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AM-The four possible raamic isomers of perhydrobeau, [e] pyrido [1.2-c] [I.31 oxazinc. three 
isomers of pcrhydrocyclopcntano [e] and three isomers of pcrbydrocycloheptano [e] pyrido [I. 24 [I. 31 
OX&DC together with some of their Cmcthyl derivatives have been synthesized. Their con6gurations and 
prcfti conformations have been assigned from a study of their NMR spectra and from an uaminatioo 
of their I R spoztra in the 2700-2800 cm- ’ rc@on. 

IN STUDYING conformational preferences of saturated 1,3_heterocyclic systems the 
value of the geminal coupling constant (J)2 and the chemical shifts of protons 
adjacent to the heteroatoms 2* 3 have proved to be of considerable use since both 
these NMR parameters are sensitive to the orientation of lone pairs of electrons on 
the heteroatoms. Chemical shifts are, in addition, intluenced by substituents but some 
of these correlations4 between position and orientation of alkyl substituents and the 
chemical shifts of ring protons in cyclohexanes do not apply without exception to 
heterocyclic systems.’ Large variations in J with changes in molecular environment 
are readily explicable in terms of current theory6*’ but small differences in J, observed 
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for similarly situated methylene groups in difkrent types of compounds, are naturally 
difkult to rationalise. It seemed desirable therefore to study the NMR spectra of a 
set of closely related compounds to gather information regarding variations in 
spectral parameters brought about by relatively small structural changes and for this 
purpose the perhydrocycloalkano [e] pyrido [ 1.2-c] [ 1.31 oxazines were chosen since 
the stereochemistry of the related perhydrophenanthrenes8 has been described in 
detail. 

The influence of the orientation of the C ring on the C6 and C7a chemical shifts and 
coupling constants in the isomers I-IV (n = 2) should be paralleled by the effect of 
axial and equatorial C4 Me groups on the NMR parameters of the analogous protons 
in octahydropyrido [1.2-c] [ 1.31 oxaxines. Accordingly compounds V-X were chosen 
to act as reference compounds with which to compare the NMR spectra of the isomers 
under discussion and the relevant spectra data is summarixed in Table 1. Compounds 

TABLB I. 60 MHz NMR sn OF sm OCTAHYDROF’YRlDO [1.2-C] Il.31 OX&TM 

Compound 
Chemicnl shifta (I) 

solveot H I*0 H 1” H Je9 H 3u Me J ,w,,u(H4 

V 
VI 
VI 
VII 
VII 
VIII 
IX 
X 

CCI. 
cct 
G% 
CCI, 
C6H6 

CCI, 

CC16 

CCL 

5.82 648 605 664 - -80 
6.13 6.13 5.98 - 8.78 - 

5.95 6.15 5ao - - -8-O 
5.75 6.36 - 6.60 8.87 -80 
571 6.45 - 6.60 - -80 
5.42 6.73 610 6.67 897 -80 
5.86 6.45 6.10 695 9.30 -7-8 
5.86 6.73 6.40 640 893 - 7.8 

l Ccntn of Me doublet. 

V-VIII have been described previously’ when they were shown to exist in pre- 
dominantly trcurs-fused ring conformations. To complete the series IX and X were 
prepared by the reaction of formaldehyde with Zethylpyridine to give B-(Z-pyridyl) 
propanol.9 Catalytic reduction followed by treatment with formaldehyde produced 
the mixture of IX and X which were separated by preparative GLC. Since both 
isomers showed Bohlmann bands’* in their IR spectra they were assigned pre- 
dominantly trans-fused ring conformations. The decision regarding the axial or 
equatorial nature of the Me group in the two isomers was made initially on the basis 
of the position of the centre of the C-Me doublet which was 0.37 ppm to higher field 
in one isomer (assigned configuration IX) than in the other(X), since in a variety of Me 
substituted saturated heterocyclic compounds axial Me groups are found”* I2 to 
absorb at lower field than equatorial Me groups. The correctness of these stereo- 
chemical assignments is confirmed by comparing the chemical shifts of the C3 protons 
in IX and X with those in V (Table 1). Existing chemical shift correlations4 suggest that 
an equatorial Me group should shield a vicinal axial proton by up to 047 ppm. The 
chemical shift of 6.95 T for the C3 axial proton in IX compared to the value of 664 r 
in the unsubstituted compound V is therefore consistent with the presence of an 
equatorial Me group at C4. An axial Me group deshields an adjacent axial proton by 
ca. O-2 r and shields the corresponding equatorial proton by ca. O-4 r.* Application of 
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this rule to the change V-X leads one to expect chemical shifts of ca. 64 r for both C3 
protons in X which is in fact observed. 

The reaction between aromatic N-oxides and the morpholine enamine of cyclo- 
hexanone in the presence of acylating agents has been studied in detail by Hamana 
and Nodai3* I* and in the case of pyridine N-oxide and Zpicoline N-oxide the 
corresponding 2-(2-pyridyl)-cyclohexanones are produced. This synthetic method 
proved to be perfectly adaptable to the enamines of cyclopentanone and cyclo- 
heptanone and the 2-(2-pyridyl)-cyclopentanones and heptanones were readily 

R 

FIG. 1. Synthesis of pcrhydrocycloalkano [e] pyrido [1.2-c] [ 1.31 oxazine 

obtained. Catalytic hydrogenation of these pyridyl ketones in glacial acetic acid using 
Adams platinum oxide catalyst gave mixtures of isomeric 2-(2-piperidyl)-cycloalkanols 
which were not separated but converted directly to mixtures of the required tricyclic 
compounds by treatment with aqueous formaldehyde (Fig I). The mixtures of isomers 
were separated by preparative GLC on a carbowax column and the percentages of 
isomers obtained are shown in Table 2 together with the stereochemical assignments 
made on the basis of the spectral evidence described below. 

