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ABSTRACT

X-ray crystal structure data of twenty-one compounds are analysed in order to bring out
the salient features of the piperidine ring system in terms of bond lengths, bond angles and torsion
angles. Itis found that, in all the cases, the ring system exists in the chair conformation. The com-
pounds are analysed in terms of five major grcups depending on the substituiton at the hetero nitrogen
which predominantly exists (in 15 of the twenty-one structures) in ithe quarternary charged state in
the crystal structures. Any single substitution at N prefers the equatorial position than the axial, A
comparative study is made among the five major groups. It is observed that there are significant
differences in C—N bond lengths and in torsion angles about various bonds of piperidine between
structures with nitrogen in the charped and uncharged states. The piperiding ring is in general seen

to be more puckered than the cyclohexane ring.

INTRODUCTION

HE piperidine ring is closely related to cyclobexang
with the replacement of one methylene group of
cyclohexane by an NH group., For cyclohexane,
two main conformations of the ring are possible, i.e.,
the energetically stable chair and the less favoured
boat conformation, The boat form is found to have
a greater energy than the favoured chair conformation
by about 6-9 kgal/mole, The chair conformation is
preferred in piperidine also, with the boat form baving
4-7 kcal/mole greater energy than the chair form!,
'The piperidine ring is of additional conformational
interest because of the controversy over whether the
hydrogen of N is *axial’® or ‘equatorial > with respect
to the ring. For instance, it is found from theoretical
calculations and otber reasoning that the bhydrogen
of N in the axial position (with the lone pair equatorial)
is conformationally more favoured® by 0-6 kcal/mgle.
However, more recent work®* claims that the WN-H
equatorial conformation of piperidine 1s preferred to
axial by 0-4 kcal/mwole,

Crystal structure data of 21 piperidine compounds
are available for comparison of the conformational
aspects of piperidine and it is found that the piperidine
structures predominantly have nitrogen in the charged
quarternary form (15 of the 21 structurgs), The six
structures in which nitrogen is uncharged have a carbon
atom {of methylene, ethylene, aromatic groups, etc.)
bonded to it instead of a hydrogen, The 21 structures
are listed in Table T with references®=*® and the
accurgcy of 'he structure analysis (R-factor), Figure 1
gives the structural formulae of these compounds,
They arc broadly subdivided into five categorics
depending on the substitution at N and whether these
are axial or equaforial as given in Table Il Tig. 2

* 'or correspondence,
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gives the numbering of atoms in the piperidine rins
and the equivalent bond lengths and torsion angles
represented. as p, ¢ and r while equivalent bond angleg
are pumbered as 1, 2, 3 and 4 for cenvenience in further
discussion.

ANALYSIS OF THE DATA AND DIsCcuUssiON

The R-factor reported for each structure is a measure
of its accuracy and in general all the structures have
reasonable sccuracy except the structures 21 (with
two molecules in the asymmetric unit) which has a
relatively large R-factor (17%) and hence discussicn
on this structure may not be as reliable as the other
structures. There are three structures in group 1
(having two hydrogens at N). They are piperidine-2-
carboxylic z¢id 4H,0(1), p.peridine-3-carboxylic ceid (2)
and piperidine HCl (3). Bond lengths, kond angles
ond torsion angles* show that structure 3 has marked
differences compared to the other two. The reason
for this difference is not clear, Hence structures |1
and 2 are individually classified (for further discussion)
as group I, and structure 3 as I,. The weighted mein
C—C bond length (r) of 1-55 (1) A and the weighted
mean C—C—C bond angle of 107-2(11)° and the
mean angles {3) and (4} cf group I, have signiticantly
different values compared to structures reperted in
if to 1V, The weighted mean torsion angle (4.} of
structure 3 of 64 (1)° is large and compares only with
the large value of 63 (3)° chserved for group ¥,

The weighted mean C—C bond fengthy of individual
structures are found to be, in generall loss than the
standard C—C single bond distance of 1-54 A, The
weighted mean value of 1-523 (18) A of all the struc.

