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Author's Preface to Volume V
The purpose of this volume is to help reduce the time spent on
literature searches by providing a list of all known X-ray structure
determinations of molecules and ions containing heterocyclic rings to
1970. The different rings are arranged in a standard, logical order so that
to some extent the volume is self-indexed. Each entry consists of the
name of the species used by the authors of the structural paper,
the reference, a structural formula, and a list of the values of the more
important lengths and angles in the heterocyclic part of the species.
The list is intended to be exhaustive, rather than critical, and users are
strongly urged to consult the original references in order to obtain an
assessment of the accuracy of the quoted figures.
I would like to thank Dr. and Mrs. D. G. Watson for assistance
in obtaining access to some of the more obscure references and Mrs.
Christine Jenvey for undertaking the task of recording the values of
the lengths and angles.
P. J. WHEATLEY
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Preface to Volumes III, IV, and V
Since the publication in 1963 of the first two volumes of this treatise,
the application of physical methods to organic chemistry, and in
particular to heterocyclic chemistry, has proceeded apace. The importance of physical methods to structure determination and to the understanding of inter- and intramolecular interactions has increased no
less than the flood of new work. Heterocyclic chemists are thus faced
with the necessity of having more to comprehend for the efficient
execution of their own work.
The favorable reception given to Volumes I and I I encouraged
us to update the work. All the chapters comprising the first two
volumes have (with two exceptions) been amended. In addition,
six new chapters are included covering methods which have achieved
importance since 1963.
Volume I I I includes the chapters on ionization constants (A. Albert)
and on ultraviolet spectra (W. L. F . Armarego), topics included in
Volumes I and I I , respectively. Volume I I I also covers the following
new topics: gas electron diffraction (P. Andersen and O. Hassel),
Raman spectroscopy (G. J . Thomas, Jr.), mass spectrometry (G.
Spiteller), gas-liquid chromatography (Ya. L. Gol'dfarb et al.), and
optical rotatory dispersion, circular dichroism, and magnetic dichroism
(R. B. Homer).
Volume IV includes chapters on electric dipole moments (J. Kraft
and S. Walker) and heteroaromatic reactivity (J. H. Ridd), which
originally appeared in Volume I, and chapters on nuclear quadrupole
resonance (E. A. C. Lücken), nuclear magnetic resonance (R. F . M.
White and H. Williams), and infrared spectra (A. R. Katritzky and
P . J . Taylor), which originally formed part of Volume I I . Volume IV
also includes one new topic: dielectric absorption (S. Walker).
Volume V is devoted to a single topic: bond lengths and angles from
X-ray crystallography. This topic occupied a mere sixteen pages in
Volume I ; it is a measure of the immense advance that has been made in
the subject that a tabulation of available molecular parameters for
heterocycles fills a whole volume.
Volume VI, which is now in preparation, will consist of chapters on
microwave spectroscopy, photoelectron spectroscopy, bond energies,
and electron-spin resonance. Volume VI will also include comprehensive
subject and author indexes to the whole treatise.
A work of this magnitude must of necessity contain many gaps and
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omissions. I t is hoped, nevertheless, t h a t the collection of the
literature references will be of considerable assistance in
physical constants and other data.
I would like to thank the authors and Academic Press
help and cooperation throughout the preparation of these
A. R.
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scattered
locating
for their
volumes.