Stereochemistry of perhydrobenzo [e] pyrido [1.2-c] [ 1.31 oxazines’ 
There are four possible diastereoisomers of perhydrocyclobenxo [e] pyrido [1.2-c] 

[1.3] oxaxine I-IV (R = H, n = 2) and the stereochemistry of these differs from the 
super%ially related perhydrophenanthrenes by the presence of the conformationally 
mobile N atom which permits each isomer to exist as an equilibrium mixture of cis 
A: B and trans A:B conformations. Differences between the systems might also be 
expected to arise from, for example, the shorter C-O as compared to C--C bond 
length and from dipole+ole interactions involving the heteroatoms. Before dis- 
cussing the stereochemistry and spectra of the individual isomers in detail it is con- 
venient to describe a spectral feature common to all the isomers-the I of the C6 
methylene protons. All four isomers of perhydrobenzo [e] pyrido [1.2-c] El.31 oxazine 

l All the pcrhydrocycloalkano [e] pyrido [1.2-c] [1.3] oxuincs da&bed in this paper arc racemic 
mixtures. 





Proton magnetic resooaacc studier of compouods with bridgehead nitrogen atoms-XII 1221 

One surprising feature of the NMR spectrum of X which was of use in assigning 
configurations to the tricyclic compounds I-IV is the high field absorption (T = 6.73) 
of the Cl axial proton (cf 6.48 t in V), representing an apparent shielding of this proton 
by the axial C4 Me group of @25 ppm. The origin of this shielding which may in part 
be due to differences in the shape of the oxazine ring in X as compared to V is under 
investigation. The chemical shift of the equatorial Cl proton is practically identical in 
V, IX and X. 

TABLE 3. NMR SPECTRA OF PERHYDR~WXLMLKANO [e] PyIiDo [I. 2-c] [ 1.31 Ox~zlNes 

Compound Solvent 
Chemical shifts 

JCK_Y. (Hz)’ 
H l *a Hew HI, HT. JEW., Me’ 

(Hz) 

I (It=H.a=l)C CCI, 
I (R=H.n=2) ccl. 
I (R=H,n=2) CIHI 
I (R=H,n=3) CCI. 

II (R = H.o = I)’ 
II (R = H,n = 2)’ 
II (R = H,o = 3)’ 

III (R = H,n = 1)’ 
III (R = H,n = 2) 
III (R = H,n = 2)’ 
III (R = H,n = 3) 

IV (R = H,n = 2)’ 

I (R = Me,n = 1) 
I (R=Me,n=2) 
I (R=Mc,a=3) 

II (R = Me.n = 1) 
II (R=Me,n=2) 

III (R = Me, n = 1) 
III (R = Me.0 = 2)’ 
III (R = Me.11 = 3) 

ccl. 

ccl, 
ccl, 

CCI. 

CCl, 
GH6 

ca4 

CCI* 

CCI* 

CCL 
CCI. 

CG 

c-J34 

ccl4 

ccl, 
ccl, 

741 5.98 6.67 629 
7.50 5.80 6.63 6.60 
7.58 564 6.60 6.55 
745 5.82 665 645 

7.30 5.79 628 6.98 
7.40 5.86 638 7.20 
7.40 5.88 642 7.20 

7.30 6.10 6.26 5.86 
7.25 604 604 6-25 
7.45 5.87 599 618 
7.30 6.12 6.30 6.45 

7.20 5.51 6.06 695 

545 6.71 6.22 
5.34 6.69 6,58 
5.37 6.72 6.50 

5-25 6.44 6.94 
$36 6.55 7.18 

5.58 6.17 6a 
5.68 610 6.30 
5.68 647 6.25 

- 7.5 
- 7.2 
- 7.2 
- 7.4 

-8.5 
-80 
-89 

- 8.4 
- 

-89 
-8.2 

-74 

-8Q 
- 7.4 
- 7.2 

- 7.8 
- 7.5 

- 7.5 
- 7.5 
- 7.5 

8.95 5.4 
899 5.8 
898 5.7 

894 5.3 
8.96 54 

8.95 5.7 
895 - 

898 5.8 

l Ccntre of Me doublet. * Appnrcnt coupliog constant. 
’ Denotes spectrum run on Varian H.A.100 spectrometer, all other spectra run on Pcrkio-Elmer R.10 

spectrometer. 
d NMR parameters extracted from spectrum of this isomer contaminated with II (R = Me. n = 2). 

trans syn cis-Perhydrobenzo [e] pyrido [1.2-c] [I.31 oxazine (I; R = H, n = 2) 
The first isomer off the preparative GLC column was assigned the truns syn cis 

stereochemistry Ia (R = H, n = 2). The J of -72 Hz and the presence of Bohlmann 
bands”* ’ in the IR spectrum is in accord with Ia but not with the alternative cis syn cis 
conformation Ib (no Bohlmann bands, J ~a-10 Hz) or the cis syn cis conformation Ic 
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(J ca-8 Hx, no Bohlmann bands). Also by analogy with the perhydrophenanthrenes, 
the latter two conformations can be neglected. The data so far presented is, of course, 
equally consistent with trans A : B conformations of II and III. 

The real lead to the stereochemistry of this isomer was the chemical shift (6.63 t) of 
the C6 axial proton which was the highest field absorption for this proton to be 
observed in the four isomers. This suggested the presence of an axial ring methylene at 
Cl la(cf. X). The chemical shift of the axial C7a proton of 660 T is the same as that of 
the C3 ax proton in VII. Deshieldings by O-20 ppm of an axial proton by a vicinal axial 
Me group have been reported.4 If la is the correct structure for this isomer then the 
signals arising from the C7a proton might be expected to have a band width of ca. 12 Hz 
arising from three approximately equal Jax-eq of ca. 4 Hz. The C7a proton signals 
were in fact partially overlapped by the C6Hax doublet so that the splitting pattern 
could not be seen but the line width of the signals was in accord with the predicted 
value. 

