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STEVEN J. RETTIG, JAMES TROTTER, W. KLIEGEL, and D. NANNINGA. Can. J. Chem. 55, 1 (1977).

Crystals of difluoroboron N-methylacethydroxamate are monoclinic, a = 5.097(1), b =
10.653(2), ¢ = 11.520(2) A, B = 103.57(2)°, Z = 4, space group P2,/c. The structure was solved
by direct methods and was refined by full-matrix least squares procedures to a final R of 0.056
and R, of 0.077 for 988 reflections with I > 3o(l). The structure features a planar five-
membered BO,CN ring. Bond lengths (corrected for libration) are: B—F, 1.374(3) and
1.381(3), O—B, 1.496(3) and 1.497(3), O—N, 1.349(2), O—C, 1.346(2), C—N, 1.298(3) and
1.458(3), and C—C, 1.468(3) A.

STEVEN J. RETTIG, JAMES TROTTER, W. KLIEGEL et D. NANNINGA. Can. J. Chem. 55, 1 (1977).

Les cristaux du N-méthylacethydroxamate de difluorobore sont monocliniques, a = 5.097(1),
b = 10.653(2), ¢ = 11.520(2) A, B = 103.57(2)°, Z = 4, groupe d’espace P2,/c. On a résolu la
structure par des méthodes directes et on I’a affinée par la méthode des moindres carrés (matrice
compléte) jusqu’a une valeur de R de 0.056 et de R,, de 0.077 pour 988 réflexions avec I = 3o([).
La structure comprends un plan cycle BO,CN a cinq membres. Les longueurs de liasons
(corrigées pour la libration) sont: B—F, 1.374(3) et 1.381(3), O—B, 1.496(3) et 1.497(3), O—N,
1.349(2), 0—C, 1.346(2), C—N, 1.298(3) et 1.458(3), and C—C, 1.468(3) A.

Introduction R' R!

The formulae la-c, describing the different Cl é
tautomeric and mesomeric forms of an isolated R—N~ o R—N7 To-
molecule of hydroxamic acid with intramolecular NS N
chelate type hydrogen bonding, have been dis- o—H O—H
cussed for hydroxamic acid and its anions (1-10), la 16
and may be summarized in 1d, which features
chelation of the proton by a bidentate zwitterionic R’ R!
ligand. Replacement of the proton by a metal é (’;
cation should allow fixation of this structure R_*fi// ™o RN o_
which is otherwise difficult to establish due to the oet] .. H+

formation of both inter- and intramolecular
hydrogen bonds (4). 1c 1d
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Metal hydroxamates are well known (11-15),
but structural formulations are (as with hy-
droxamic acid or hydroxamate anions) still sub-
ject to some controversy (6, 15). Spectroscopic
data do not provide sufficient information for a
definitive formulation. Evidence for at least
partial C—N double bond and C—O single bond
character is mainly given by X-ray crystallo-
graphic studies of organotin (16-18), iron (19),
and zinc (20) complexes of hydroxamic acids and
a nickel thiohydroxamate (15, 21). Chelated
protons are also easily displaced by “pseudo-
metal” cations (22) X,B* which are well
established (23-27) as remarkable acceptors in
the formation of chelate complexes. The biden-
tate dianionic ligand in 14 should be well suited
for the synthesis of boron chelates and in fact
hydroxamic acids and their N-substituted deriva-
tives readily form X,B-chelates 2 (8, 9, 26, 28—
31).! The uv spectrum of the anion 3 suggests the
presence of C=N double bonding (8, 9) whereas
for a cyclic thiohydroxamate the thione form,
analogous to 2a, is favored but not unam-
‘biguously proven (30).
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W. Kliegel and D. Nanninga, unpublished results.

With the assumption that a betainic structure
4a represents the best formal description of the
chelates 2a-d, the study of complexes of N-
substituted? hydroxamic acids with electron-
accepting boron compounds seemed very useful.
One of the simplest molecules of this type is the
N-methylacethydroxamate of the extremely elec-
tron-deficient difluoroborenium ion (2 or 4,
R = R’ = Me, X = F). The ir spectrum of N-
methylacethydroxamic acid (1, R = R’ = Me)
(32) displays an absorption around 1625cm™!
which can be assigned to C=0 of the hydroxamic
or to C=N of the hydroximic form (33). In the
difluoroboron chelate 2 or 4a this band is shifted
to a higher frequency (about 1675 cm™~?) into the
region of C=N™* vibrations of iminium salts,
which is a general effect (34) associated with
quaternization of a C=N group. The iminium
structure 2b-d or 4a is also supported by the
'H-nmr spectrum, which shows a low field shift
of the N-methyl protons at 8 = 3.70 ppm which
can be compared with the values for N-methyl
protons in nitrones 6 (R = Me) of 3.70 ppm.
(0 (ppm) for N-methyl protons in N-methyl-
C-...-nitrones: (a) -tert-butyl-, 3.65;3 () -phenyl-,
3.86 (35); (c¢) -phenyl-, 3.83; -p-tolyl-, 3.80;
-methyl-C-phenyl-, 3.65; -methyl-C-p-tolyl-, 3.65
(36).)

l}l li{l
R4 CH +/C\
N o RN R
R\ / \
0-“B—X
X
5 6

Formally 4a can be derived by the elimination
of R—H from the boron-nitrogen betaine 5
(26, 37), the structure of which has been con-
firmed by X-ray analysis of the diphenylboron
derivative (38). Structure 5 may also be regarded
as a formal reduction derivative of 4a. Definitive
information on the boron-nitrogen betaine
character of 4a could be expected from an
analysis of bond distances. To this end an X-ray
crystallographic analysis of difluoroboron N-
methylacethydroxamate has been undertaken.

2In N-unsubstituted hydroxamates (R = H) the posi-
tion of the proton within the complex is unclear (21).
3W. Kliegel, unpublished results.