KATRITZKY

Preface to Volumes I and II
Physical methods are perhaps the most important of all the influences which have contributed to the fundamental changes of the
last fifty years in the theory and practice of organic chemistry. Effective
chemical research can now hardly be carried out without the aid of a
variety of physical measurements.
In the advance of physical techniques into organic chemistry,
two main streams may be identified: physical chemists have commenced
with the study of the simplest molecules and, using methods as rigorous
as practicable, have proceeded stage by stage to structures of increasing
complexity. Organic chemists have, by contrast, frequently made
correlations of the (usually complex) structures with which they
work; such correlations being, at least at first, purely empirical.
Both streams are of vital importance to the overall development—they
complement each other, and chemists of each type need to be aware
of the work in both streams.
The systematic application of physical methods to heterocyclic
chemistry has been slower than t h a t to the other two traditional
divisions of organic chemistry. This is probably because the molecular
complexity of the heterocyclic field has hindered the advance into it
by the physical chemist. A result is t h a t most reviews and expositions
of a physical method, or of a group of physical methods, deal but
cursorily with its application to compounds of the heterocyclic class.
The present two volumes seek to fill this gap—each chapter gives but
a brief outline of the general theoretical and experimental aspects
of the subject, and then gets down to surveying the literature in which
the method has been applied to heterocyclic problems. This literature
is often voluminous and is nearly always scattered. I t is hoped t h a t the
present collection of reviews will save individual research workers much
time and effort in literature searching.
As Editor, I have been fortunate in being able to enlist an international team of authors who are among the leaders in their respective
fields, and my thanks go to each of them for their cooperation. We have
tried to cover the literature to the beginning of 1962.
A. R. KATRITZKY
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Heterocyclic