trans. anti, trans-Perhydrobenzo [e] pyrido [1.2-c] [ 1.31 oxazitte II (R = H, n = 2) 
The truns anti trans stereochemistry IIa was assigned to the second isomer off the 

column. The alternative cis anti truns conformation Ilb is inconsistent with the 

TABLE 4. IR SPISTRA OF PeuHYDuOCYCLoALKANo ]e] PYNDO [1.2-c] [1.3] OxAzlNm 

Compound 

I (R=H,n=l) 

I (R=H,n=2) 

I (R=H.o=3) 

II (R-H.n=l) 

II (R=H.n=2) 

II (R=H.n=3) 

III (R = H.n = 1) 

III(R=H,n=2) 

III(R = H.n = 3) 

IV(R=H,n=2) 

2800-2650 cm - ’ 

2765(m) 271O(mw) 
268oImw) 
2765(m) 273O(mw) 271O(mw) 
269O(mw) 268O(mw) 

2770(m) 274qmw) 272O(mw) 
27Oqmw) 268qmw) 
2765(m) 27wmw) 27lqmw) 
2690Imw) 

2765(m) 274O(mw) 2715(mw) 
2690(mw) 

2770(m) 274O(mw) 269S(mw) 

2770(m) 274O(mw) 2690[mw) 

2770(m) 273o(mw) 271O(mw) 
27oo[mw) 

2770(m) 27wmw) 27oo(mw) 

2760(w) 2750(w) 2730(w) 

1200-IOOOcm- 

118qmw) Ilmm) 115lJm) 1140(m) 
1125(a) I IOqs) 1065(ms) 103O(mw) 
1 lSS(mw) I lmm) 1145(s) 1130(s) 
112qa) 11 lo(s) 1095(a) 1075(s) 
1055(mw) 1010(mw) 
lmmw) 1170(mw) 1150(m) 1135(s) 
1120(s) I1 lqs) lOSO 103S(mw) 
1185(m) 1175(mw) 11Sqm) 1135@) 
1125(s) 1 I la(m) 1 IO(&) 1085(m) 
loao(J) 1050(m) IO%(m) lOOO(mw) 
1165(ma) 1150(a) 1140(s) 1125(s) 
11 lO(ms) 1 lUl(8) 1090(s) 1075(m8) 
1050(s) 102O(mw) 
1180(m) 1155(mw) 1140(r) 1 lza(s) 
109S(mw) 109qm) 107qmw) lOso 
103S(mw) 103O(mw) 
1180(m) IlSS(a) Ilsa(ms) 1140(s) 
1135(s) 1 12qs) low(r) 1065(m) 
106tJm) lOG(mw) 1025(mw) 995(mw) 
1195(m) 1 MO(m) 1 ISqs) 114qms) 
1125(s) 11 lO(mw) 1090(s) lMO(s) 
1160(s) 1025(m) laB(mw) 
1200(m) 1185(mw) 1 MO(m) 1 lmmw) 
114q4) 1130(s) 1125(s) llOO(ms) 
1087(m) 1077(ms) 107O(ms) IOSqmw) 
1040(m) 
1185(mw) 1165(mw) 115qs) 113O(ms) 
112O(ms) 11 Iqma) 109qs) 1080(s) 
1050(m) 1035(m) 102O(mw) 995(mw) 
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observed value ( -7 .8  Hz) of J (C6 methylene) and with the presence of Bohlmann 
bands in the IR (Table 4). This compound showed the highest chemical shift (7-20 3) 
for the C7a proton of all four isomers. A comparison with the chemical shift of the 
C3-Hax in octahydropyrido [ 1.2-c] [1.3] oxazine, shows that this represents a shielding 
of ca. 0.50 ppm by the C ring. 

Segre and Musher t6 have reported the marked shielding effect of an equatorial Me 
substituent on axial protons which are on adjacent C atoms in cyclohexane ring 
systems. The axial proton vicinal to two equatorial Me groups in cis, cis-l,3,5-tri- 
methylcyclohexane and in cis, trans-l,3,5-trimethylcyclohexane absorbs at 9-53¢; 

14 

lla 

H 

H 
Ilb 

0-73 ppm to higher field as compared with the axial protons in cyciohexane which 
absorb at 8.80 ~. Therefore in cyclohexane ring systems the effect of one equatorial Me 
substituent is to shield the axial proton on the adjacent C atom by 0.37 ppm. A shield- 
ing of 0-47 ppm has been reported ~ for the axial CI hydrogen in cyclohexanol which 
has been equatorially substituted at C2 by a Me group. It is reasonable to assume that 
this shielding effect will still operate in heterocyclic analogues especially in view of the 
observation by Delmau z a of a shielding of the C5-Hax in 4-methyl- 1,3-dioxan, by the 
equatorial Me group of 0.4 ppm. 

One would therefore expect the chemical shift of the axial C7a proton in lla to be 
ca. 0.4 ppm to higher field than in VII (6-60 3) i.e. 7.0 ~ which is lower than the observed 
value of 7-2 3. However such a high chemical shift can only be attributed to an axial 
proton shielded by a vicinal methylene group and the influence of the remaining ring 
methylenes cannot be overlooked. 

The CTa proton signal has a line width of 25-30 Hr.. Although the pattern cannot be 
analyzed due to its overlap with the signals arising from the C4Heq proton, the wide 
line width is consistent with two axial-axial proton interactions (J ax-ax = 10 Hz) 
and one axial--equatorial interaction (J ax-eq = 4 Hz). These compounds show very 
slight long range coupling of the C6Heq proton, presumably with the C7a proton, such 
couplings having been observed 19 between H2eq and H4ax in 1,3-dioxans. 

