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molecules. These nearest-neighbor interactions are between
non-symmetry related molecules forming parallel chains
along the a axis of the crystal. The distance O(7)-N(19) is
2:875 A and the distance O(17)-N(9"), where N(9") is related
to N(9) by a unit translation along the a axis, is 2:905 A.
Both of these distances are approximately equal to the sum
of the normally accepted van der Waals radii for nitrogen
and oxygen atoms.

This work was supported by a grant from the Robert A.
Welch Foundation of Houston, Texas. The computer cal-
culations were done at the Common Research Computer
Facility located in the Texas Medical Center and supported
by U.S.P.H. Grant FR-00254.
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Refinement and location of the hydrogen atoms in the nitroxide 2,2,6,6-tetramethyl-4-piperidinol-1-oxyl.
By LAWRENCE J. BERLINER*, Laboratory of Molecular Biophysics, Department of Zoology, Oxford University, Oxford,
England and Department of Chemistry, Stanford University, Stanford, California 94305, U.S.A.

(Received 7 November 1969)

The structure of 2,2,6,6-tetramethyl-4-piperidinol-1-oxyl as determined by Lajzérowicz-Bonneteau has been
refined using data from a four-circle diffractometer. While the original work yielded a structure with an R
value of 0-12 using isotropic least-squares refinement of the non-hydrogen atoms, the results of the current
study have yielded (1) the positions and isotropic thermal parameters for all of the hydrogen atoms, (2) the an-
isotropic thermal parameters of the non-hydrogen atoms, and (3) a refinement of the entire structure to an R
value of 0-055. The only major significant differences observed were (1) a large decrease in the C-N-C bond

angle, and (2) a moderate decrease in the

>N-0 ‘out of plane’ angle to a value more consistent with

expected configurations derived from anisotropic hyperfine interaction measurements.

Introduction

The structure of the nitroxide radical 2,2,6,6-tetramethyl-4-
piperidinol-1-oxyl was determined from photographic data
by Lajzérowicz-Bonneteau (1968) (hereafter referred to as
L-B, 1968).

OH
l
HiC /\, CH;
AKX
N
H;C' ) CHj

* Present address: Department of Chemistry, The Ohio
State University, Columbus, Ohio 43210, U.S.A.

The structure of this compound as reported here has been
determined using diffractometer methods. The interest in
this structure stems from its properties as a ‘spin label’ in
structure-function studies of biological molecules (Hamilton
& McConnell, 1968). In view of the unexpected value for the

C
“>N-O ‘out of plane’ angle of 21° as found by L-B (1968),

it was decided to carry out a full refinement of the structure.

Experimental

The compound was prepared by the method of Briére,
Lemaire & Rassat (1965), but was crystallized from hexane/
chloroform, yielding crystals of similar morphology to
other preparations (L-B, 1968).

Table 1. Summary of refinement procedure

The reported R values are determined using all reflections with no special treatment of weak reflections.

Parameters refined

X, ¥, Z, Biso non-hydrogen atoms
X, ¥, Z, Biso non-hydrogen atoms
X, y, z, By non-hydrogen atoms

As above, including hydrogen positions and Biso values

Number of
Initial R Final R cycles
0-12 (L-B, 1968)
0-244 0-150 4
0-150 0-0934 3
0-0934 0-0551* 3

* Omitting the very strong 001, 020 and 110 reflections, R=0-0471.
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X-ray data were collected on a Hilger & Watts four-
circle diffractometer using molybdenum radiation (Axe=
0-711 A). Cell dimensions were determined from diffractom-
eter measurements. The crystal density was measured by
flotation in carbon tetrachloride/chloroform. The crystallo-
graphic data are listed below:

2,2,6,6-Tetramethyl-4-piperidinol-1-oxyl, CoH1sNO2.

Table 2. Observed and calculated structure amplitudes ( x 30)
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Saidi il AN Fig.1. Schematic diagram of the molecule. Labeling of the
Toges es 1 oo e o 98 o atoms is consistent with those of L-B(1968). The maximum
1 11s 113 0 %2 . . . .