Introduction

Since the first appearance of this book in 1963, there has been a
dramatic increase in the use of X-ray diffraction for the study of the
geometry of molecules of all types. There are three relatively recent
developments t h a t have a particular bearing on the nature and the
quality of the results obtained. First, as a result of the steadily increasing availability of large electronic computers, almost all structures
published nowadays are the result of three-dimensional analysis, with
a consequent increase both in the size of molecule t h a t can be investigated in detail and in the accuracy of the molecular parameters obtained. Second, the expanding use of automatic methods of data
collection has eliminated some of the drudgery associated with visual
methods of intensity estimation: the increase in accuracy, however, is
perhaps not all that was once hoped for or expected, and visual methods
can, under certain circumstances, still compare quite favorably with
the more sophisticated counter techniques. 1 Third, the use of direct
methods of phase determination both for centric and noncentric space
groups can eliminate the need for the presence of a heavy atom or
atoms in the molecule: Since the scattering is no longer dominated by
one or two heavy atoms, the accuracy with which the lighter atoms can
be located is increased. 2
The day may be drawing nearer when an X-ray structure determination can be carried out with the same facility with which an
1. K. M. Rose and J. W. Jeffery, Ada Crystallogr. 17, 21 (1964).
2. H. Hauptman and J. Karle, " Solution of the Phase Problem. I. The Centrosymmetric
Crystal," A.C.A. Monogr. No. 3, 1954: J. Karle and H. Hauptman, Ada Crystallogr.
9, 635 (1956).
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infrared or nuclear magnetic resonance spectrum can be obtained and
interpreted, but it has not yet dawned. Meanwhile an X-ray analysis
remains within the province of a trained crystallographer, and it is not
the intention of this chapter to discuss in detail the various hurdles t h a t
must be overcome in the course of such an analysis. Rather the emphasis
will be on the results t h a t have been obtained, and particularly on the
limitations of these results.
I. Accuracy
There can be no question that, in general, the accuracy with which
bond lengths and angles can be determined by X-ray diffraction compares rather unfavorably with t h a t attainable by other methods of
structure determination. On the other hand, of course, the great power
of X-ray diffraction is t h a t there is no theoretical limit to the size of
molecule that can be investigated, provided the substance can be
obtained in the form of a single crystal. All other methods (with the
exception of neutron diffraction, which has its own built-in limitation
in the form of the lack of suitable neutron sources) quickly become
useless for the study of molecular geometry if the symmetry of an
assemblage of atoms falls or if the number of atoms in the molecule
rises into double figures.
There are three main reasons for the lack of accuracy in bond
lengths and angles determined by X-ray diffraction. First, the measurement of intensities, particularly when they cover a range of 250,000 to
1, which is frequently the case in an X-ray study, is a difficult operation
either by photographic or by counter methods; the problem can be
overcome to a certain extent by careful design and operation of the
equipment, but often a crystallographer is not fully aware of the errors
in his intensities until after the completion of the structure analysis,
and all too frequently he is then content to settle for a less accurate
analysis, rather than go back to the beginning and start all over again.
Second, although, with care, the precision of an intensity measurement
can be made very high, the accuracy may be low by virtue of the
operation of various physical factors, such as absorption or extinction.
In other words, a crystallographer may get very good agreement
between repetitive measurements of the same diffracted intensity, yet
the value may still be wrong. In principle these physical factors can
often be avoided, or a correction made for them, but in practice it is
difficult to eliminate such systematic errors entirely. The third and
perhaps the most important limit to the accuracy is entirely different
2
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in nature. I t is due to the thermal motion of the molecules in the
crystal. 3 The effect of this motion is almost invariably to make bond
lengths appear to be smaller, often by 0.02-0.05 Â, than they actually
are, though the effect on angles is usually considerably less. Again for
certain simple or highly symmetrical molecules, it is possible to make
the appropriate corrections to the derived molecular parameters,
provided the nature and the extent of the thermal motion is known. 4
The difficulty here is that any systematic errors can affect the values of
the thermal parameters which are obtained in the course of the X-ray
analysis, so t h a t the applied corrections may be imperfect. Moreover,
in order to make the corrections feasible, it is necessary to assume t h a t
the thermal motion follows a certain pattern, and it is not always easy
to demonstrate that this assumption is valid.
In sum, therefore, it is probably true to say t h a t a crystallographer
is well aware of what should be done in order to obtain a highly accurate
determination of molecular geometry. He should exercise great care
in the choice and preparation of his crystal sample, he should make
extensive tests of the linearity of his films or counting circuits, he
should operate at temperatures at least as low as t h a t of liquid nitrogen, and he should make any necessary remaining corrections to the
intensities or to the derived molecular parameters. I n fact, for one
reason or another (and usually the reasons are good reasons) almost
every single structure analysis falls considerably short of these ideals.
As a consequence, it is unwise to trust any bond length determined by
X-ray diffraction to better than 0.01 Â, and most of them are considerably worse.
Before leaving the question of accuracy two other topics are worth
mentioning. X-Rays are scattered by extranuclear electrons. The
more electrons an atom possesses the more will it dominate the scattering and the more accurately will t h a t atom be located, but only at the
expense of the lighter atoms. Thus, if we compare antimony pentaphenyl with phosphorus pentaphenyl, the antimony atom (A.N. = 51)
will be more accurately located, all other things being equal, than the
phosphorus atom (A.N. = 15), but the carbon atoms will be more
accurately located in phosphorus pentaphenyl than in antimony
pentaphenyl. I t is difficult, but by no means impossible, to locate
hydrogen at all, and an X-ray determination of a bond length involving
hydrogen has very little significance. This is partly because of the
3. D. W. J . Cruickshank, Ada Crystallogr. 9, 757 (1956).
4. L. N . Becka and D. W. J . Cruickshank, Proc. Roy. Soc, Ser.9 A 273, 435 (1963).