trans anti cis-Perhydrobenzo tel pyrido [1.2-c] [1.3] oxazine Iii (R -- H, n = 2) 
The spectral data obtained from the third isomer off the column is in complete 
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accord with this being the truns anti cis isomer. By analogy with the perhydro- 
phenanthrenes,* IIIa is expected to be the preferred conformation for this compound. 
The presence of Bohlmann bands in the IR and the J(C6 methylene) of - 8.0 Hz agree 
with the presence of the trans-fused octahydropyrido [1.2-c] [ I.31 oxazine moiety in 
the molecule but not with IIIb (no Bohlmann bands, J = -8.0 Hz) or 111~ (no 
Bohlmann bands, J = - 10 Hz). The chemical shifts of the C6 protons in III should 
resemble those in VI. In carbon tetrachloride solution the C6 methylene protons of III 
appeared as a singlet at 604 r and the corresponding protons in VI also gave rise to a 
singlet (Ccl* soln) at 6.13 r. This deshielding of the axial proton by 044 and by 035 
ppm (compared with that in V) is a result of the presence of the syn axial C8 methylene 
in IIIa or of the axial Me group in VI. The equatorial N-CH-0 proton in both com- 
pounds (compared to V) is shielded by this axial substituent by &22 (in IIIa) and by 
031 ppm (in VI) whereas in cyclohexanes* an axial C3 Me deshields an equatorial Cl 
proton by O-08 ppm. Shielding rules for carbocyclic compounds are not expected to 
be exactly applicable to heterocyclic systems but since so many analogies exist it is 
important to note the apparent exceptions. Delmau5 has observed a shielding of 
similar magnitude of the C3 equatorial proton in 1,3-dioxans by the axial C4 Me 
group to that observed in IIIa which supports the stereochemical assignment made. 

The chemical shift (6.25 r) of the equatorial C7a proton in III represents a shielding 
of 027 ppm by the Cl 1 methylene group (cf r = 5.98 for the C3Heq proton in VI). 
This is in agreement with the known* shieldings of equatorial CH protons by vicinal 
equatorial Me groups. First order analysis of the signals arising from the C7a proton 
in this isomer gives J,.srr = 10 Hz and J,., i. = 4 Hz in agreement with stereo- 
chemistry IIIa. 

This group of compounds show no significant long range coupling of the C6Heq 
proton even though the extended W stereochemistry is present. A study5 of long range 
coupling in Me substituted lJ-dioxans has shown that the introduction of an axial 
Me at C4 reduces the long range coupling of H2e with H6e and H6a, the latter 
coupling becoming unobservable. The axial substitution at position 7a would there- 
fore greatly contribute to the reduction of the long range coupling between the C7a-H 
proton and the C6Heq proton. 

IVb 

H 

=T 
0 

N a i 
-,// H / 

H 

1Va 
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cis syn trans-Perhydrobenzo [e] pyride [ 1.2-c] [ 1.31 oxazine IV (R = H, n = 2) 

The cis syn trans isomer is expected to exist in the most favourable all chair con- 
formation IVa the less favourable conformation IVb involving a boat B ring. The cis 
A: B ring junction in conformation IVa is coasistent with this being the structure for 
the isomer (fourth off the column) showing only weak Bohlmann bands (Table 4). In 
addition IVa has the correct N-CH2--0 geometry for the observed J of - 7.6 Hz. 

The chemical shifts oftheC6and C7a protons are in accord with the stereochemistry 
IVa Thus compared with the corresponding signals in the spectrum of V the C6 axial 
proton absoibs at 042 ppm to lower field consistent with it being deshielded by the 
syn axial Cl methylene group. This is comparable to the deshielding by @45 ppm of 
the a-proton in going from rrans 2-t-butylcyclohexanol to iso-t-butylmenthol. Some- 
what surprising is the low field absorption of the C6 equatorial proton of 5.51 T 
(cf 5.82 T in V). The Cl methylene would be expected to deshield this proton by only 
ca. OG8 ppm if analogies can be drawn with carbocyclic systems.* The chemical shift 
of 6.95 T for the axial C7a proton is 035 ppm to higher field than in VII consistent with 
the known shieldings* of axial protons by vicinal equatorial alkyl substituents (in this 
case the Cl 1 methylene group). First order analysis of the C7a proton signals gave 
J 7du = J 7a11a = 9.4 Hz, J,.aq = 4 Hz in agreement with IVa The three proton 
multiplet at 7.2 r must be due to the three N-CH protons skew to the N lone pair. 

Rares of methylation of the isomeric perhydrobenzo [e] pyrido [1.2-c] [ 1.31 oxozines 
Stereochemical assignments to certain saturated heterocyclic compounds, for 

example the isomeric julolidines2’* ” and the perhydronaphthoquinolizidines22 have 
been assisted by studies on the rate of reaction of these bases with methyl iodide. To 
provide independent evidence in support of the stereochemical assignments made on 
spectral grounds the rates of methylation of the isomeric perhydrobenzo [e] pyrido 
[1.2-c] [ 1.31 oxazines and of the two isomeric 4methyloctahydropyrido [1.2-c] [ 1.31 
oxazines (IX and X) were determined. The results (Table 5) indicate a much slower 
rate for the trans syn cis isomer I (R = H, n = 2) and for X than for the remaining 
compounds. This is in accord with the proposed structures for these compounds since 
the axially situated Cl1 methylene in I (R = H, n = 2) and the axial Me in X is 
expected to shield the nitrogen atom from attack by methyl iodide. 

Stereochemistry of perhydrocyclopentuw [e] and perhydrocycloheptano [e] pyrido 
[1.2-c] 11.31 oxazines 

Three isomeric perhydrocyclopentano and three isomeric perhydrocycloheptano 

TMLB 5. RATB OF QuAmmnoru op ~RoBBNz0[e] 
PYRnlo [1.2-c] Il.31 OxAzrNB AND 4-MElwYL B 
oCrAHYDR0PYRlDo [1.2-c] [ I.31 OxAzlNm WITH M8rHY-L IoDme 

Compound K(1 mole-’ min-‘) 

I (R=H,n=2) 0022*@004 
II (R=H,n=2) 0321 f 0004 
111 (R = H. II = 2) 0419 f wo2 
IX a255 f oool 
X o-o73*Otxl2 
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[e] pyrido [1.2-c] [1.3] oxazines were obtained by the route shown in Fig. 1 and 
configurations and preferred conformations Ia-IIIa (R = H, n = 1 and n = 3) 
assigned to these compounds by comparing the order of collection of the isomers off 
the carbowax column (Table 2), NMR spectral parameters (Table 3) and the appear- 
ance of the 2800-2600 cm- i and 1200-1000 cm- ’ region of the IR spectrum (Table 4) 
with the corresponding data for compounds I-III (R = H, n = 2). As can be seen from 
the Tables, the stereochemically related isomers resembled each other closely in rela- 
tive retention times and in spectral data and only compounds showing values differing 
significantly from the other isomers in a set require comment. We were unable to 
obtain any of the cis syn trms isomers IV (R = H, n = 1 and n = 3). 