$H Nttt P 22 estimated standard deviations in bond lengths and bond

angles are 0-007 A and 0-5° respectively.

Fig.2. An ORTERP stereophotograph of the nitroxide molecule structure. Thermal motions are represented by 509/y probability

ellipsoids.
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® TEET The space group Cm has 4 asymmetric units in the unit
é LIz cell; however, in this special case, the crystallographic
T oo § <§ S § oo mirror plane m coincides with the molecular mirror plane
REESEESESES (through the O-C and N-O bonds); thus, there are only two
b molecules per unit cell.
The intensities of the 640 reflections measured were
—_ EG\‘S(’CEEQEB treated with a data processing program written for the
g e meeS KDF-9 computer by Mrs Eleanor Dodson of the Chemical
=T QU =& Crystallography Laboratory, Oxford. Absorption correc-
A = N = = - .
N g g g g g g g g tions were assumed to be sufficiently small to neglect.
3‘“
+
= aass Refinement of the structure
2 b N N N
I :’c_g I8R3 Starting with the coordinates and isotropic temperature fac-
+ X0o03888c0o tors of L-B (1968), the structure (without hydrogen atoms)
ii ®Rooco °| ? cco was refined first with isotropic thermal parameters, then
g anisotropic parameters to an R index
i 5 5288¢Ree (=2lIFl=IFll/ZIFl)
':-ﬁ < N N N N N N e .
DO 0 — =00\ 0 of 0-093. The least squares program used was written by Dr
n VR AN O o F - H
s FR3IYdzg9IIA G. A. Mair for the Elliott 803 computer at Oxford. I
V [=NeNoXoNe] SO
§ S'g LEESEEE3S utilizes the block-diagonal approximation and a weighting
§ < scheme defined by
3 +
S §p$e8cesas w= 111 +(F—byfa}
N S RTIIBLEER where a and b are constants selected to discriminate against
S 153 5888888 the very weak and very strong reflections (Rollett, 1961).
_;‘ o = ©cooocooo The values chosen were a=2 and b=3, on an absolute
S 3 scale. At this point, a difference Fourier synthesis revealed
I ¢ —~— ..
g L ~8as8ccles the positions of the hydrogen atoms. ) )
3 S8 cenneIlssS The next stage of the refinement was done with a modifica-
=S § 2539 I222qQ tion of the ORFLS program of Busing, Martin & Levy
§ ® = g g g g g g g g (1962) called SUFLS, written for the Stanford University
S B = IBM 360/67 computer. After 3 cycles of full-matrix refine-
o £ « ment on the entire structure, refining isotropically on the
g & < hydrogen atoms and anisotropically on the other atoms, a
y
§ E . S8 TSeeRT limiting R index of 0-055 was reached. The same weighting
I o8 STTTTooTeT scheme as above was used. The scattering factors for C, O,
H €] 23323 SRS and N were taken from International Tables for X-ray Crys-
] tallography (1962) and the values for H were taken from
E @ Stewart, Davidson & Simpson (1965). Table 1 summarizes
N § e PR P the refinement scheme. The observed structure amplitudes
o & - 2838 SRR NS and final calculated structure amplitudes are listed in
& 8Sgggessessronasassy
2T ooqaa383IRFT oIR8 IIAY
2 T79999999°%9°¢%° ST Description and discussion of the structure
2 .
@ The final atomic coordinates and thermal parameters are
{3 PN tabulated in Table 3. The numbering system for the atoms
E o I|/8] a 0 ;’;@ agy is shoyvn in Eig.l and an ORTEP (Johnson, .1965) stereo-
£ 00 — e I~ iy ridgnd graphic drawing of the molecule is shown in Fig. 2. In
“% oo § § &8 cooo % D S 5 all cases the labeling of atoms in consistent with that of
EN3333358333355028500 L-B (1968).
g The average differences from the values reported earlier
S s — (L-B, 1968) are of the order of 1-2% in bond lengths. It
~ oot VYo L 4 . N
£522008°et8IBEBERES [N X B hond eneih (1, 1968 1962 0.0% o Bl
(=) — . > . =V > "
S RRRLIRNYInLI8LIz=8S ing somewhat closer to the distances found in other ni-
SSSIR8RFASAI LRG3 troxides: di-t-butyl nitroxide, 1-28+0:03 A (Andersen &
P N N ARG G . == ) . U .
§eoeeeeeegoooos00sS Andersen, 1966), ‘%:2,5,5-tetramethy1—3-carboxyl-pyrro]me
-1-oxyl, 127 +0-01 A (Kruger & Boeyens, 1970), and caryo-
phyllene iodonitrosite, 1308 +0-021 A (Hawley, Ferguson
~ SRARecaa & Robertson, 1968).
Soaasa aé Sé é :‘,/ EI’, :}./ é é é The C(3)—N—.C(§') interatomic angle was found to bs
CUU00UZOIXII I IrrF T x 125-4+0-5°, a significant change from the value of 134+ 2
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Table 4. Bond lengths and bond angles involving hydrogen atoms