Can. J. Chem. Downloaded from www.nrcresearchpress.com by 210.87.254.40 on 09/05/12
For personal use only

RETTIG ET AL. 3

Experimental

2,2- Difluoro-4,5-dimethyl-1,3-dioxa-4-azonia-2-boranata-
cyclopent-4-ene

Boron trifluoride — diethyl ether complex (1.42g,
10 mmol) was added to a solution of 0.45 g (5 mmol) of
N-methylacethydroxamic acid (39) in 20 ml of anhydrous
diethyl ether. A white solid, which had precipitated during
30 min of refluxing, was filtered off after the solution had
been allowed to stand at room temperature for 10 h.
After recrystallization from ethyl acetate/diethyl ether or
chloroform/ethyl acetate 0.53 g (77%) of colourless
crystalline material, mp 91°C, was obtained. Anal.
caled. for C3H¢BF,NO,: C 26.32, H 442, B 7.90, N
10.23; found: C 26.31, H 4.25, B 7.53, N 10.26; ir (1/300
KBr) 1675 cm~! (C=N); 'H-nmr (60 MHz, CDCl;/TMS)
8 (ppm) 2.53 (s, 3, C—CH3), 3.70 (s, 3, N—CHa).

X-Ray Crystallographic Analysis

Crystals suitable for X-ray analysis were obtained by
recrystallization from chloroform/ethyl acetate. The
crystal chosen for study was mounted with a* parallel to
the goniostat axis and had dimensions of ca. 0.4 x 0.2 x
0.3 mm. Unit-cell and space group data were obtained
from film and diffractometer measurements. The unit-cell
parameters were refined by a least-squares treatment of
sin? 0 values for 18 reflections measured on a diffractom-
eter with Cu K, radiation. Crystal data are:
C3;H¢BF,NO, f.w. = 136.9
Monoclinic, a = 5.097(1), b = 10.653(2), ¢ = 11.520(2) A,
B = 103.57Q2)°, ¥V = 608.0(2) A3, Z = 4, p. = 1.4954(5)
g cm~3, F(000) = 280 (22 °C, Cu K,, L = 1.54178 A,
= 14.1 cm~!). Absent reflections: 0k0, k # 2n, and h0l,
[ # 2n define uniquely the space group P2,/c (C3,, No. 14).

Intensities were measured on a Datex-automated
General Electric XRD 6 diffractometer, with a scintilla-
tion counter, Cu K, (nickel filter and pulse height
analyser), and a 0-20 scan at 4° min~! over a range of
(1.80 + 0.86 tan 0) degrees in 20, with 10 s background

counts being measured at each end of the scan. Data were _

measured to 20 = 146° (minimum interplanar spacing
0.81 A). The intensity of the check reflection, measured
every 50 reflections throughout the data collection, re-
mained constant to with +4%,. Lorentz and polarization
corrections and check reflection scaling were applied, and
the structure amplitudes were derived. No absorption
correction was made in view of the low value of p. Of the
1223 independent reflections measured, 230 had intensi-
ties less than 3o(Z) above background where 6%(1) = S +
B + (0.06S5)% with S = scan count and B = time averaged
background count. These reflections were given zero
weight in the refinement but were included in the structure
factor calculations.

The structure was solved by direct methods. Eight sets
of signs for 168 reflections with |E|.> 1.50 were deter-
mined by a computer program which uses Sayre relation-
ships in an iterative procedure (40). One set of signs was
outstanding in that it converged in six cycles to a set
having the highest consistency index, 0.72, with 84
positive and 84 negative signs. The positions of the nine
nonhydrogen atoms were easily located among the 13
highest peaks on an E-map calculated from this set of
signs.

Two cycles of isotropic followed by two cycles of

anisotropic full-matrix least-squares refinement of the
nonhydrogen atoms gave R = 0.085. An electron density
difference map calculated at this point gave the coordi-
nates of the six hydrogen atoms which were included in
all subsequent cycles of refinement with isotropic thermal
parameters. The entire structure was refined for six cycles
giving a final R of 0.056 and R,, of 0.077 for 978 reflec-
tions with 7 > 3o(Z) (15 reflections which had |F,| —
|F.| > 30(F) were removed from the data set in the final
stages of refinement).

The least-squares refinement was based on the mini-
mization of Ew[|F,| — |F/(1 + gI)|]*> where g is the
extinction parameter and I the uncorrected intensity. The
final value of g was 4.1 x 1078, The scattering factors of
ref. 41 were used for the nonhydrogen atoms and those of
ref. 42 for the hydrogen atoms. Anomalous scattering
factors from ref. 43 were used for the nonhydrogen
atoms. The anisotropic thermal parameters employed in
the refinement are U;; in the expression:

f=fC%xp [—2r%(U, 1 h*a*? + U,,k?b*? + Uszlc*?
+ 2Uyhka*b* + 22U shla*c* + 2U,3klb*c*)]

where f© is the tabulated scattering factor and f is that
corrected for thermal motion. The weighting scheme:
w = 1/c%(F) where c2(F) is derived from the previously
defined o%(I) gave uniform average values of w(|F,| —
|F.|)? over ranges of |F,| and was employed in the final
stages of refinement.

Near the end of the refinement it became apparent that
there may be some ambiguity in the identification of the
ring carbon and nitrogen atoms. A parallel refinement
with C(1) and N interchanged was carried out. The ratios
of the final R and R,, values (for all 993 observed planes)
are 1.068 and 1.038 respectively. Hamilton’s test (44)
indicates that this ratio is significant at a confidence level
of >99.5%, indicating correct assignment of C(1) and N
and also that these atoms are most likely not disordered.
The behavior of the thermal parameters of C(1) and N
upon interchange of scattering factors further supports
this conclusion. The mean values of U;; (from the parallel
refinements mentioned above) for C(1) and N as shown in
Fig. 1 are 5.22 and 5.87 A2 and when interchanged are
4.75 and 6.56 A2 respectively. On the final cycle of
refinement the mean parameter shift was 0.05¢ and no
parameter shift was greater than 0.26c. The mean error
in an observation of unit weight was 1.913. The final
positional and thermal parameters appear in Tables 1 and
2 respectively. Measured and calculated structure factors
have been placed in the Depository of Unpublished
Data*

The ellipsoids of thermal motion for the nonhydrogen
atoms are shown in Fig. 1. The thermal motion has been
analysed in terms of the rigid-body modes of translation
(1), libration (L), and screw (S) motion (45) using the
computer program MGTLS. The rms standard error in
the temperature factors cU;; (derived from the least-
squares analysis) is 0.0011 A2, The rms AU;; value for the
entire molecule treated as a rigid-body is 0.0034 A2, This

4The structure factor table is available, at a nominal
charge, from the Depository of Unpublished Data, CISTI,
National Research Council of Canada, Ottawa, Canada
KI1A 0S2.
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FI1G. 1. A stereo view of the difluoroboron N-methylacethydroxamate molecule. 507 ellipsoids are
shown for the nonhydrogen atoms. Hydrogen atoms have been assigned artificially small temperature

factors for clarity.