In the case of the trms syn cis cyclopentano isomer (I, R = H, n = 1) the chemical 
shift of the C6 equatorial proton is 018 ppm to higher field and that of the C7a proton 
D31 ppm to lower field compared with the corresponding chemical shifts observed 
for the dmembered ring analogue (I, R = H, n = 2). This lower field absorption of 
the C7a proton in the cyclopentano isomer is also observed in the zrans anti tram and 
trans anti cis series. A contributing factor to this deshielding might be a distortion of 
ring B caused by the fusion to the 5-membered ring This would result, among other 
things, in slightly different lone pair -CH bond orientations and in support of this, 
J (C6 methylene) in the three sets of isomers is observed to be always slightly more 
negative for the cyclopentano isomers. In the trans anti cis compounds the C7a proton 
absorbs at increasingly higher field as the ring size increases. 

The values of J (C4 methylene) were observed to be rather similar for the 6 and 7- 
membered ring compounds and in each set the chemical shifts of these protons tended 
to be slightly to higher field for the cycloheptano compounds. J (C6 methylene) was 
found to be ca. O-1 Hz more positive for the trms syn cis isomers (I, R = H) than for II 
and III (R = H). In all the isomers I-III (R = H) a broadened one proton doublet was 
observed at ca. 7.4 T characteristic of an equatorial C-H proton adjacent to a N atom 
with its lone pair of electrons axially orientated and the coupling constant of ca. - 11 
Hz is in the expected range for J 4eq4ax in the environment shown in Ia, IIa and IIIa. 

As stated above the IR spectra of all the isomers possessing the same stereochemistry 
show similarities in the appearance of Bohlmann bands and in the 1200-lOOOcm_’ 
region. The truns syn cis isomers (I) show one prominent band at 2765 cm-’ with a 
number of moderate to weak absorptions on its low wave number side. The trots anti 
trans isomers (II) show Bohlmann bands of similar appearance to those shown by I 
whereas the mans anti cis isomers (III) show a prominent band at ca. 2770 cm-’ with 
a set of descending maxima on the low wave number side. In the 1200-1000cm-’ 
region, isomers 1 show a fairly symmetrical absorption pattern with a marked doublet 
in the central region, quite distinctive from the more complex absorption observed for 
II and III. 

4-Methylperhydrocycloalkano [e] pyrido [1.2-c] [ 1.31 oxuzines 
Having established the configurations and preferred conformations of the un- 

substituted tricyclic compounds it was considered of importance to study some Me 
substituted derivatives since if significant variations in NMR parameters (other than 
the direct effect of the Me on chemical shifts) between these compounds and their 
unsubstituted analogues were to be observed, the presence of appreciable quantities 
of alternative conformations in equilibrium with Ia, IIa and IIIa would be indicated. 
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Eight racemic isomers are possible for a monomethylperhydrocyccycloalkano [e] pyrido 
[1.2-c] [1.3] oxaxine and because separation problems with such a mixture might be 
anticipated to prove difficult it was decided to prepare the 4 Me compounds. In this 
case only four isomers, i.e. those with the C4 hydrogen possessing a cis relationship to 
the A : B bridgehead hydrogen, were expected to be produced by the synthetic route 
shown in Fig. 1 since catalytic reduction of Gmethyl-2-pyridyl carbinol*j and of 
bmethyl-2-pyridyl ethanol* has been found to give exclusively the cis-2,6-H-piperidine 
derivatives, Less than four isomers for each set were in fact obtained and these were 
assigned the configurations and preferred conformations shown in the Tables for 
reasons to be discussed below. 

As was the case with the unsubstituted compounds the cruns syn cis isomer (I, 
R = Me) came off the GLC column first (Table 2) but the truns anti tr~ns isomer 
(II, R = Me, n = 2) and the frans anti cis isomer (III, R = Me, n = 2) came off the 
column together and were then separated by column chromatography over Woelm 
alumina. Unlike the unsubstituted analogues, III (R = Me, n = 1) possessed a shorter 
retention time than II (R = Me, n = 1). 

The presence of Bohlmann bands in the IR spectra (Table 6) and absence from the 
NMR spectra of the doublet at ca. 7.4 T observed in I-III (R = H) corresponding to 
the C4 equatorial proton is in accord with all the Me isomers existing in a truns A : B 
conformation with the C4 Me group quatorially orientated. In agreement with this 
the centre of the Me doublet in the 4Me isomers varied only from 8.94 to 899r 
(Table 3) this being close to the value of 8.97 t observed for the closely related cis- 
9,5-H-9-methyloctahydropyrido [1.2-c] [ I.31 oxaxine which has been shown* to exist 
in the trans-fused ring conformation VIII with an equatorial Me group. The geminal 
couplings between the C6 methylene protons also agrees with a fruns A:B ring 
junction. 