A few pertinent non-bonded distances related to the hydrogen bond are included and are denoted with . . .

O(1)—-—H(O01) 0-89+0-08 A
H(O11)- - - O(211) 1-99 +0-08
C(1) H(1) 0-96 + 0-06
C(2)——H(2-1) 0:92+0-05
C(2)——H(2-2) 1-02 +0-05
C(4)——H(4~1) 1-01 + 0-05
C(4)——H(4-2) 0-84 +0-05
C(4)———H(4-3) 0-92+0-05
C(5)———H(5-1) 0-95+0-06
C(5)——H(5-2) 0-92 +0-05
C(5)———H(5-3) 1-07 +0-06

reported by L-B (1968). This smaller angle might be ex-
pected for strained closed-ring systems such as this, and in
fact correlates well with the data on a related structure
(Hawley, Ferguson & Robertson, 1968).

Conclusive evidence was found for hydrogen bonding be-
tween the hydroxyl group proton of one molecule and the
oxygen atom on the nearest neighbor nitroxide group as
inferred by L-B (1968). The resultant H(O1:1)- - -O(2n)
distance of 1-991 A and O(11) - -O(2u) distance of 2-817 A
(see Table 4) fall well into the region of hydrogen bonding
contact distances (Pauling, 1960). The O(11)-H(O1)-O(21)
angle, however, appears to deviate from linearity by 27°
(see Table 4).

The other significant change observed is the decrease in

C
the >N-0(2) ‘out of plane’ angle from 21° (L-B, 1968) to
C

15-8 + 0-8°. This angle is defined as the acute angle between
the N-O(2) bond and the C(3)-N-C(3’) plane. The value of
the isotropic electron-nuclear hyperfine interaction (direct
spin coupling between the free electron and the nitrogen
nucleus) indicates that the odd electron orbital is of almost
pure p-character (Griffith, Cornell & McConnell, 1965).
This would suggest that the C(3)-N-C(3’) covalent bond
|

O

configuration around the nitrogen atom should be almost
planar in order that the odd electron 2pn orbital be ortho-
gonal to the other orbitals (Hamilton & McConnell, 1968).
An approximate calculation of the isotropic hyperfine
coupling constant as a function of the N-O ‘out of plane’
angle, as based on an approximation treatment of Atkins &
Symons (1967), indicates that the observed coupling con-
stant (~ 16 gauss) is more consistent with the smaller angle
of 15-8°.