« Tubles of bond fengths, bond angles and fosion
anples of all the 21 strugtiies dre avdilible with the
guthors. Those in peed of i may plodse witle,
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TABLE 1
List of piperidine structipes
Code Group Compound Name Space Group R-factor Reference
No.
1. I, Piperidine-2-catborylic acid 4H,0 P2, /c 7-9% 5
2. Piperidine-3-carboxylic acid Pna2,; 338/ 5
3, I, Piperidine hydrochloride Pbcm 9-4% ‘'
4. II {~) [{(~)-1-Methyl.3-cthyl-3-benzoyipiperidine
R : R-(+}-bitartarate] P2y 4-1% 3
5. 1-(1-Phenyl-cyclohexyl) piperidine hydrochloride P2;/c 11-08; 9
6. B-DL-1,3-Dimethyl-4-phenylproptonoxypiperidine
hydrochloride P2, /c 9- 0%, 10
7. (4)-1-Benzyl-4(2,6,-dioxo-3-phenyl-3-piperidyl)
piperidine hydrobromide hemihydrate Pl 4+ 6%, 11
8, {+)-{(—)-1-methyl-3-benzolypiperidine R : R-(+)-
hitararate] monohydrate P2.2:2; 408, 12
9, (+)-(1-methyl-3-benzoyl-3-bromoeacetoxypiperidine)
hydrobromide P2:2:2,; 5.0 13
10. 1,2-Dimethyl-4-hydroxy-4-phenylpiperidine hydro-
chloride C2/c 6+ 4%, 14
il. le, 2a, 6e-Trimethyl-4e-phenyl4a-acetoxypiperidine
hydrobromide P2,/c 5:6% 15
12, DL-a-1 : 3-dimethyl-4-phenyl-4-propionoxypiperiding
hydrochioride P2,/¢c 15-0% 16
13, DL-1,3-dimethyl-4-phenyl-4-propionoxypiperiding
hydrobromide Poea 10-0% 17
14, I {4 )-(1,3-dimethyl-3-benzoylpiperidine methiodide) P2, 7197 18
15. (—)-[1-Methyl-3-methoxy-3-benzoylpiperidine
meihiodide] chloroform P2, 5-5% 19
16. 1V 1-Benzyl-4-{2,6-diox0-3-phenyl-d-piperidyl) pipendine C2 5-QY%, 20
17. (£)-7-1,2,5-trimethyl-4-phenylpiperidin-4-ol P2, /c 4-8% 21
18. (+£)-5-1,2,5-trimethyl-4-phenyipiperidin-4-0] P2 /n 5-48/ 22
19, (4)-a-1,2a-5e-trimethyl-4e-phenylpiperidin-4a-ol P2:/c 499, 23
20, 4-(p-chlorophenyl)-4-hydroxy-N,N, y-trimethyl-a;, a-
diphenyl-1-piperidinebutyramide P2, /c 9:0%, 24
21. V N-tripr{}pylacefy[piperidine Phca 17-0% 25

tures (excluding 3 and 21 for obvious reasons) compares
well with the value of 1-533 A of Baitell and Kohi?
observed for n alksnes. Also, the weighted mean
C—C—C bond angle of 111-0(23)° is slightly less
than the theoretically expected value of 111-5° of the
cyclohexane chair conformation®?.. The weighted mean

C—C bond length and the mean C—C—C bond angle
compare well with the values of 1-520 A for bond
length and 111:05° for bond angle observed in the
electron diffraction study of gaseous cyclohexane®s,
However, this is found to be larger than the tetra-
hedral angle of 109° 28’, The weighted mean C—N-—C
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yond angle of 111-0(14)° is also found to be larger
than tetrahedral. Torson angles of the structures
show that all the structures exist in the encrgeteally
Favoured chair conformation. The weghted mean ¢,
value of the structures of 56 (3)° shows that, in goeneral,
the value is greater than + 54:7° of cyclohexane®
and we may conclude that piperidine, in gencral, I8
meore puckered than cyclobexane,

Comparison among individual groups 13 possible
with the aid of the weighted meaan vatues of eguivelent
bond Iengihs, bond angles end tos’on ongles which
are given in Table . The C—N bond leaghs for
groups 1 to II, in which N exists in the quarternary
state. have ascending values showmg that the C—N
bond Jengih increases with bulkicr substituents at N
(Table Ila), tlowewer, for group IV in which N enists
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TABLE 1 sfructutres (T’&.blﬂ I[lf.} 1f s f{}-'l.lﬁd that in Struciure IE

Diposition of the uitrogen alom all the values are lerge with 2 maximum of 68 (1)°

~ A — e for (p) and a minimuma of 59 (1)° for (g). Table Illc

| shows that for all the groups (except group II) the

Whether Aium'&qua- . weighted mean torsion angle {p) is found i;{} b; the

'}“1:‘5‘{3‘-'“ torielly  Atom axially  q5-0a51 compared to the mean tors’un angles {4) and {r).