TMNJ! 6. IR SP~EIRA af’ 4-MFIHYL PeRHYDROCYCLOALKANO [c] ~YRIDO [ 1.2-c) [I. 3) OXAZtNE4 

Compound 

I (R=Mc,n=l) 

I (R=Mc,a=2) 

I (R=M+n=3) 

II (R = Me,n = I) 

II (R=Mqn=2) 

III (R = Me,n = 1) 

III(R = Me,n = 3) 

2800-2650 cm - * 

28lS(mw) 2765(m) 2740(m) 
272qm) 268O(mw) 
2820(m) 278qm) 276qm) 
272tXm) 269O(mw) 266qmw) 
278qm) 2760(m) 2740(m) 
273tWm) 272qm) 2690(m) 
2660Im) 
2820(m) 2785(m) 2750(m) 
2740(m) 27am) 269O(mw) 

2820(m) 2780(m) 2760(m) 
2740(m) 2730(m) 272Qm) 
269O(mw) 266qmw) 
282O(mw) 2790(m) 2780(m) 
2760(m) 27*mw) 

BWN 2T90(m) 2Wd 
2735(m) 2mmw) 266qmw) 

12004oalcm- 

1203(mw) 118qmw) 116qm) 1 MO(m) 
112qm) 1 lO3(vs) 1080(m) 106qm) 
1 lPS(mw) 1165(m) 115qvs) 1 L!S(vs) 
1115(s) 1105(s) 1085(m) 1055(m) 
1205(m) 12Oqm) 118qmw) 117o(mw) 
1148(a) 113yvs) 11 IYVS) 1093(s) 
107qmw) 1055(m) 
1 1Qmw) 118O(mw) 1152(s) 114qm) 
1125(s) 111qm) 1090(m) 1060(m) 
106qs) 104fJmw) 102O(mw) 
1298(m) 1165(m) 115~~s) 113Zjm) 
112qmw) 1 lOS(vr) loS5Jva) 1065(m) 
1055(m) lCUO(mw) lOM(mw) 
1203(mw) 1185(m) 1157(m) 1140(m) 
1130(s) 1 lzo(m) I 100(s) 1085(m) 
NM(m) lolS(mw) 
1205(m) 1198(m) 1156(s) 1138(s) 
1124(s) 1118(a) 1095(s) 1080(s) 
1066(m) 10mmw) 
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An estimation of the magnitude of changes (compared to I-III, R = H) in chemical 
shifts of the C6 and C7a protons in the 4-Me compounds brought about by the 
presence of the equatorial Me group may be obtained by studying the chemical shift 
differences between V and VIII. Table 1 shows that the Me group does not significantly 
alter the chemical shifts of the C3 protons whereas the quatorial ClH proton is 
deshielded by 040 ppm and the corresponding axial proton is shielded by 025 ppm. 
An examination of the NMR parameters of the 4-methylperhydroben [e] pyrido 
[1.2-c] [ 1.33 oxaxines (Table 3) shows that the chemical shifts of the C7a protons are 
almost identical with those of the unsubstituted analogues and the C6 equatorial 
proton is deshielded by the Me group by 046 to 062 ppm, and the axial C6 proton 
shielded by 04X-017 ppm. Thus, the deshielding by the Me group of the C6 Hq is 
apparently greater than in VIII and the shielding of C6 Hax less. The deshielding of 
C6 Hq in the cyclopentano compounds is ca. 0.53 ppm and in the cycloheptano com- 
pounds ca. 044 ppm. The corresponding shieldings of the C6 Hax protons vary from 
094 to O-17 ppm with the exception of III (R = Me, n = 1) where this proton is de- 
shielded by 049 ppm. From this comparative study of the NMR data the stereo- 
chemical assignments shown in the Tables were made, with all the isomers possessing 
a trans A : B ring junction (Ia, IIa, IIIa) and an equatorial Me group. The lack of an 
exact match between the observed chemical shift data and the values predicted by the 
change V -+ VIII may arise from small variations in the shape of the oxazine ring, 
presumably brought about by fusion to the various C rings. 

EXPERIMENTAL 

All elemental analyses were carried out by Dr. F. Pascber and E. Paacber, Microanalytical Laboratory. 
Bonn, W. Germany and at Reading University (mp. are uacorrectul). IR spectra were recorded at a 
Perkin-Elmer 457 grating instrument and measured aa @2M rolna in Ccl, usiog 02 mm matched cells. Tbe 
NMR spectra were detumined on a Perkin-Elmer R-10 and a Variao HA-100 a~romcter M 10% sohs 
in CCl. or bcnzcoe with TMS aa internal reference. Scpnr8tiow were carried out on II Varh Autoprcp gas 
cbromatograpb. 

Preparalbn of 2-(2-pyridyi) cycloafkunones 
General procedwc. The prqmmtioo of Z-(Zpyridyl) cyclobexu~o~~ WM carried out accordiog to tbe 

method of Hatnana and No&,‘~ from pyridioo-l-oxide and I-morpholino-cyclobexcn-l-amine. This 
method was also employed in the preparation of 2-(Zpyridyl) cyclopattattooe aod 2-(Zpyridyl) cycie 
beptanone from I-morpbolino-cyclopcnten-l-amine and I-morpbolino-cyclobcptcn-l-amine rC3pUZtircly. 

2-(ZPyridyf) cyclopentanone. Tbe reaction of I-morpbolinwzycloputtun-l-amine (153 g, 1M) with 
pyridio+N-oxide (47~5g 05M) and benzoyl chloride (84*3g, 06M) gave on distillation 2-(Zpyridyl) 
cyclopcntanone (40 g, 40%) as M orange-yellow oil b.p. 54-S6*@04 mm. 

2-(tPyridyf) cycloheptanone, The doo of I-morpbolioocyclobeptca-l-rmine (50g, Q3M) with 
pyridioc-l-oxide (15g O+lSM) and benzoyl chloride (41.6, B19M) gave on distillation 2dZpyridyl) 
cyclobcptaoooe (268 & 90%) as a yellow oil bp. g4-8g”/QIS mm. (Found: C, 76W; H, 799; N. 7.64. 
Ci2H1,N0 requires: C, 7615; H, 799; N. 790%). 

Preparation of 2-42~piperidylj cyclwlcaMls 
General pmcedwe. The 2-(2-pyridyl) cycloalkaoone was hydrogenated at 60 psi and at room temp using 

PtO* atalyst. Tbe colourlw loin WM baaified witb NaOHaq and ether extracted 3 tima. The ether so& 
was dried over NolSO. and evaporated to leave the crude 242~pipcridyl) cycloalkanol wbicb was diatiUed. 