TaBLE 1. Final positional parameters (fractional x 10%,
H x 103) with estimated standard deviations in parentheses

Atom X y z
F(1) 7884(3) 1697(2) 3069(1)
FQ2) _4611(3) 459(1) 3388(2)
o) 4472(3) 2613(2) 3849(1)
0Q2) 3467(3) 1980(1) 1882(1)
N 2056(4) 2997(2) 2056(1)
C(1) 2608(4) 3341(2) 3151(2)
C(2) 1410(7) 4346(3) 3718(3)
C@3) 129(6) 3521(3) 1043(3)-
B 5199(5) 1636(2) 3063(2)
H(2a) 269(14) 497(5) 390(5)
H(2b) 97(9) 402(4) 443(4)
HQ2c) —1(10) 471(4) 312(4)
H(a) —64(7) 426(4) 119(3)
H(3b) —87(7) 302(3) 79(3)
H@3¢) 74(9) 359(4) 32(4)

value indicates some independent motion of the atoms
but the derived rigid-body parameters are otherwise
physically reasonable.

The appropriate bond distances have been corrected
for libration (46, 47), using shape parameters g2 of 0.08
for all atoms involved. The bond distances not involving
hydrogen atoms were also corrected for independent
motion based on the AU;; (48, 49). Corrected bond
lengths appear in Table 3 along with the uncorrected
values.

Results and Discussion

Figure 1 shows a general view of the difluoro-
boron N-methylacethydroxamate molecule with
the crystallographic numbering scheme and
Fig. 2 shows the packing arrangement viewed

down a*. Bond angles are listed in Table 4 and
deviations of atoms from the least-squares mean
plane defined by the five-membered BO,CN ring
are given in Table 5. The corrected bond dis-
tances will be employed throughout the dis-
cussion.

The crystal structure (Fig. 2) consists of
discrete molecules of difluoroboron N-methyl-
acethydroxamate. The shortest nonbonded inter-
molecular distance’ not involving hydrogen
(F(1)...C() (1 + x,p,z) = 2.961(2) A) corre-
sponds to a normal van der Waals contact. In
view of recent comments on the importance of
weak hydrogen bonds (50), the geometry of three
such C—H. . .F interactions appears in Table 6.
These weak intermolecular C—H...F inter-
actions may be responsible for a close intra-
molecular contact between H(2c¢) and H(3a)
(2.22(6) A), both of which interact with the same
fluorine atom (see Table 6).

The five-membered BO,CN ring is essentially,
but not rigorously (x> = 10.7), planar with all
five ring atoms lying within +0.004 A of the
mean plane (see Table 5). The substituent atoms
C(2) and C(3) are both significantly displaced
from the mean plane of the BO,CN ring, by
—0.082(4) and —0.028(3) A respectively.

In contrast to the organotin (16-18) and iron
(19) hydroxamates in which the metal-oxygen
bond from C—O is significantly longer than that
from N—O, the O—B bonds in difluoroboron
N-methylacethydroxamate, 1.496(3) and 1.497(3)
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TaBLE 2. Final thermal parameters and their estimated standard deviations
(@) Anisotropic thermal parameters (U;; x 103 A2)

Atom Ull Uzz U33 U12 U13 U23
F(1) 51(1) 98(1) 110(1) 2(1) 24(1) 2(1)
F(2) 81(1) 69(1) 130(1) 5(1) 24(1) 28(1)
o) 71(1) 83(1) 55(1) 18(1) 9(1) 5(1)
0(2) 69(1) 66(1) 64(1) 9(1) 14(1) —6(1)

N N 58(1) 56(1) 60(1) o(1) 13(1) 2(1)

%' Cc() 51Q1) 53(1) 53(1) 1(1) 14(1) —1(1)

(= C(2) 95(2) 74(2) 77(2) 20(1) 25(1) —-9(1)

8 C(3) 81(2) 72(2) 67(1) 5(1) —2(1) 3(1)

8 B 48(1) 63(1) 75(1) 4(1) 16(1) 5(1)

g (b) Isotropic thermal parameters (U x 100)

§_ Atom U (A2 Atom U(A?)

N~

g H(2a) 15(2) H(3a) 9(1)

— HQ2b) 13(1) H(3b) 8(1)

‘:‘ H(2¢) 12(1) H@3¢) 12(1)

o

g TaBLE 3. Bond lengths (A) with estimated standard deviations in parentheses

% = (a) Nonhydrogen atoms

E_g Distance Distance

58

%; Bond Uncorr. Corr. Bond Uncorr. Corr.