3

INTRODUCTION
errors involved, but also because a bond length determined by X-rays
is not necessarily the same thing as an internuclear distance. This latter
point will be taken up again later.
The second problem concerns the assessment of the accuracy of a
bond length. Most X-ray structures are refined nowadays by the method
of least squares. This method is applicable because there are far more
observed intensities than there are parameters to be determined. I t is
essentially a statistical method, and the errors can only be expressed as
a probability. I t is customary for a crystallographer to express, say,
the length of a carbon-carbon bond in a phenyl group in the form
1.385(12) A. This means that his determination of the length of the
bond gives a value of 1.385 Â, but that this value has a standard
deviation of 0.012 Â. The standard deviation is obtained quite rigorously
in the course of the mathematical computations, but it depends on the
assumption that all errors are random, which almost invariably is not
the case. Generally, therefore, the quoted standard deviations tend to be
on the low side. For an interpretation of the meaning of the standard
deviation a simple rule is often adequate: If the derived bond length
differs by more than three times the standard deviation from the
expected value, then the odds that the difference is real are more than
1000 to 1. I t is convenient to accept such odds as a certainty, but one
cannot, of course, ever be sure. Thus, in our example, the length
obtained, 1.385 Â, is not significantly different from the value expected
in a phenyl group (1.394 Â), but is significantly longer than the length
of a carbon-carbon double bond (1.335 Â) and significantly shorter
than a carbon-carbon single bond (1.537 Â). 5
II. Results of X-ray Structure Determinations
To anyone but a crystallographer, the only significance of an X-ray
structure determination is the magnitude of certain structural parameters obtained. A heterocyclic chemist, for instance, is not concerned
with the size and shape of the crystal used, the method of intensity
estimation employed, and so on, but merely with features of the final
structure, usually bond lengths and angles, and, if possible, an indication of the reliability of this information. As indicated in the previous
section, it is usually necessary to appeal to a crystallographer to obtain
a quantitative assessment of the accuracy. A non-crystallographer can
sometimes find an answer to some of his questions from an intensive
literature search, but this can be a formidable task nowadays, and more
5. "Interatomic Distances Supplement," Chem. Soc. Spec. Publ., 18 (1965).
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often he will confront a crystallographer with his queries, and these
questions will be of varying degrees of complexity. For example:
Q.I. Has the structure of s-tetrazine been investigated?
A.l. Yes, but not the structures of the other tetrazines.
Q.2. Have the structures of the diazines been done?
A.2. The structures of pyrazine and pyrimidine are known, but not
t h a t of pyridazine.
Q.3. Have the structures of any molecules containing an oxaziridine
ring been studied?
A.3. Yes, two substituted oxaziridines have been investigated, but the
structure of the parent molecule is unknown.
This sort of question can readily be answered by anyone who has
kept a set of records of X-ray structure determinations. The only
book that provides the requisite information is "Structure R e p o r t s "
published for the International Union of Crystallography by N.V.A.
Oosthoek's Uitgevers Mij, Utrecht, but unfortunately the most recently
published volume covers the year 1961, so t h a t the series is lagging
several years behind current work. A more promising compilation is
kept up to date by Dr. O. Kennard and Dr. D. G. Watson at the Crystallographic Data Centre, Department of Chemistry, Cambridge. They
are prepared to answer queries and undertake searches, and there is a
high probability that their information will appear in print within a
short time.
The next stage in the degree of complexity of the questions asked
by non-crystallographers is not so easy to answer, however.
Q.4. What are the bond lengths in s-tetrazine?
A.4. What do you mean by a bond length, and what do you want them
for?
Every method used for obtaining bond lengths determines a different
quantity. In particular, X-ray diffraction determines the distance
between two time-averaged electron density maxima, which need not
necessarily coincide with the internuclear distance. The two values
are probably very similar in a molecule like boron trichloride, but the
carbon-hydrogen distance in benzene obtained by X-rays is much
shorter than t h a t obtained by electron diffraction or rotational Raman
spectroscopy. Whether or not the difference matters depends on what
5
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is to be done with the bond lengths once they are known. Since it is
not possible to give a precise answer even to this elementary question,
it is even less possible to answer questions such as:
Q.5. What is the effect of substitution on the bond lengths and angles
in a heterocyclic ring system ?
Q.6. What are the factors influencing the magnitudes of bond lengths
and angles in molecules ?
Gradually the various factors—bond orders, number of resonance
forms, electronegativity, degree of hybridization, interelectronic
repulsion, or the equivalent concepts in terms of which these factors
may be expressed—are becoming partially understood, but there are so
many unanswered questions, even in such simple species as the oxalate
ion or ^,ñ'-diphenyl, t h a t there are clearly other factors operative of
which we are unaware. I t would, therefore, be foolhardy, pointless,
and misleading to attempt a comprehensive rationalization of the
known results. Instead, the remainder of this article consists of an
attempt to answer the simpler questions by providing a list of all
known X-ray structure determinations of molecules and ions containing
heterocyclic rings, up to the end of 1969.
Each entry gives the primary reference and the name used in this
reference to describe the compound. In addition, a structural formula
is provided and a list of the more important lengths and angles in the
heterocyclic portion or portions of the molecule when these are provided
in the original paper. Users of this book are strongly urged to consult
the original reference whenever possible, not only to guard against
errors, but also because the original papers often contain useful information (other than lengths and angles) t h a t is not given in the present
work.
ÉÐ. Molecules Listed
In order to qualify for inclusion in the following list, a molecule
must possess at least one ring containing at least one carbon atom and at
least one atom from the following table:
B