242-Piperidyfj cyclohexa& Tbe product of hydrogenation of 2qZpyridyl) cyclohcxanone was sublimed 
at 102YQ35 mm. Tbe mixture of iaomcra WM obtained as a solid, m.p. 705-W. (Found : C, 72.21; H. 1147; 
N, 7.65. CIIHa,NO requires: C, 72Gg; H, 11.55; N, 764%). 
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242-Piperidyl) cyc&entuA The product of hydrogenation of 2_(2-pyridyl) cyclopcatanone wax sub 
limed at 118°/Mmm to give a solid, m.p. 141~~143’. (Found: C, 71.54; H, 11-J; N. 8-40. CloHJW 
rapim: C, 70%; H. 11.32; N, 828%). 

242-f iperidyl) cyr/oheptanoL The product of hydrogenation of2-(2-pyridyl) CYC~O~CPUOOLIC tvar3 8ublimd 
at 4448’/@1 mm 10 give a solid, m.p. 51-53’. (Found: C, 7295; H, 11.76; N, 7.20. ClsHssNO r~~ubes: 
C. 73-04; H. 1 l-75 ; N. 7.10% ). 

Prepwarion of perhydrocyclualkono [e] pyrido [1.2-c] [ l.9 oxazines 
Genrrol procedure. The 2-(2-piperidyl) cycloalkanol was shaken with an excess of 36% aqueous for- 

maldehyde soln for 4 hr. The mixture was has&d with NaOH aq and ether extracted 3 times. The ether 
solo was dried (NasS0.h evaporated, and the residue distilled to give the required pcrhydrocycloalkaoo 
[e] pyrido [1.2-c] [1.3] oxaxinc. 

Perhydrobemo [e] pyrido [1.2-c] [ 1.31 oxazine. 24ZPipcridyl) cyclohexaool (40 g) gave a mixture of 4 
isomcn(18~5&45%)asacolourlcssoil.b.p.56-60”/001 mm.(Fouod:C,73~77;H,1084:N.694.C,,H2,N0 
requires: C 73.79; H, 10.84; N. 7.170/,). The isomers wm scparatai on a 15% carbowax/chromosorb 
W. column. oven l&T, with a xamplc injection of@2 ml and with Hz as carrier gas (flow rate of 200 ml/min). 

tram syn cis Isomer I (R = H, n = 2) 4’ 1.5173. picrate m-p. 205-5-2065’ (Found: N, 1348%). 
tract anti trans Isomer II (R = H, o = 2) # l-5121 m.p. 180-18BP (Found: N. 13.32%). 
~NUU anti cb Isomer III (R = H. n = 2) n$1*5160, picrate m.p. 156157 (Found: N. 13-43%). 
cis syn rrans Isomer IV (R = H, II = 2) m.p. 39-40”. picrate m.p. IsQ~152~5” (Found: N. 13.41. 

CIIHs,N,OI requires: N. 13.20%). 
Per~y&ocyc/openr~o [e] pyrido [I.2<] [ I.31 oxazine. 2dZPiperidyl) cyclopentanol(17 g) gave a mixture 

of tbmc Ixomcrs (94 g, 56%) as a colourlass oil b.p. 474T/ol mm. (Found: C, 72.85; H. lD24; N, 7.80. 
CllHIPNO requires: C. 72.88; H, 1057; N, 7.73%). 

The isomers were scparatcd on a 15% carbowax/chromosorb W. Column, oven 1859, dctazor 25CP. 
iojoctioo block 24fP. Sample injection was 01 ml with hydrogen as carrier gas at a flow rate of 200/ml/min. 

rruns syn cis Ixomer I (R = H. o = I) n b’ l-5092, picrate 0r.p. 146-148” (Found: 1345%). 
rrons ami rrtms Isomer II (R = H. o = I) &’ MO58, picrate m.p. 1655-167 (Found: 13.77%). 
rrans Mri cis Isomer III (R = H, o = 1) t$’ 1.5124, picrate decomposed during rectystalliboo. 

CI,HPaNIOI requires: N. 13.65%. 
ferhydrocycloht-ptmo [1.2-c] [l-3] oxotine. 2-(ZPiperidyi) cycloheptaool (13.1 g) gave a mixture of 3 

isomen(8~6g,62%)axaolourlcaxoil b.p. 57-5YpOS mm. (Found: C. 73.86; H, 1066; N, 7.24. C,,H1sNO 
requires: C. 7459; H. 110s; N, 669%). 

The isomers were separated on a 15% carbowax/chromosorb W.. sample injection Q3 ml with Hs as 
carrier gas at a flow rate of 200 ml/mm. 

trams syn cis Isomer I (R = H. II = 3) II,.’ I.5140 
trans anti frolLI Isomer II (R = H. n = 3) 4s” l-5285. 
runs anti cis Isomer 111 (R = H. o = 3) #‘” l-5223. 

2-(bMerhyC2-pyridyi) cycloalkanols 
General prmdure, The preparation 2+mcthyl-2-pyridyl) cyclohexanonc was carried out according to 

the mahod of Hamana and Nodal* from 2-picoline-l-oxide and I-morpbolino-cyclohexen-l-amine. This 
method was also employed in the preparation of 2-(bmcthyLZpyridyl) cyclopcntanooe and 2+mctbyl- 
2-pyridyl) cyclohcptaoone from I-morpholioo-cyclopenten-1~~~ and I-morpholin~lohepten-I- 
amine respectively. The ketones were not puriiicd but hydrogeoatai directly at 60 pai and at room tcmp 
with PtOl catalyst. The solo was filtered, baxiRal with NaOH 4 and ether extracted 3 times. The ether xoln 
was dried (NasSO,) and evaporated to give the crude 2+methyl-2-pipcridyl) cycloalkanols. 