5 § F(1)—B 1.369(3) 1.381 O(1)—C(1) 1.338(2) 1.346

=0 F(2—B 1.362(3) 1.374 C{1)—N 1.280(2) 1.298

: E— O(1)—B 1.482(3) 1.496 C(3)—N 1.450(3) 1.458
%E 0(2—B 1.484(3) 1.497 C(1)—C(2) 1.460(3) 1.468
O(2)—N 1.342(2) 1.349 )

g (b) Bonds involving hydrogen atoms

% Bond Distance » Bond Distance

= C(2)—H(2a) 0.92(6) CB3)—H(3a) 0.92(4)

= C(2)—H(2b) 0.97(5) C(3)—H(3b) 0.75(3)

8 C(2—H(2¢) 0.96(5) C(3)—H(3¢) 0.96(4)

g s 4

<

(@)

3 ° I

8

(@)

)

(O

2

1 J

Q

FiG. 2. The crystal structure viewed down a*.
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TaBLE 4. Bond angles (deg) with estimated standard deviations in parentheses

(a) Nonhydrogen atoms

Bonds Angle (deg) Bonds Angle (deg)
C(1)—0(1)—B 106.5(2) N —C(1)—C(2) 129.2(2)
N —O0(2)—B 106.6(2) F()—B —F(Q) 109.0(2)
0(2)—N —C() 112.2(2) F()—B —O0() 110.9(2)
0()—N —C(3) 118.4(2) F()—B —O(2) 111.9Q2)
C()—N —C(3) 129.4(2) F2)—B —O(1) 112.1Q2)
O(1)—C(1)—N 112.8(2) F(2)—B —O0(2) 110.9(2)
o(1)—C(1)—C() 118.0(2) O(1)—B —0O2) 101.9(2)

(b) Angles involving hydrogen atoms

Bonds Angle (deg)

Bonds Angle (deg)

C(l) —C(2)—H(Qa) 106(4)
C(1) —C(2)—H(2b) 109(3)
C(1) —C(2)—H(2c) 108(3)
H(2a)—C(2)—H(2b) 111(4)
H(2a)—C(2)—H(2¢) 104(4)
H(2b)—C(2)—H(2¢) 118(4)

N —C(3)—H(3a) 115(2)
N  —C(3)—H(3b) 108(2)

N —C(3)—H@o) 116(3)
H(3a)—C(3)—H(3b) 114(4)
H(3a)—C(3)—H(3¢) 110(4)
H(36)—C(3)—H(3c) 93(4)

TaABLE 5. Weighted least-squares plane in the
form /X + mY + nZ = p where x, y, z are orth-
ogonal A coordinates with respect to a, b, andc*

Ring atoms BO,CN
x? - 10.7
Equation 0.7876 X + 0.5914Y

—0.1731Z = 1.8742
Deviation (A) of
atoms from plane

o(1) 10.002(2)
0oQ) —0.001(2)
N 0.003(2)
c(1) —0.004(2)
B —0.002(3)
CcQ) —0.082(4)
Cc3) —0.028(3)
F(1) 1.111(2)
FQ2) —1.111(2)

A, are essentially equal in length. The O—B
distances are somewhat longer than those of
1.485(3) and 1.490(3) A in the related molecule
(benzoylacetonato)difluoroboron (51), the differ-
ence possibly being due to o-hybridization
effects arising from angular constraints at boron
imposed by the different chelate ring sizes (5- vs.
6-membered rings). The O—B—O angle in
the present structure is 101.9(2)° wvs. 111.4°
in (benzoylacetonato)difluoroboron. The B—F
bond lengths (Table 3) do not differ significantly
from one another and their mean value of 1.378 A
compares well with the unique distance of
1.376(2) A in (benzoylacetonato)difluoroboron
(51).

The C—N and N—O bonds are shorter and
the C—O bond longer than those in all other
hydroxamate chelates cited (15-20) as well as in
acethydroxamic acid hemihydrate (52). The
C—N and N—O distances of 1.298(3) and
1.349(2) A are similar to corresponding bond
lengths of 1.29-1.30 and 1.33-1.37 A in the cis-

-and trans-nickel(II) thiohydroxamate complexes

(21). The C—N distance is shorter than that in
pyridine-N-oxide (53) (1.34 A) and about the
same as that in the dimethylformamide complex
SbCls. HCON(CH,), (54) (1.29(1) A), in which
at least partial C==N double bond character is
assumed. The N—O distance of 1.349(2) A
compares well with the N—O distance of 1.35(2)
A in pyridine-N-oxide (53). The C—O distance of
1.346(2) A is comparable to phenolic C—O
distances. The C(1)-C(2) bond length of
1.468(3) A is shorter than the value of 1.51 A
expected for a C(sp?)—C(sp>) single bond. Other
bond distances in the molecule are as expected.
In view of the equivalence of the two O—B
bond distances and their covalent character as
deduced from the bond lengths, the overall
structure of difluoroboron N-methylacethydroxa-
mate appears to be best described by the
resonance forms 4a and 4b. The C—N and C—O
bond lengths indicate bond orders of approxi-
mately 1.75 and 1.25 respectively, thus the overall
structure may be thought of as a 3:1 hybrid of 4a
and 4b, i.e. the B-N betainic form 4a is the most
important contributor to the structure.
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TaBLE 6. C—H. . . F interactions*

D—H...A H...AA) D...AA) £ DHA (deg) L XAH (deg)
C(3)—H(¢)...F()! 2.67(4) 3.355(3) 128(3) 108(1)
C(B3)—H(3a). ..F(2)? 2.53(4) 3.358(4) 150(3) 138.8(8)
C(2)—H(20¢). . .F(2)? 2.69(5) 3.636(4) 169(3) 108.1(9)

*Superscripts refer to atoms at positions: 1x — 1,1/2 — y,z — 1/2;2—x,1/2 + y,1/2 — z.The H... F... H angle at

F(2) is 50(1)°.
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The type XXVII Streptococcus pneumoniae (pneumococcus) capsular polysaccharide contains
equimolar amounts of D-glucose, D-galactose, L-rhamnose, 2-amino-2-deoxy-D-glucose, acetyl,
pyruvic acid, phosphate, and choline. Structural investigations involving methylation studies
and characterization of oligosaccharides obtained by three different degradations indicate the
structure of the complete repeating unit to be

+$3-B-p-Glc p NAc-1-3-0-p-Gal p-1—-4-B-L-Rha p-1—-4-B-p-Glc p-14-,
|

4,6-0O-carboxyethylidene ¢ 2-phosphorylcholine

LARRY G. BENNETT et CLAUDE T. BisHop. Can. J. Chem. 55, 8 (1977).