—
Si
Ge

N
P
As
Sb

0
S
Se
Te

The sequence of entries follows t h a t of the Ring Index in that smaller
6
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rings are given preference over larger rings. 6 For rings of the same size
the one with the larger number of heteroatoms is given priority. For
rings of the same size with the same number of heteroatoms, the order
is determined alphabetically by the chemical symbols of the heteroatoms. Thus for heterocyclic molecules with single rings a typical
sequence would be
CN 2 , CNO, C 2 N, C 4 As, C 4 Se, C 4 N 2 , C 4 NO, C 4 S 2 , C4SSe
No attempt is made, except by name, to distinguish the position of the
heteroatoms in a ring. Thus all the diazines are listed under C 4 N 2 .
Within any single category the order of the references is chronological.
The same hierarchy applies to heterocyclic molecules containing
more than one ring fused together, so t h a t 3-4-6 systems appear before
3-5-5.
The following are not included in the list:
(1) Carboranes.
(2) Molecules in which the only rings present are those containing a
metal atom and/or homocyclic rings. Thus salicylaldiminato complexes
are omitted, whereas complexes of 8-hydroxyquinoline or terpyridyl
are included.
(3) Very large molecules such as proteins, enzymes, or vitamin B 1 2 .

6. A. M. Patterson, L. T. Capell, and D. F. Walker, "The Ring Index," Amer. Chem.
Soc, Washington, D.C., 1960.
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CNO

Ö

CNO

1. Jrans-2-Methyl-3-(4-bromo-2,6-dimethylphenyl)oxaziridine.
L. Brehm, K. G. Jensen, and B. Jerslev,
Chem. Scand. 20, 915 (1966).

Me
No dimensions given

Me

2. {RS Hrans-2-Methyl-3-(4-chloro-2,6-dimethylphenyl)oxaziridine.
B. Jerslev, Ada Crystallogr. 23, 645 (1967).

Me

Me
b = 1.440
c = 1.438
h = 1.508

Ada

^Me
be = 63.2
ch = 58.4
bh = 58.4
C2N

HQC b 1
CH 2
N—CH 2 —CH(OH)—CH(OH)—CH 2 —N
HaC/ba
a = 1.463
b 1 = 1.510
b 2 = 1.468
O

H2C

|\

N—C-

CH 2

ab 1 = 59.1
ab 2 = 58.9
b x b 2 = 58.9

3. meso- 1,4-Diaziridinyl-2,3butanediol.
E. S. Gould and R. A.
Pasternak, J. Amer. Chem.
Soc. 83, 2658 (1961).

4. N-p-Bromobenzoylaziridine.

ËË

Br

R. P. Shibaeva, L. O. Atovmyan, and R. G. Kestyanovskii, Dokl. Akad. NaukSSSR
175, 586 (1967).

H2C
No dimensions given
CH 2

b»V\

C1 3 C—CH(OH)—N

a
CH 2
= 60.4
= 59.8
= 59.9

D

a = 1.49
b 2 = 1.49
b 1 = 1.50

H2

V\ b
a

ab 2
ab 1
b^2

-BH 3
NH-

/b
aH 2=C 1.460
b = 1.450

5. a -Trichloromethy1 -N -methylolaziridine.
V. I. Adrianov, R. G. Kestyanovskii, R. P. Shibaeva,
and L. O. Atovmyan, Zh. Strukt. Khim. 8, 100 (1967).