Group exists i {he bonded bm}dcd 10 Although the standard devietions of mesn values ore
quarternary  fo mitrogen  nirogen fairly Jorge for some of the groups, it is possible (o

state make the observations that in general the piperidine

N ring is more puckered at the N atom end of the ring.

The var.aton is mare pronounced when N is in an

¥ Yes H H uncharged state as in group 1V wiih the substituent 5t N
I Yes C H in the equatornial posiion. The oversll weighted mean
(methyl, aromatic, torsion angle in group V, the only structure with the

efs.) substituent at N in the axial position, is 63 (3)° and

i Yes C C this ia much larger i':h&n the ather groups (except L)
(II'IEthFD (meth}fl) and it ShO"'djr""S- a maximum gf 67 (3)'3 for {p) with (f}‘)

v No C Nil ant:i {r) having the same value of 61 (3)°, The overali
(methyl, methy- weighted mean torson angle fcr the structures 1 ajl

Yere ,etc) the groups is found to be larger than the theoretical
» value of 54:-7° of the cyclohexane chair conforma-
Y Ne Nil ¢ tion®? and from this, one may coanclude that the piperi-

(carbonyl}

Fi1G, 2. The piperiding ring with the equivalant
bond lengths and angles indicafed,

in ihe unionised state the C—N value 15 found to be
significantly smaller. Table illa shows that the C—C
bonds which are close to N ¢(hond gq) have weighted
mean values which are systematically less, for all the
groups (except group UL where they are found 10 have
equal values), compared to the faythest C—C bonds
(bond 7)., The weighted {C—N—C) values of indi-
vidual groups (Table IITh) are larger than tetrahedral
with structure 3 (e, 1) having the largest sngle of
1166 (9)°. The geometr cally opposite C—C—C angle
of N (ie., angle 2} bas values, in general, akove and
below the tetrahedrsl value with a8 mivmum of 107 (3)°
for group V 2nd a maximum of 112-1 (11)° fori,. Albso,
the weghted mean C—C—N bond angle ((3))
shows larger variations from the tetrehedral value
with 2 minimum of 104 (2)° fecr V and 111 Q)° for
groups II and IlI., Comparing torsion angles for the

dine ring is in general more puckered than the c¢yclo-
hexane chair conformation,

