3-methyl 8-oxa-1-azabicyclo[4.3.0]nonane however. the signals due to the C, 
methylene protons approximate to the AB part of an ABX system and was analyzed 
as such. One of the protons absorbed at T = 6.58. with a JBcm of -7-O c/s and a 
vicinal coupling constant with the C6 proton of 7.7 c/s and the other absorbed at 
z = 6.67. with a J,,, of -7.0 c/s and a JH,& of IO.3 c/s. 

The J,, of -7.0 c/s is still very positive, the normal range for CH,-O in 5- 
membered ring being - 7.0 c/s to - 9.0 c/s. l As discussed for the trans-compounds 
the many factors affecting J”ic make application of the Karplus relationship to 
decisions regarding the conformation of the 5-membered ring dangerous. 

C, methylene protons. In the 100 MC/S spectrum of cis-3.6-H-3-methyl 8-oxa-l- 
azabicyclo[4.3.0]nonane the C, methylene protons signal approximates to the AB 
part of an ABX spectrum and was treated as such. The C, equatorial proton (HJ 
absorbed at ‘5 = 7.42. with JBcm of - 10.5 c/s and JHZe3. of 4,l c/s with each peak 
arising from H,, having an additional long range coupling of 1.5 c/s. The axial Cz 
proton absorbed at T = 7.75. with J,, of - 10.5 c/s and a JHZaH3. of 10.5 c/s. 

The C, methylene signals for trans-4.6-Ha-methyl 8-oxa-1-azabicyclo[4.3.0] 
nonane are very similar to the above with the signals showing evidence of a further 
small vicinal coupling. 

In cis-5.6H-5-methyl 8-oxa-1-azabicyclo[4.3.0]nonane the C, equatorial and Cz 
axial protons both appear as a multiplet lying between 7 = 7.3 and r = 7.6 and 
since the chemical shifts and the coupling constants are comparable in magnitude 
these values cannot be obtained from the spectra. 

It is interesting to note that in the 3- and 4-Me substituted cis-fused conformers 
the difference in chemical shift between HSc and H,, is ca. 0.33 ppm and in the 5-Me 
conformer even smaller. This would appear to be evidence against a chair con- 
formation for the 6-membered ring in which the normal axial and equatorial arrange- 
ment of the C-H bonds adjacent to the axially situated lone pair of electrons on 
the N atom should produce a chemical shift difference of ca. 0.8 ppm. Eliells how- 
ever. has suggested that in cis-hydrindane the 6-membered ring may be in a partially 
deformed chair and perhaps such a conformation in these compounds would produce 
these anomalous chemical shifts. Another possible explanation is the shielding 
effects of the 5-membered ring structure on the chemical shifts of the C, methylene 
protons. 

Further work is in progress to obtain more evidence regarding the conformation 
of the 6-membered ring in the cis-fused ring conformers. 

NMR of 8-oxa-1-azabicyclo[4.3.O]nonane 
Cg methylene prorons. The unsubstituted parent compound has a geminal coupling 

constant for the Cg methylene protons of -2.4 c/s intermediate between that found 

* We thank Dr. J. Feeney of Varian Associates for running the spectrum for us. 
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for the cis- and @arts-fused conformers, showing that it exists at room temperature 
as a mixture of cis- and truns-fused conformations. 

Assuming that the compounds assigned cis- and truns-fused ring conformations 
are nearly conformationally pure. a reasonable assumption since the value of 
-08 c/s observed for .I_ in the crans-fused conformers is the most positive one 
reported for a methylene group situated between N and 0. and assuming a linear 
relationship between the value of Jscm and conformation. then the unsubstituted 
parent compound is calculated to exist as an equilibrium mixture of ca. 40:< of the 
cis- and ca.. 60 ‘4 of the crans-fused ring conformation. 

The difference in chemical shift between the C9 protons. 0.58 ppm. is intermediate 
between that of a trans-fused conformer ca. 0.8 ppm and a cis-fused conformer ca. 
0.2 ppm and this also indicates a similar conformational equilibrium. 