Le polysaccharide capsulaire du Streptococcus pneumoniae (pneumococcus) de type XXVII
contient des quantités équimolaires de p-glucose, de p-galactose, de L-rhamnose, d’amino-2
déoxy-2 D-glucose, d’acétyle, d’acide pyruvique, de phosphate et de choline. Des études struc-
turales impliquant des méthylations et la caractérisation d’oligosaccharides obtenus par trois
dégradations différentes indiquent que la structure de I’'unité compléte de base pourrait étre

$3-B-p-Glc p NAc-1-3-a-D-Gal p-1—4-B-L-Rha p-1—-4-B-p-Glc p-14-

|
O-carboxyéthylidéne-4,6

Introduction

The type specific capsular polysaccharide of
type XXVII Streptococcus pneumoniae (pneumo-
coccus) has been reported to contain glucose,
galactose, rhamnose, and glucosamine (1) as
well as 7.02%, acetyl, 3.12%, phosphorus (2), and
8.7% pyruvic acid (3). However, the relative
amounts, sequence, and linkages of the mono-
saccharides and the locations of the other sub-
stituents are unknown. A number of cross-
reactions of anti-XXVII serum have been re-
corded (4-7) but the only structural bases that
could be deduced from these was the common
presence of pyruvic acid in the type XXVII
polysaccharide and in the cross-reacting poly-
saccharides. The present paper reports the results
of a structural study of the type XXVII poly-
saccharide as part of a continuing program on
structure—specificity relations in polysaccharide
antigens of bacteria.

Issued as NRCC No. 15527.

2NRCC Research Associate 1975-1977.

phosphoryl-2 choline

[Traduit par le journal]

Results and Discussion

" The type XXVII polysaccharide was from the
collection of pneumococcal polysaccharides pre-
pared by Brown (2). Table 1 gives the results of
analysis of this product; the constituents, re-
ported as percent of hydrolysed material, ac-
counted for 91.79 of the polysaccharide on an
anhydrous basis.

Elemental analysis of the type XXVII poly-
saccharide showed twice as much nitrogen as
could be accounted for by the glucosamine
content (N, calculated from glucosamine, 1.33%;
found, 2.7%). The absence of amino acids in
hydrolysates precluded protein or peptides as
the source of this extra nitrogen, but the initial
clue as to its identity was found in the '*C nmr
spectrum of the polysaccharide. An outstanding
feature of this spectrum (Fig. 1) was the high
intensity resonance at 55.1 ppm. The observa-
tion that this signal was three times the intensity
of the signals from three equivalent methyl-
carbons at 18.1, 23.4, and 25.6 ppm (for assign-
ments see below), suggested a structure with
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TaBLE 1. Composition of type XXVII pneu-
mococcal polysaccharide. Elemental analysis:
C37.7, H6.0,N 27, P 29; ash 9.9 (%)

Constituents % Molar ratio
Acetyl 5.0 1.16
Choline 13.1 1.08
Phosphate 8.9 0.94
Pyruvate 9.0 1.02
Glucose 18.1 1.00
Galactose 16.5 0.92
Rhamnose 17.4 1.06
Glucosamine 17.0 0.95
|
‘ 00 80 60 40 20 I
ppm

Fic. 1. '3C nmr spectrum of pneumococcal type
XXVII polysaccharide.

three carbons of identical electronic environ-
ment. Choline is such a compound, and its
13C nmr spectrum exhibits a triplet at 55.0, 55.2,
and 55.4 ppm attributed to the trimethylammo-
nium carbons. Thus, the resonance at 55.1 ppm
in the spectrum of the type XXVII polysaccha-
ride was assigned tentatively to the trimethyl-
ammonium carbons of choline. Confirmation of
the presence of choline in acid hydrolysates of
the polysaccharide was obtained on thin-layer
chromatograms (8) by Dragendorff’s reagent (9)
and by quantitative analysis (10) that showed
a choline content of 13.1%.

The identification of choline, not previously
reported as a constituent of the type XXVII
polysaccharide, was cause for concern that the
preparation was contaminated by C-substance
that is known to contain choline (11-13): how-
ever, ribitol, N-acetyl-D-galactosamine, and N-
acetyldiaminotrideoxyhexose, the other major
components of C-substance (12, 14, 15) were not
present. Furthermore, the amount of choline
(13.19) and its stoichiometric relation with the

other components (Table 1) indicated that it
could not have arisen from a minor contaminant.
Finally, the type XXVII polysaccharide gave a
single precipitin band on immunodiffusion
against homologous antiserum (Fig. 2) and
showed a cross-reaction with myeloma proteins
specific for phosphorylcholine (16); the resulting
spur formation where the precipitin bands
merge (Fig. 24) indicated partial identity of
reaction (complete cross-over of the bands
would have indicated non-identity). Thus, the
myeloma proteins and some of the homologous
antibody proteins had reacted with a common
determinant in the polysaccharide. Confirmation
that this determinant was phosphorylcholine was
given by the ability of that compound to dissolve
the precipitin bands formed with the myeloma
protein (Fig. 2B).

Evidence that the choline was bound to the
type XXVII polysaccharide through a phospho-
diester linkage was provided by inhibition studies
of the homologous precipitin reaction. Table 2
shows the results of inhibition by phosphoryl-
choline and choline in homologous precipitations
of type XXVII and type VIII. While both phos-
phorylcholine and choline were good inhibitors
of the type XXVII system, it was clear from the
inhibition at the two lowest concentrations that
phosphorylcholine was the better inhibitor. The
lack of inhibition in the type VIII homologous
precipitation showed that the results for type

- XXVII were indeed specific and were not caused

by non-specific, ionic dissociation of the pre-
cipitated complex.