As already meniioned, it is observed that all the struc-
tures reported exist iu the chair form, Itis also observed
that whenever N has a bulky susbstituent as in group
I structures, the substitment favours the equatorial
position with the hydrogen axial to the piperidine ring
system. When N is uncharged, the only substituent
at N predominantly exists in the eguatorial position as
is observed for all the structures in group IV with the
only exception of one structure in group V. Inr group
V which has an axial substituenf, the piperidine ring
appears to be more puckered than when there 1s an
equatorial substituent as in group IV. Apart from
substituents at N, bulky substitutions like the phenyl
group, the methyl group, €tc., are seen in quite a few of
the piperidine structures reported (see Fig, 1) attached
to other positions of the piperidine ring. It is seen
that in  such cases the bulkier susbstituonis genevally
favour the equatorial position, which is energetically
more favoured than the axial position, s 15 generally
ohserved in cyclohexane strustures. Even though
none of the structures reported has only one hydrogen
attached to N, as in the case of pure p'per.dine (where
there is a controversy as to whethes the energetically
favourable position of H is axial or equatorial), our
observations seem io indicate {pased on ihe piepon-
de-ance of equatorial substituents cbserved for piperidine
siructures in the uncharged state) thag the preference
may be more for the equatorial position of H (than
the axial) with {he dne pair existing in the axial
position which is probably the energetically favoured
conformation of piperiding. Comparing the Structures
with cyclohexane we see that the piperidine ring 1s,
in general, more puckered than {he cyclohexane ring.
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TABLE 1lla
Weighted
Average Group~ I | I II I v V
Bond lengths
(p) or (C-N) 1-493 (3) 1-48 (1) 1-50 (4) 1-50 (3) 1-466 (4) 1-49 (4)
(2) 1:519(4) 1-53 (1) 1-53(6) 1-52(3) 1524 (4) 1-56 (5)
{r} 1.527 (4) 1-57(1) 153 (4) 1-55(2) 1-536 (4) 1-59 (5)
(C-C) 1-523 (4) 1-55(1) 1:53(5) 1-53(2) 1-529(4) 1:56 (5)
TasLE 1IIb
Weighted
Average Group— I, I, II I v \%
Bond angle
(1) or (C-N-C) 112-2(2) 116-6 (9) 11-5(10) 111 (2) 113:0(2) 115(2)
(2> 110-7(3) 112-1€11) 110 () 109 (2) 108-4(2) 107 (3)
(3) or (C-C-N) 110-3(3) 1050 (10) 111 (2) 111 (2) 110-6 (2) 104 (2)
(4) 110:4(3) 105-0 (10) 112 (3) 112 (2) 112:6 (2) 109 (2)
{C-C-C; 116: 5 (3) 107 2.(11) 111 @) 111 (2) 111-1(2) 109 (2)
TABLE 1flc
Weighted
Average Group— I | B I I 1Y A/
Torsion angle
(p) 57-8(3) 63 (1) 57 (1) 59 (2) 60-6 (3) 67 (3)
{q) 56-3(3) 59 (1) S6(1) 57 (2) 57-3(3) 61 (3)
{r 56-4 (3) 63 (1) 54 (3) 54 (2) 52:1(3) 61 (3)
Weighted mean
Torsion angle
{¢.) 567 (3) 64 (1) 55 (3) 57 (2) 56-8 (3) 63(3)
Es’om + The weight usgd for the averages 1s 1/¢2 whehre o is the standard deviation of each parameter, TrTe: r.m,s,

value of the standard deviation is given in parenthcses.

The puckering in piperidine is found in gerneral {o be
more pronounced near the N atom of the ring.
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MAGNETIC AND SPECTRAL STUDIES OF COPPER(i1) COMPLEXES WITH SCHIFF
BASES DERIVED FROM o-AMINO-BENZOYL HYDRAZIDE
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INTRODUCTION

"TYHE transition metal complexes with hydrazones

have bez=n investigated Curing the past few years?,
However, there 1s not much work on the complexes
of ftransition metals with bis{salicylidene)-¢-amino-
benzoylhvdrazones®, In this communication we wish
to report 1the synthesis and spectral properties of a
few copper(ll) complexes with the Schiff bases derived
from o-aminobenzoythydrazide, Following aldehydes
were used for the preparation of hydrazones,

1. Salicylaldehyde, 2. 5-Methyl salicylaldehyde,
3. 2-Hydroxynaphthaldechyde and 4. Acetylscetone,

EXPFRIMENTAL

Methy! anthranilate and hydrazine hydrate wused
were of reagent grade. Substituled aldehydes were
prenared by Duff’s method?, o-Amino-benzoylhydra-
zide was prepared by the standard method?, The
resp=ctive hydrazones were prepared follow.ng known
methods®,

Copper acetate and hydrazones in 1 :1 molar ratio
were refluxed in ethanol medium for about five hours,
The separated copper complexes were filtered, washed
with ethanol and soxhleted using ethanol. They
were then dried in vacuum over fused calcium chloridg,

The metal and n'trogen content in these complexes,
were analysed and are tndicated in Table I.

Tasre T

Elemental analysi-, magnetic data -1 electronic
spectra of copp2-(1{) complexes wiri ltydrazones of
salicyli.lene methyl anthranilate;

S, Empiricr] foomula € A Hofr Agax
No. ofcomplexes Cu N (BM) (um)
1. (C31H15N303) Cu 1491 10"07 1-81 650
(15-10) (9-99) 350
2. (Cy2H,;,N;0,) Cu 14-00 9.52 1-80) 630
(14-16) (2-36) 375
3, (CpqHyN.OCu 12-31 7-82 1-89 675
(12-11) (8-01) 412
4, (C.HyN,0)Cu  16:55 11-00 1-99 660
(16-78) (11-09) 380

Note © (i) The values in the parenthesis are the
calculated wvalues,
(ii) Electronic spectra of the complexes arg
taken in Nujol Mull,