6. Az
Aziridine borane.
H. Ringertz, Ada Chem. Scand. 23, 137 (1969).

ab = 59.8
bb = 60.4

8
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I
CH 2
a/ \b
H2C—g—NH

j

/
HN

N

R h

+

\

/

CH

a = 1.36
b = 1.58

CH 2

.

2

w
CH 2
(average values)

ab = 60
b b = 60
S

8. Triethylenethiophosphoramide.

p

E . Subramanian and J . Trotter, J. Chem. Soc,
P

N

H2C J ^
2
a\/b

7. irans-Diiodotetra(ethylenimine)rhodiurn(III) iodide.
R. Lussier, J . 0 . Edwards, and R. Eisenberg, Inorg. Chim. Acta 3, 468 (1969).

i\
HN

/
NH

H2C

CH 2
\
CH 2

T

I N—CH2
N
\ /

·

23

°

9

a = 1.48
b = 1.50

CH2-CH2CH2
ab = 60
(average values)
bb = 60

jjC

O

CH2

C2N

(1969)

A

·

C20
Q
N C

/

*

9. Tetracyanoethylene oxide.

Q^

®' Stucky, D. Matthews, and J . Swanson, Acta
Sect. A 25, S151 (1969).

—Q
\

a = 1.501
c = 1.424

Crystallogr.

ac = 58.1
cc = 63
C2S

O

O

10. cis-2-Butene episulphone.

S
R. Desiderato and R. L. Sass, Acta Crystallogr. 23,430 (1967).
d1 / \ d 2
HC——CH
Me
Me
a = 1.60
ad 1 = 61.6
ad 2 = 63.3
d 1 = 1.74
d 2 = 1.72
d*d2 = 55.4
Cl
I
^
Me — N +

b1
b2
j1
j2

=
=
=
=

\
N—Me

ci"/ \"C1
ci ci
1.19
b^2
1.34
b1]2
1.91
b2]1
1.85
]ø

4
CN 2 P
11. l,3-Dimethyl-2,2,2,2,4-pentachloro-l,3,2-diazaphosphetane.
M. L. Ziegler and J. Weiss, Angew. Chem., Int. Ed. Engl.
8, 455 (1969).

= 119.3
= 88.6
= 81.4
= 70.7
9
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I

C2N2
C2N2

12. Phenyl isocyanate dimer.
v>.

Ph—N

o .

DIUWII,

o .

KJIWIIV.

OUÜ.,

i/y/twy/t,

p.

AVOÎ

\ ß í ï í ) .

N—Ph

II

0
b = b = 1.49
2
4
b = b = 1.42
1

b ^ 2 = b 3 b 4 = 93
b 2 b 3 = b 4 b x = 87

3

Ph

b3

H C
XX2^

_*-A-/~ /
L·
g

ba
0 = c

H

e

/\

=
=
=
=

C2OP
14. 4,4-Bis(trifluoromethyl)-2,2,2-triphenyl-3-(triphenylphosphoranylidene)-l,2-oxaphosphetane.

1.57
1.39
1.76
2.01

G. Chioccola and J. J. Daly, J. Chem. Soc, A p. 568
(1968).

l·N/p h

=C^

Ph Ph
a
c
e
n

= 94
= 81
= 96
= 90

/CF3
^ -C-CF3

Ph—P

C. J. Fritchie and J. L. Wells, Chem. Com'
mun. p. 917 (1968).

\\ =
=/

1
—- N 1
bxb2
b = 1.38
2
b2b3
b = 1.54
b3g
b 3 = 1.47
gb 1
g = 1.40

Ï

13. a-l-(j9-Bromophenyl)phenylmethylene-3oxo-l,2-diazetidinium inner salt.