The 3C nmr spectrum (Fig. 1) provided other
information in addition to the detection of
choline: the methyl carbon region between 15

FiG. 2. Immunodiffusion of pneumococcal type XXVII
polysaccharide against homologous antiserum and mye-
loma proteins specific for phosphorylcholine. (4) Wells:
1 — myeloma proteins, 2 —type XXVII polysaccharide,
3 — anti-type XXVII serum. (B) Same as A4, 3 h after
flooding with phosphorylcholine solution (5 mg/ml).
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TaABLE 2. Inhibition of type XXVII and of type VIII
homologous precipitations by phosphorylcholine and by
choline

% Inhibition
Inhibitor
(umol) Type XXVII Type VIII

Phosphorylcholine

0.1 9.1 +0.8
0.5 16.3 —-3.0
2.0 20.2 +0.8
5.0 22.3 +2.6
20.0 23.9 0.0
Choline
0.1 3.2 +1.3
0.5 9.3 +1.3
2.0 14.3 —-1.3
5.0 21.0 —-0.8
20.0 20.7 —-2.9

and 30 ppm showed four distinct resonant fre-
quencies. These were assigned to rhamnose
C-methyl at 18.1 ppm (17), to N-acetyl methyl
at 23.4 ppm (18), and to pyruvic acid C-methyl

at 25.6 ppm, the last being made by comparison

with the '*C nmr spectrum of methyl 4,6-
O-carboxyethylidene-a-D-galactopyranoside (19)
that showed a C-methyl resonance at 26.4 ppm.
The equivalent intensities of these three signals
and the triple-strength intensity of the choline
methyl carbon peak showed that rhamnose, N-
acetyl glucosamine, pyruvic acid, and choline
were present in equimolar amounts in the poly-
saccharide. The smaller signal at 20.8 ppm in the
13C nmr spectrum might be attributed to the
methyl carbons of O-acetyl groups (20); however,
neither the structural nor serological significance
of O-acetyl groups was assessed because of the
relatively small amount and the uncertainty in
detecting their serological role in the presence
of the major determinants, pyruvate and
phosphorylcholine.

Methylation studies provided information
about some of the linkages in the polysaccharide.
Complete methylation was difficult to achieve,
probably because of the pyruvate and phospho-
rylcholine substituents. However, three major
components were detected by gas-liquid chroma-
tography of the partially methylated alditol
acetates. The three derivatives, identified by gas
chromatography — mass spectrometry (21), were
1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl  galactitol,
1,4,5-tri-O-acetyl-2,3,6-tri-O-methyl glucitol, and
1,2,4,5-tetra-O-acetyl-3-O-methyl rhamnitol in a

ratio of 1:1:0.6. Two smaller components were
identified as 1,4,5-tri-O-acetyl-2,3-di-O-methyl
rhamnitol and 1,3,4,5-tetra-O-acetyl-2-O-methyl
rhamnitol. The sum of all rhamnitol derivatives
was equal to an equimolar ratio with respect to
the galactitol and glucitol derivatives. These
results indicated that glucose and galactose were
present as 1—4 and 1—-3 linked units, respec-
tively. The presence of 3-O-methyl rhamnitol as
a major component indicated that rhamnose was
disubstituted at C-2 and C-4, and was either a
branch point or the site of a non-sugar sub-
stituent. As no products representing a non-
reducing terminal unit were detected, it was
concluded that the polysaccharide was not
branched. Reported difficulty in methylation of
phosphorylated sugars, and problems of phos-
phate migration during methylation (22), provide
a probable interpretation of the rhamnose deriva-
tives that were found. Thus, the 3-O-methyl
rhamnitol and the smaller quantities of the
2,3-di-O-methyl and 2-O-methyl derivatives
could have arisen from a 1—4 linked rhamnose
residue that bore a phosphorylcholine group at
C-2. Dephosphorylation would account for the
2,3-di-O-methyl and a 2— 3 phosphate migration
would yield the 2-O-methyl rhamnitol. Each of
these reactions would be expected to occur to
some extent under the strongly basic conditions

~of methylation. This interpretation was sup-

ported by oxidation of the dephosphorylated
polysaccharide by periodate as described below.

The conditions under which the three non-
sugar substituents, pyruvic acid, choline, and
phosphate, could be removed from the poly-
saccharide provided information about their
modes of linkage. Hydrolysis by acid (0.01 N
hydrochloric at 100°C) released pyruvic acid
but choline and phosphate were stable. Gel
chromatography showed that depyruvylation
caused some degradation by hydrolysis of either
glycosidic bonds or phosphodiester linkages
between sugar units. Incubation of the depyruvyl-
ated product with alkaline phosphatase did not
release phosphate, thus eliminating the latter
alternative. Alkaline hydrolysis (0.01 N sodium
hydroxide at 100°C) released choline, but
pyruvate and phosphate were stable. This lability
of choline and stability of phosphate has been
observed with phosphorylcholine groups in C-
substance (12).

Dephosphorylation of the native type XXVII
polysaccharide by 489, hydrofluoric acid at
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F1G. 3. Bio-Gel P-2 chromatography of dephosphorylated pneumococcal type XX V11 oligosaccharides
(®—®, phenol-sulfuric assay) and standards [---, (@) blue dextran, (b) 3-O-(2-acetamido-2-deoxy-B-D-
glucopyranosyl)-L-rhamnose, (¢) 2-acetamido-2-deoxy-D-glucose, (d) D-galactose].

4°C (23) yielded a mixture of oligosaccharides
that was resolved by gel filtration in Bio-Gel
P-2 (Fig. 3). The major component (dp 3) was a
tetrasaccharide that contained equimolar propor-
tions of glucosamine, galactose, glucose, rham-
nose, and pyruvate but no choline or phosphate.
Oxidation of this by periodate, followed by

reduction and hydrolysis, yielded glucosamine, -

galactose, pyruvic acid, glycerol, and 4-deoxy-
erythritol. The last was identified by gas chroma-
tography — mass spectrometry of its triacetate
as compared with a standard obtained from
4-0-B-p-glucopyranosyl-L-thamnose (24) by the
same sequence of reactions. The 4-deoxyery-
thritol could have arisen only from a 4-O-sub-
stituted rthamnose residue in the dephosphoryl-
ated tetrasaccharide and the point of linkage in
the linear polymer was thereby established.
Furthermore, as the rhamnose in the poly-
saccharide was not susceptible to periodate
before dephosphorylation and yielded mainly
3-O-methyl rhamnose on methylation, the
phosphorylcholine was located at the C-2
hydroxyl of this sugar. Oxidation of the de-
phosphorylated tetrasaccharide by periodate
also contributed information about the sequence
of sugars. The glycerol in the hydrolysate after
reduction must have come from glucose, the
only sugar other than rhamnose to be oxidized.