C, methylene protons. As in the crans-fused ring conformers the C, methylene 
protons approximate to the AB part of an ABX spectrum. The coupling constants 
and chemical shifts are similar to those obtained for the trans-fused ring compounds. 

C, and C, rnethylene protons. The C2 and C, protons both have similar chemical 
shifts to the corresponding protons in the trans-fused ring conformers. 

General discussion of results 
The sterochemistry of 8-oxa-l-azabicyclo[4.3.0]nonane should be roughly 

analogous to that of hydrindane with the additional feature of the conformationally 
unstable bridgehead N atom and the possibility of dipole-dipole interactionsr6 
between the two heteroatoms. For the cis-hydrindane + rrans-hydrindane equi- 
librium AG” has been calculated to be only -@3 kcal.mole.- ’ at 25”.” Recent 
work’* has shown that quinolizidine is more stable in the trans-ring fusion relative 
to the cis-than is decalin. This is attributed to the two non-bonded 1.3diaxial 
hydrogen interactions (z 2.1 kcal.mole.- ‘) present in transdecalin which disappear 
when the bridgehead C-H is replaced by a tertiary N atom as in quinohzidine. If 
we apply a similar argument to the case of indolizidine we would expect the crans- 
fused ring conformer to be more stable relative to the cis-than is trans-hydrindane 
relative to cis-hydrindane. This is borne out by Aaron’s observation” that in the 7 
and 8 hydroxy indolizidines no cis ring fusion could be detected showing that AG” 
for the cis-indolizidine $ crans-indolizidine equilibrium must be much more negative 
than the value of -0.3 kcal.mole.- ’ for hydrindane. since if there was no significant 
energy barrier to the establishment of the equilibria this would correspond to ca. 
40 ‘T/d of the cis-fusion in the equilibrium mixture. 

Since 8-oxa-1-azabicyclo[4.3.0]nonane appears to exist as an equilibrium mixture 
containing ca. 40 ?A cis-fused ring conformer the trans-fused ring conformer must be 
appreciably less stable relative to the cis- than is crans-fused ring indolizidine relative 
to cis-indolizidine. The destabilising influence would appear to be dipoledipole 
interactions between the heteroatoms which will be smaller in the cis-conformation 
than in the crans-conformation. 

EXPERIMENTAL 
All elemental analyses were carried out by Dr. F. Pascher and E. Pascher. Micro-analytical Laboratory. 

Bonn. Germany. M.ps are uncorrected. IR spectra were recorded on a Perkin-Elmer 237 grating instru- 
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meat and on a Unicam SP.100 as @2 M solns in CCl, using 01 mm matched cells. The NMR spectra 
were determined on a Perk&Elmer R.10 and Varian H.A.60 and H.A.100 spectrometers as 10% solns 
in Ccl, with TM.9 as internal reference. 

Catalytic hydrogenation of 2-pyridyl carbinols 
General procedure. The Me substituted 2-pyridyl carbinols (@2 M). glacial AcOH (200 ml) and PtO, 

(1 g) were shaken with H, under atm press until reduction ceased. The soln was filtered, baaified with 
NaOHaq and ether extracted 3 tima. The dried (Na,SO,) ether extract was evaporated and the residue 
distilled to give a mixture of cis- and trans-Me substituted 2-piperidyl atrbinols. 

Hydrogenation of 2-pyridyl curbinol. 2-piperidyl carbinol(22.5 & 87 YJ b.p., 95-97”,@6 mm was obtained 
from 2-pyridyl carbinol(25 g) as a white crystalline solid np., 68-70” from ether (lit.” 64-67”). The picrate 
crystallized from EtOH as plates m.p. 133-134”. (Found: C, 41.81; H, 452; N. 16.26 talc for C,,H160,N.: 
C. 41.62; H. 4.24; N, 1618%). 