\ ^

p

1

acPh=
ae =
en =
en =

P h

rn

96.1
98.5
94.1
71.3

C2S2

0

//

Ph-C^

s
di/~\da
_
CH=C
C
d*\g/d3

d 1 = d 3 = 1.764
d 2 = d 4 = 1.766
,,

Ì è

ÌÈ- C
1

d
d2
d3
d4

=
=
=
=

/\
x

Cn

o

1.718
1.911
1.849
1.786

\
C—Ph

d ^ 2 = d 3 d 4 = 82.0
d 2 d 3 = dM 1 = 98.0

O
o
-Me
d»/ \ d a C—Me
_ °yV X?\
V,/
d^g/d»
dM 2
d2d3
d3d4
dM 1

15. 2,4-Bis(benzoylmethylene)-l,3-dithiacyclobutane.
T. R. Lynch, I. P. Mellor, S. C. Nyburg,
and P. Yates, Tetrahedron Lett. p. 373
(1967).

1Uf
N

=
=
=
=

Me

(average values)

16. 2-Methyl-2-acetyl-4-(a-methyl-a-acetylmethylene)-l,3-dithiacyclobutane.
J·. Amer.
A. Kapecki,
E.90,
Baldwin,
and I. C. Paul,
J
Chem. J.
Soc
5800 (1968).

83.4
92.1
83.4
101.2
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17. 2,2-Dichloro-l,3-dithiacyclobutan-4-one.

x

c
c=o
ci/ \ s /

B . Krebs and H . Beyer, Z. Naturforsch.

B 23, 741 (1968).

No dimensions given
18. 2,2,4,4-Tetrachloro-l,3-dithiacyclobutane.
B . Krebs and H . Beyer, Z. Anorg. Allg. Chem. 365, 199
(1969).
d 1 = d 3 = 1.801
d 2 = d 4 = 1.807
HgC
a1
Me—(

d ^ 2 = d 3 d 4 = 83.9
d 2 d 3 = d M 1 = 96.1

CH2
[Br-]

i—CH2Ph

b2

1

1

Me
a = 1.514
2
a = 1.555
b 1 = 1.397
b 2 = L.602

Me
a^2
a 2 b*
b^2
bV

1

=
=
=
=

89.6
92.1
92.0
86.1
19a. ( + )-l-m-Bromobenzoyl-4-methylazetidin-2one.
E . F . Paulus, D. Kobelt, and H . Jensen,
Angew. Chem., Int. Ed. Engl. 8, 990 (1969).

Br

ba

a
a2
b1
b2

=
=
:=
=

■'v

a

H2
1

o

1.52
1.58
1.48
1.40

Me3C
Ì

-( -¹

/|

20. iV-Methyl-^T-i-butyl-3-hydroxyazetidinium
methanesulphonate.

2

a
[MeS
H 2 C — ^ -CH
N
OH
aa = ab = bb
a = 1.528
b = 1.525
è

H a ( .j
aa
H a ( 1J
1

a
a2
b1
b2

=
=
=
=

V >?ÚÇ
P
ba
a*

C3N
19.
1
-Benzyl1,2,2-trimethylazetidinium
bromide.
19.
C. L. Moret and L. M. Trefonas, J. Heterocycl.
Chem. 5, 549 (1968).

f
(

1.539
1.528
1.519
1.507

s

coo-

a% 2
a2bx
b^2
b 2ax

=
=
=
=

90

E . L. McGandy, H . M. Berman, J . W. Burgner,
and R. L. VanEtten, J. Amer. Chem. Soc. 91,
6173 (1969).
(average values)

21. L-Azetidine-2-carboxylic acid.
H . M. Berman, E . L. McGandy, J . W. Burgner, and R.
L. VanEtten, J. Amer. Chem. Soc. 91, 6177 (1969).
88.0
90.5
89.5
90.5
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