The glucose must therefore have been the non-
reducing terminal unit in the oligosaccharide;
a 1—-6 linked glucose residue that would also
have given rise to glycerol was ruled out because
the results of methylation showed that glucose
was. 4-O-linked in the repeating unit. Similarly,
galactose was 3-O-substituted in the repeating
-unit (methylation results) and could not represent
the reducing end of the tetrasaccharide because
it would then have been susceptible to oxidation
by periodate. Degradation of the native poly-
saccharide described below gave a glucosaminyl-
galactose disaccharide that located the amino
sugar as being attached glycosidically (1-—3)
to galactose. The tetrasaccharide sequence
was therefore glucosyl-glucosaminyl-galactosyl-
rhamnose.

The evidence so far showed that in the re-
peating unit glucose and galactose were glyco-
sidically monosubstituted, and rhamnose was
substituted by a glycosidic bond at the 4-O-
position and by phosphorylcholine at the 2-O-
position. Thus glucosamine was the only residue
that could bear the pyruvate substituent. As the
pyruvate was stable in alkali it must have been
present as a ketal bridging the 3,4, 3,6, or 4,6
hydroxyls with the latter most likely for steric
reasons. The presence of pyruvate and glycosidic
attachment of the adjacent sugar residue to the
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Fi1G. 4. Bio-Gel P-2 chromatography of hydrolysates (a) and (b) of periodate oxidized, reduced,
pneumococcal type XXVII polysaccharide. Hydrolysate (¢) ®—®; hydrolysate (b)) O—O (phenol-
sulfuric) and H---B (amino sugar). The arrow indicates the void volume.

remaining hydroxyl would mean that glucos-
amine was fully substituted in the native poly-
saccharide.-In support of this, it was noted that
no methyl ethers of glucosamine were identified
in the methylation analysis.

Confirmation of the foregoing deduction was
obtained by the following degradations. The
native polysaccharide, when oxidized by perio-
date, consumed 1 mol of oxidant per 4 mol of
monosaccharide. Analysis of the products after
reduction and hydrolysis showed that all the
glucose had been oxidized and had given rise
to erythritol; a direct confirmation of the methyl-
ation study showing that glucose was mono-
substituted glycosidically at the 4-O-position.
Periodate oxidation of the 859, depyruvylated
polysaccharide (0.01 NV hydrochloric acid, 60 min,
100°C) gave the same results as the native poly-
saccharide. Thus, depyruvylation did not expose
a glycol group and the possibility that pyruvate
was linked in glucosamine as a 3,4-ketal was
ruled out.

The periodate-oxidized, reduced, native poly-
saccharide was subjected to mild hydrolysis (25)
under two sets of conditions: (a¢) 1 N hydro-
chloric acid at 23°C for 24 h, (b) 0.1 N hydro-
chloric acid at 100 °C for 1 h. The products of
these partial hydrolyses were separated by elution
from Bio-Gel P-2 (Fig. 4). Hydrolysis (a) gave

a single oligosaccharide (peak sd 1, Fig. 4) in
about 909 yield. This product contained equi-
molar amounts of glucosamine, galactose, rham-
nose, erythritol, phosphate, choline, and pyru-
vate. It was therefore an erythritol glycoside of a

- trisaccharide that represented the intact re-

peating unit of the polysaccharide with erythritol
in the position of the oxidized glucose residue.
Further periodate oxidation, reduction, and
hydrolysis of this non-reducing erythritol glyco-
side resulted in the loss of erythritol with the
concomitant appearance of glycerol. However,
when the compound was depyruvylated (0.01 N
hydrochloric acid at 100 °C for 1h) and then
exposed to periodate, erythritol disappeared as
before but there was also loss of glucosamine
that corresponded quantitatively with the amount
of depyruvylation. Because depyruvylation of
the native polysaccharide did not expose glucos-
amine to periodate as it did in the erythritol
glycoside, it was concluded that glucosamine
formed the other non-reducing terminal unit
in the latter. Thus, the oxidation of glucosamine
in the depyruvylated erythritol glycoside must
have occurred at adjacent hydroxyl groups, one
of which was exposed by the hydrolysis of the
oxidized polysaccharide, the other by the sub-
sequent depyruvylation. The most likely inter-
pretation was that glucosamine was 3-O-linked
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3-Glc p NAc-1-3-Gal p-1—-4-Rha p-1-4-Glc p-1

[ 4,6-pyruvate ketal

2-ph03ph0rylch01ine]kepeating unit

(€8] Methylation — 2,4,6-tri-O-methyl-D-galactose

2,3,6-tri-O-methyl-D-glucose

3-0-methyl-L-rhamnose

(2,3-di-O-methyl-L-rhamnose)

(2-0O-methyl-L-rhamnose)

(2) Dephosphorylation — Glc p-1—3-Glc p NAc-1-3-Gal p-1—>4-Rha p (peak dp3 Fig. 3)

4,6-pyruvate ketal

10,7, BH.~, H*

glycerol, N-acetylglucosamine, galactose, 4-deoxyerythritol

(3) Periodate oxidation, reduction

Hydrolysis (@) — Glc p NAc-1-3-Gal p-1-4-Rha p-1-2-erythritol (peak sd1 Fig. 4)

4,6-pyruvate ketal

(1) Depyruvylation
(2) 10,-, BH,~, H*

glycerol, galactose,
rhamnose

2-phosphorylcholine
10,~, BH,~, H*

N-acetylglucosamine,
galactose, rhamnose, glycerol

Hydrolysis (b) — Glc p NAc-1-3-Gal (peak 111 Fig. 4)
10.-, BH,~, H*

glycerol, lyxitol

FiG. 5. Structural analysis of pneumococcalﬂtype XXVII polysaccharide.

in the polysaccharide and carried a 4,6-pyruvate
ketal. The alternative of a 4-O-linked glucos-
amine with a 3,6-pyruvate ketal was considered
unlikely on steric grounds, nor have 3,6-pyruvate
ketals been found in polysaccharides.
Hydrolysis (b) of the oxidized, reduced poly-
saccharide gave a mixture that was resolved into
five components (peaks I-V, Fig. 4). Peaks IV
and V contained N-acetylglucosamine and
galactose respectively. Peak III was a disaccha-
ride composed of N-acetylglucosamine and
galactose. Borohydride reduction converted the
galactose moiety to galactitol showing that the
compound was a glucosaminyl-galactose. Perio-
date oxidation, reduction, and hydrolysis yielded
glycerol and lyxitol. Clearly, the glycerol came
from the non-reducing terminal N-acetylglucos-
amine and the lyxitol must have arisen from
oxidation (at the C,—C, glycol) of a 3-O-linked
galactopyranose residue. The characterization
of this disaccharide, together with the identifica-
tion of the reducing and non-reducing terminal

residues in the tetrasaccharide from dephospho-
rylation as rhamnose and glucose respectively,
unequivocally established the sequence in the
repeating unit. The results of this structural
analysis are summarized in Fig. 5.