Hydrogenation of Cmethyl 2-pyridyl carbinol. c&6,2-H&-Methyl 2-piperidyl aubinol (18*2g, 71%) 
b.p.. 70-71”p9 mm was obtained from bmethyl 2-pyridyl carbiiol (245 g) as white crystals m.p., 76” 
from ether (lit. z1 75”). This was the sole product. 

Hydrogenation of 5-methyl 2-pyridyl carbfnol. A mixture of cis- and trots-5,2-H-5-methyl 2-piperidyl 
carbinol (20 g 75 PL) was obtained from 5-methyl Zpytidyl carbinol (26g) as a colourless oil b.p.. 
7&W/045 mm. (Found: C. 6531; H. 11.87; N. 1060. C,H,,ON requires: C. 6513; H. 11.63; N. 1085%). 
The NMR spectra in CCI, showed the mixture to be 55 % cis- and 45 P/, trans-5.2-H-5-methyl 2-piperidyl 
carbinol. T values for the Me doublet of the cis-isomer were 894 and 9.05 and 9.10 and 9.21 for the trans- 
isomer. The calculated amotmt of picric acid in EtOH was added to a soln of the alcohol mixture in EtOH. 
The resultant crystals were filtered and recrystallized twice from EtOH to give the picrate of &-5,2-H-5- 
methyl 2-piperidyl carbinol as orange needles mp., 136137”. (Found: C 43.52; H, 4.96; N. 15.47. 
C,,H,,O,N, rquires: C. 43.58; H. 593; N. 1564%). Concentration of the mother liquors yielded a 
mixture of the epimeric picrates which on repeated recrystallization from EtOH yielded the picrate of 
trans-5.2-H-S-methyl 2-piperidyl carbinol as orange needles m.p., 151-152”. (Found: C. 43.61; H, 4.94; 
N. 15.88. C13H,,0,N, requires: C, 43.58: H. 5G3; N. 1564%). 

Hydrogenation of impure emethyl 2-pyridyl carbinol. A mixture of cis- and truns-4,2-H4methyl 2- 
piperidyl carbinol(24.5 g. 63 p/A was obtained from impure Cmethyl2-pytidyl carbinol(37 g) as a colour- 
less oil b.p.. lOI-105”/5.5mm. (Found: C, 6468; H, 11.57; N, 10.71. C,H,sON rquires: C, 65.13; H. 
11.63; N. 10.85 “4). In addition an unexamined compound (10.5 g) probably 2-methyl Cpiperidyl carbmol 
was also obtained. The percentage of each isomer was estimated from the spectra of the Cmethyl8-oxa-l- 
azabicyclo[4.3.0]nonancs prepared directly from the mixture which showed there was 90 % of the trams- 
isomer and 10% of the cis-isomer present. When reduction was carried out at 60 p.s.i in a Parr hydro- 
genator the percentage of each isomer was Sop/,. 

Hydrogenation of 3-methyl 2-pyridyl carbinol. A mixture of cis- and trans-3.2-H-3-methyl Zpiperidyl 
carbinol (10 g. 80%) was obtained from 3-methyl 2-pyridyl carbinol (23-Og) as a colourless oil b.p.. 
7%76”/0.35 mm. (Found: C. W78; H, 11.91; N. 10.70. C,H,,ON requires: C 65.13; H. 11.63; N, l@85%). 
The NMR spectra of the mixture in Ccl, showed one Me doublet at 9.09 and 9.19 T. so the percentage 
composition of the mixture was estimated from the spectra of the 5-methyl 8-oxa-1-azabicyclo[4.39] 
nonanes directly prepared from it. This showed the mixture to be 90 % of the cis-isomer and 10 % of the 
tram-isomer (estimated from the intensities of the signal due to the C, methylene protons). 