2+%MerhyC2-pipcrfdyl) cyclohexmol. The pmdu~ obtainal by reduction d 2-(6-mctbyl-2-pyridyl) 
cyclohexaoooe was rccrystallixed from light petroleuasbenxene to give 2-(&ncthyl-2-pipcridyl) cyclo- 
hexanol as colourlcxs needles m.p. 115-114. (Found: C, 73.52; H. 11-86; N, 709. C,sH2,N0 requires: 
C, 73a; H. 11.75; N. 7.10%). 

2_(6-MerhyC2-piperidyf) cyclopenmnof. The product from z(dmcthyl-2-pyridyl) cyclopentaaonc wax 
rccryxtailizcd from light petroleum-bcnxene to give 2-(~merbyl-2-pipcridyl) cyciopentanol as a felt of soft 
colourless needles m.p. 138-13Y. (Found: C, 7215; H. IM4; N, 754. CllHllNO requires: C, 72a; H, 
11.55; N. 7.64%). 
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2+MerhyC2-plperidyyl) cycloheptaaol. 2+3-Methyl-2-piperidyl) cycloheptanol was obtained as a colour- 
less viscous oil b.p. 115-12A*/oo3 mm which because of the occurmncc of decomposition on further b 
tionatioa was not obtained analytically pure. 

4-Methylperhydrokeazo [cl-pyrido [1.2-c] [ 1.31 oxaziae 
2-(6Methyl-2piparidyl) cyclohexaool(12 g) on treatment with formaldehyde gave a mixturc of 3 isomers 

(95g) as a colourlass oil b.p. 92-w’/o3 mm. (Found: C, 74.63; H, 11.21; N, 7-12. C,,Hr,NO raquirw: 
C. 7459; H. 1108; N, 6.69%). The mixture was separated into a mixture of 2 iaomcrs and ooe pure iaomcr, 
m.p. 35-36-S’. (Found: C, 74.69; H. 1097; N, 6.75. f&H,sNO rquinr: C, 7459; H, 1 la; N. 669%L by 
preparative GLC usin8 a diethylane glycol suucinate column, oveo 180’. Sample injaction wu 020 ml with 
Hz aa carrier gas at a e0w rate of 200 ml/min. 

The binary mixture of isomers was chromatographul over Woclm Alumina to @vc II (R = MC, n = 2) 
m.p. Sl-ST from petroleum ether. (Found: C, 74-84; H, 11.32; N, 6.63. CrsHssNO requires: C, 74-59; H, 
11.0s; N.669%). 

444ethylperhydmcycbpentmo [c] pyrido [1.2-c] [ 1.31 oxuriae 
2-(dMcthyl-2-piparidy)) cyclopantanol (52.2 e) on tratmant with formaldehyde gave a mixture of 3 

isomers as a colourless oil bp. 7678*p28 mm. (Found: C, 73.79; H, lD86; N, 7.38. C,sHsrNO requires: 
C, 73.79; H, 1084; N, 7.17%). 

The isomers were separated on a dicthylene glycol succinate column+ oven 1 W, with a sample injection 
of O-1 ml. 

+Metkylperhydr~yc&hepto [e] pyrido [1.2-c] [1.3] oxuzinc 
2-(6-Methyl-2-piperidyi) cycloheptanol (225 g) on treatment with formaldehyde gave a mixture of 2 

isomers (20 g) as a colourless oil b.p 83-94”/008 mm. (Found: C. 75.16: H. 11.32: N. 6.30. C,,H,5N0 
requires: C, 75.28; H, 1128; N. 6.27%). 

The isomers were sepamtd oo a diethylcne glycol ruccinate column, oven 200’. with a sample injection 
of 0.1 ml and Hs as carrier gas at a Bow rate of 200 ml/min. 

242-Piperidyfj proparwl 
2-(2Pyridyl) propaool” (405 g) was hydrogenated at 60 psi and at room temp in glaciaJ AcOH (300 ml) 

with PtOs (1 g) as catalyst. The catalyst was liltcred off and AcOH was runovcd in wcuo. The sobt was 
basificd with NaOHq and extmctcd several times with ether. The dried (NasSO.) ether extract was 
evaporated to leave a viscous liquid which solidified aftcr prolonged freezing, The solid oo mcrystalliition 
from light pctroicu~benzcne gave 2-(2piperidyl) propaool(30 g) as aggregatea of colourlcas ncaila m.p. 
58-5V. (Found: C. 67.26; H, 11.83; N. 1004. CsH,,NO rquircs: C, 6709; H, 1196; N, 97.8%). 

4-Methyloctahydropyridoropyrido [1.2-c] Il.31 oxazine 
242-Pipcridyl) propanol was shaken with excess 36% formaldehyde solo for 4 hr. The maction mixture 

was worked up in the usuaJ way to yield on distillation 4-mcthyloctahydropyrido [1.2-c] cl.33 oxazine as a 
mixture of 2 isomers b.p. 28-31’/Do2 mm. (Found: C, 6942; H, 1@98; N, 904. CaH,,NO requira: C, 
69.63; H. 1104; N. 9+2%). 

The mixtum was rparata-J by preparative GLC uoi~~ a diethylana glycal auccinata column, oven 150”. 
~withsMpkinjcctionofO~lml~dH,~~carrier~~aflowmtc01200ml/min.Tbeiromerspreseatin~ 
approximately So/50 mtio were collcctcd in the following order: 

c&&5-H4-Methyhwztahydropyrido [1.2-c] [1.3]oxa7ine b.p. 3&32”/W3 mm (Found: C. 7002; Y 11.12; 
N, S-33. f&H, ,ON raquim : C. 6963 ; H. 1104; N. 9Q2%). 

trau.r4,5-H-4-Methyloctahydropyrido [1.2-c] [1.3] oxazina bp. 28-31°/003 mm (Found: C.6962; H, 
1~89;N,~ll.C~H~,ONrcquires:~~~3;H,llO);N,9~2%~ 
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