The remarkable resistance to reduction or dimerization,
and the stability of the nitroxide group towards several
organic reagents, are accounted for, in part, by the steric
hindrance of the adjacent t-alkyl groups (Hofmann &
Henderson, 1961). Table 5 lists several intramolecular
distances between atoms on the flanking 2,2,6,6-methyl
groups and the N-O group. One must be aware of the fact,
however, that in analogous piperidines, the N-H group has
been modified with several primarily linear aliphatic groups
with no difficulties (Young, 1960). Since the environment
of the N-H group is very likely to be identical to that of the
N-O group in analogous compounds, it is the opinion of the
author that, in fact, the major contribution to the stability of
the nitroxide group is in the intrinsic stability of the N-O
three-electron bond (Linnett, 1961).

C(1)——0(1)-———H(01) 104:3+£5-0°
O(11) -———H(O11) - -O(211) 152-8+7-1
H(O11)- - -O211)——Nn 124:0+2-3
O(1)——C(1)———H(1) 107-7+2:5
H(2-1)—C(2)——H(2-2) 113:5+4-0
H(4-1)—C(4)——H(@4-2) 104-8 +4-6
H(4-1)—C(4)————H(4-3) 109-5+4-8
H(5-1)—C(5)——H(5-2) 108:1+4-6
H(5-1)—C(5)———H(5-3) 103:8 +4-6

Table 5. Nitrogen—methyl hydrogen non-bonded distances

H(4-1)-N 3-32+0-05 A
H(4-2)-N 2:61 +0-04
H(4-3)-N 2:75+0-05
H(5-1)-N 2:66 +0-05
H(5-2)-N 2:61 +0-05
H(5-3)-N 3414006
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Notes and News

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the Editorial
Board. The notes (in duplicate) should be sent to the Executive Secretary of the International Union of Crystallography
(J.N.King, 13 White Friars, Chester CH1 1NZ, England).

A Symposium on Crystal Structure
and Chemical Bonding

Twente, The Netherlands, 3-6 August 1971

The Netherlands National Committee for Crystallography
(F.O.M.R.E)) is arranging a symposium on Crystal Struc-
ture and Chemical Bonding from 3 to 6 August 1971 at the
Technological University, Twente, Enschede, The Nether-
lands. To topics to be covered will include structure anal-
ysis and molecular spectroscopy, intermolecular forces,
electron densities, the accuracy of results, the general
theory of bonding and interactions, and the comparison of
results of different methods. Registration will be accepted
until 1 February 1971, but the total number of participants
will have to be limited to 150.

Inquires should be addressed to the organizing secretary,
Dr A. Schuyff, Laboratory for Crystal Chemistry, Univer-
sity of Utrecht, Utrecht, The Netherlands.

ICSU Abstracting Board Publications

The 1969 issues of two annual publications detailing the
activities of those Scientific Unions (including the Interna-
tional Union of Crystallography) which are members of
the International Council of Scientific Unions (ICSU) and
the activities of the Committees and Commissions of ICSU

have been published recently by the ICSU Abstracting
Board and may be purchased from the ICSU AB Secretariat,
17 rue Mirabeau, Paris 16e, France. The title of one publi-
cation, Tentative List of Publications of ICSU Scientific
Unions, Special and Scientific Committees and Commissions
of ICSU, Year 1969, and Corrections and Additions to the
1968 List, is self- explanatory. The other publication,
entitled Survey of the Activities of the ICSU Scientific
Unions, Special and Scientific Committees and Commissions
of ICSU in the Field of Scientific Information during the
Year 1969, presents information under the following head-
ings: Name of union, commission, committee, or working
group; President/chairman (name and adress); Secretary
(name and adress); Members (names and countries); Date
of creation; Periodicity of meetings; and publication of
minutes of meetings. A general description is given of the
activities and a listing of 1969 publications. Particular
attention is given to those bodies dealing with the following
topics: notations, symbols, units, nomenclature, termin-
ology, standards, bibliographies, abstracts, review articles,
classification, and publication of data.

The purpose of the ICSU AB surveys is to make the
activities of the Scientific Unions and ICSU bcdies in the
field of scientific information more widely known in the
twentific community, and to strengthen cooperation be-
scieen those bodies working in similar fields.