Sodium-ethanol of 2-pyridyl carbinols 
General prccedure. The Me substituted 2-pyridyl carbinol(@2 M) was refluxed in EtOH (500 ml) and 

Na (60 g) was added. The reaction mixture was refluxed for 2 hr, the soln was acidified with dil HCI and 
excess EtOH removed. The soln was then basified with NaOHaq and ether extracted. The ether extract 
was dried (Na,SO,) and concentrated and the residue distilled to give a mixture of the cis- and Iruns- 
Me substituted 2-piperidyl carbinols. 

Sodium-ethanol reduction of 6-methyl2-pyridyl carbinol 
cis-6.ZH-&Methyl 2-piperidyl carbinol (13.4 g, 53 ‘A) was obtained from dmethyl 2-pytidyl carbinol 

(240 g) was white crystals mp. 76” from ether (lit. f’ 75”) b.p., 70-7l”fl9 mm The NMR spectra showed 
this to be the sole product with the Me doublet at 8.87 and 8.97 T. 
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A mixture of cis- and ~~~-5.2-H-5-mcthyl2-pi 
2-p~idyl carbinol(24Q 8) as a ~lo~~~ oil b.p.. 
to contain 30 “4 of the c&isomer and 70 % of the 
of the Me doublet. 

A ~~t~~ of&- and @m-4-2-H-4- thy1 2-~i~~d~~ carbind (I@0 & 30 “4) was 
~methy~ 2-p~idy~ ~rb~noi (315 g) as a coiour1e.s~ oil b.p.. ~93~~~ mm. an u 
(85 g) of higher b.p.. was also obtained. probably Z-methyl 4-piperidyl carbinol. NMR spectra of the 
Q-methyl &oxa-I-azabicyclo[4_3_0]nonanes directly prepared from the above showed there to be 70 *? 
of the cis- and 30% of the trans-isomet present. 

sodi t r~d~~~~~ of 3-~~~~ 2-~y~~~ ~~~~~~ 
A f cis- and ~ru~-3.2-H-3-metby~ Zpiperidyl carbinol(9 g. 45 Y/o) was 

2-pyridyl carbinol(2O-O g) as a colourless oil b.p.. 83-84”/0*7 mm. The NMR spectra showed one Me doublet 
at 9.09 and 9*19 t. The percentage composition was estimated from the spectra of the S-methyl 8-oxa-l- 
azabicyclo[4.3.O]nonanes prepared directly from the carbinols, this showed the mixture to contain 10’4 
of the cis- and 90% of the f~~-~~mer. 

Preparation of merhylsubstituted 8-oxa- 1 -azubicycb[43ATjmmes 
GmmaJ procedure. VW Me substituted 2-piperidyl carbinol was shaken with an excess of 36:/, aqueous 

formaldehyde soln foe ihr. The mixture was basifi with NaOHaq and ether extract 
ether was dried ~~a~S~*~ and ~~a~~t~d and the raided distills to giw the Me s~~tjt~t~ &oxa-f- 
~bi~c~~~4.3*~~~~~~~. 

8-ma- l -~~j~yc~~[4~3~~] ltonane (8.2 & 74 ‘4) was obtained from 2-piperidyf carbinol (100 g) as a 
colourtess oil b.p.. 6HS0/16 mm nD ‘a 1.4709. (Found: C, 65.56; H, 10~15; N. 10~95. Calc. for C,H,,ON: 
C, 66.1; H. 10-20; N, 1 IQO”~). It formed a picrate m.p., 178-179”. (Found: C. 43.83; H, 4.37; N. 15~93. 

s : C 43.82; H. 4-49; m.p. reported in the lit.?” 135-137” astray 
p, of the picratc of 2- I, EM-136”. 
8-oxa- I -~~i~y~~~r4 76P/,) was obtained from dmethyl2-piperidyt 

carbinol (5Gg) as a colourless mobile oil b.p.. 81-82”/16 mm n, 21 1.4699, T~X picrate formed dark yellow 
crystals from EtOH. m.p.. 176”. (Found: C. 45.1; H. 4.77; N. 15-21. G,IH,sO,,N, requires: C. 45.40; 
H, 4.86 ; N, 15-14 %,. 

cis- and &~~-3~~H-3-met~yl g-oxa-l-~bicy~lo~4.3.O~~~~a~e (21 g, 98 %) were obtain 
2-pi~ridy~ carbinol (20 g) as a ~010~~~~s oil b.p., ~~105O/~ mm. The ~pimeri~ mix 
EtOH was added to picric acid (36 g) in abs ErOH (500 ml). The soln was left overnight then filtered to 
give a picrate (38 g) m.p., 140-145”. This was recrystallized twice from EtOH to give the picrate of &is- 
3,6-H-3-methyl 8-oxa-l-azabicyclo[4.3.O]nonane (25 g) m.p., 150-151” as yellow needles. (Found : G, 
45.25; H, 4.77; N, 14.87. C,IH,,OsN, requires: C, 45.41; H, 4.86; N, 15.17”). Excess cold NaOHaq 
was added to the pierate (25 g3 and the mixture was ~rn~e~~at~~y ether extracted 3 times The ether extract 
was dried (~a2~~~~ and ~on~ent~ted. The residue was distills to give ~~s-3,~H-3~~f~~~ 8-oxu-l- 
azabicyclo[4.3.0]nonane (45 g, 47”~) as a colourless oil, b.p., 103-104”/41 mm r$,’ 5 1.4718. Concenfration 
of the mother liquors yielded a mixture of picrates (27 g) m.p., 155-157”. Repeated recrystallization from 
EtOH gave the picrate of trots-3,6-H-methyl 8-oxa-l-azabicyclo[4_3,0]nonane (20 as yellow plates 
m.p_, X65-166”. (gourds C,45*38; H,4*86; N, 15.42. ~~*H~sU~N~ requires: C, 45.41; 4.86; N, 1517%). 
The picrate (20 gj was d~omposed as above to give ~rans-3,6-H-3-~@~~~ g-oxa-l-azabicJlcloC4.3.Olncmane 
(5.4 g, 35 “/,) as a cofourless mobile oil b.p., 94-95” (3 t mm rtL9 ’ f-465 1. 

trans-4.6-H-4-Methyl &-ox* I-aza;bicycio~4.3.0]nonane 
The ~rnetby~ 2-pi~r~dy~ carbinol(2WI g) prepar by catalytic ~~~~io~ gave an e~~meric rn~xt~~ of 

cis- and ~~~~.~H4rnetbyl g-oxs-l-~bi~yctoE4_3.0]noilanes f t8.5 g 95 Pi,, as a ~~~~t~~ rn~b~~~ oil 
b.p., 4%SO”it.5 mm. This mixture (12.4 g) was reacted with a soln of picric acid (204 g) in EtQH. F~ct~o~~ 
recrystallization gave the pure picrate of truns- 4.6H+metbyl 8-oxa-l-a.zabicyclo[4.3,O”jnonane (5.3 g) as 
yellow needles m.p.. 171-172”. (Found : C. 4535 ; H. 4.69 ; N. 14.55. CIIHIROINd reauires : C. 4540; H. 
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4.85 ; N. I5 I7 “4). Decomposition of the picrate gave trans-SH4methyl &oxa- I-azabicyclo[4.3.0]nonane 
(I.9 g. 94%) as a colourless mobile oil b.p.. 97-98”/35 mm I$’ 1.4707. 

The Cmethyl 2-piperidyl carbinol (I 10 g) obtained by Na and EtOH reduction gave an epimeric 
mixture of cis- and trans4.GH4methyl I-oxa-I-azabicyclo[C3,O]nonanes (IO.2 g. 80%) as a colourless 
oil b.p.. 92-95”/30mm. This mixture was converted to the picrate and fractionally recrystallized from 
EtOH IO give the pure picrate of cis4..CH-Cmetbyl I-oxa-I-azabicyclo[4.3.0]nonane (7.8 g) as yellow 
plates m.p.. 14>145”. (Found: C. 45.14; H. 4.93; N. 14.65. C14H,sOON. requires: C 45.41; H. 486; 
N. 15.17 “4). The picrate was decomposed as above to give cis4.6-H4methyl 8-oxa-I-azabicyclo[4.3.0] 
nonane (2.7 g. 93 “4) as a colourless oil b.p.. 87-89”/28 mm I$,’ ’ 1.4654. 

cis-5.6-H-S-M&y/ 8-oxa-I-azabicyclo[4.3.0]nonane 
The 3-methyl 2-pipcridyl carbinol(l60 g) prepared by catalytic reduction gave an epimeric mixture of 

cis- and Irons-5.6-H-5-methyl 8-oxa-I-azabicyclo[4.3.0]nonane (16 g. 9l”/d) as a colourless mobile oil b.p.. 
104.-105’:‘37 mm. This mixture (62 g) was added to picric acid (IO.2 g) in EtOH and the resultant picrate 
recrystallized 3 times to give the picrate of cis-5.6-H-5-methyl I-oxa-I-azabicyclo[4.3.0]nonane (9,Og) as 
yellow needles m p.. 187-189”. (Found: C. 45.15; H. 4.85; N. 15.22. C,,H,sOsN, requires: C. 4540; H, 
485; N. 15,17”<,). The picrate was decomposed with NaOH and yielded cis-5.6-H-5-methyl 8-oxa-l- 
azabicyclo[4.3.0]nonane (3.2 g. 94%) as a colourless oil b.p.. 103-KM’/40 mm nh’ 3 1.4732. 

The 3-methyl 2-piperidyl carbinol (9.0 g) obtained by reduction with Na and EtOH gave an epimeric 
mixture of cis- and truns-5.CH-5-methyl 8-oxa-I-azabicyclo[4.3.0]nonane (9g. 90%) as a colourless 
mobile oil b.p.. 9698”/37 mm. This mixture (6.1 g) was converted to the picrate as before and recrystallized 
3 times to give the picrate of trans-5.&H-5-methyl 8-oxa-I-azabicyclo[4.3.0]nonane (8.5g) as yellow 
needles m.p.. 150-151”. (Found: C. 4501; H. 5.15; N, 1490. C,*H,sOsN. requires: C 4540; H. 486; 
N. 15.17”/,). Decomposition of the picrate with NaOHaq gaye Iran.+5.6H-5-methyl I-oxa-I-azabicyclo 
[4.3.O]nonane (2.8 g, 87 ‘A) as a colourless mobile oil b.p., 10&101”/39 mm nb’.* 1.4692. 

9-Oxa-8-oxa-I-azabicyclo[4.3.0]nonane was prepared according to the method of Rink and Eichz” 
and was obtained from 2-piperidyl carbinol (2.3 g) as a colourless oil (2.1 g, 74%) b.p., 104-106”/0.6 mm. 
(Found: C, 59.85; H, 8.15; N, 9.98. Calc. for C,H,,O,N: C, 59.55; H, 7.85; N, 9,92”/d). 

6-methyl 2-piperidyl carbinol(5 g) in abs benzene (50 ml) was heated on a water bath with Na (091 g). 
When all tbe Na had dissolved a further 50 ml benzene was added and the mixture was warmed. Ethyl 
chloroformate (5.4 g) in benzene (20 ml) was added to the hot soln which was refluxed for 4 hr. The soln 
was filtered and the filtrate basified with NazCO,. Excess benzene was removed in IMXUO and the soln 
was extracted 3 times with CHCI, (50 ml) The CHCI, extract was dried over Na,SO, and concentrated. 
The crude product was distilled to give cis-2.6-H-2-methyl 9-oxo-8-oxa-I-azabicyclo[4.3.0]nonane (4.1 g. 
69”~) as a colourless oil b.p. 105 -107”!0.55 mm. (Found: C. 6160; H. 8.71 ; N. 8.88. C,H,,O,N requires: 
C. 61.91 : H. 844; N. 9.03”“). 
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