The relative susceptibilities of the sugars in
the polysaccharide to oxidation by chromium
trioxide were investigated to permit assignment
of anomeric configurations to the glycosidic
bonds (26-28). It was necessary to depyruvylate
and dephosphorylate the polysaccharide so that
a sufficient number of acetyl groups could be
introduced for extractability into chloroform
after the oxidation. Even though this caused
some depolymerization, enough glycosidic bonds
were left intact to permit a clear interpretation
of the results. Thus, glucosamine, glucose, and
rhamnose were oxidized and their glycosidic
linkages were therefore in the B-configuration.
The galactose was not oxidized so its glycosidic
linkage was «.

The enantiomorphic forms of glucose and
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F1G. 6. The repeating unit of pneumococcal type XXVII capsular polysaccharide. The configuration
at the asymmetric carbon of the pyruvate ketal has not yet been determined.

galactose were established as D by the suscepti-
bility of these two sugars to enzymic oxidation
by their specific oxidases. If it is assumed that
the glucosamine is also D, a reasonable assump-
tion because the L-form has not been found in
nature, then the enantiomorphic form of rham-
nose may be deduced from the specific rotation
of the polysaccharide ([a], +53.2°) (2). This
rotation may be regarded as the sum of rotations
of the four constituent sugars in the anomeric
configuration given above. For the corre-
sponding methyl glycosides these are: B-D-
glucopyranoside —34.2°, a-D-galactopyranoside

+179.3°, B-D-glucosamine —44°, and B-L-rham-

nopyranoside +95.4° for a total contribution
of (196.5°)/4 = +49.1°. The corresponding cal-
culated rotation using the value for f-D-rhamno-
pyranoside is +5.7°. It was therefore concluded
that rhamnose was present as the L-enantiomer
and the full structure of the repeating unit is
shown in Fig. 6.

Experimental

Biological Materials

The pneumococcal type XXVII capsular polysaccha-
ride and type specific anti-XXVII and anti-VIII horse
sera were generously provided by Dr. Kenneth Amiraian,
New York State Department of Health, Albany, New
York. Mouse serum from BALB/c mice bearing plasma-
cytoma MOPC603, as the source of myeloma proteins
specific for phosphorylcholine, was a gift from Dr. N. M.
Young of these laboratories.

13C Nuclear Magnetic Resonance

The spectrum of the type XXVII polysaccharide
(100 mg in 1.0 ml D,0) was measured in a 12 mm tube
at 30 °C on a Varian XL-100 spectrometer at 25.16 MHz.
Spectra were obtained using a pulsed Fourier transform
mode with complete proton decoupling. Chemical shifts
are reported as parts per million downfield relative to an
external tetramethylsilane standard. The 2H resonance of

the D,O provided the field frequency lock. Spectra of
phosphorylcholine and of methyl 4,6-O-carboxyethyli-
dene-a-D-galactopyranoside (19) in D,O were determined
in 10 mm tubes on a Varian CFT-20 spectrometer.

Immunodiffusion

Double diffusion studies (29) were done at 4°C in
plastic petri plates (1.5 x 5 cm) containing 1%, agarose
in 0.8% sodium chloride solution. The precipitin bands
(Fig. 2) were allowed to form during 4 days. The plate
was then flooded with 5 ml of aqueous phosphorylcholine
(5 mg/ml). Disappearance of the precipitin bands specific
for phosphorylcholine determinants was complete in
3 h (Fig. 2B).

Quantitative Precipitins

The relative amounts of antigen and antiserum used for
inhibition studies were those at maximum precipitation.
The system used was 0.5 M sodium bicarbonate, pH 7.5
(100 pl), undiluted antiserum (100 pl), antigen (25 pg in
100 pl water), and varying amounts of inhibitor in water
(200 pl). Mixtures were incubated at 4 °C for 5 days after
which the precipitates were washed twice with 0.1 M
sodium bicarbonate, pH 7.5 (1.0 ml), and dissolved in
0.1 N sodium hydroxide for estimation of protein (30).

Other Analytical Methods

For analysis of neutral sugars the polysaccharide was
hydrolysed by N hydrochloric acid at 100 °C for 10 h.
The hydrolysate was neutralized (Dowex 1-X8, HCO;~
form) and concentrated by evaporation under diminished
pressure at 40 °C. Sugars were separated by thin-layer
chromatography on silica gel 60 in ethyl acetate:iso-
propanol:acetic acid: water, 3:5:1:1, and analysed by a
micromodification (31) of the phenol —sulfuric acid
method (32) with the minor but significant change that
the silica gel was simply pelletized by centrifugation
before absorbances were measured.

Alditols from studies on periodate oxidation and their
methyl ethers from methylations were analysed by gas—
liquid chromatography with a Hewlett-Packard Model
402 gas chromatograph. The glass U-tube columns
(150 x 0.3 cm) were packed with 3% ECNSS-M on
80-100 mesh Gas-Chrom Q (33) which was also used in
a Finnigan Model 9500 gas chromatograph-3100D mass
spectrometer when that system was used to identify
products (21).
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TaBLE 3. Characterization of partially methylated alditols

Alditol Tr* mfe Molar ratio
1,4,5-Tri-O-acetyl-2,3-di-O-methyl rhamnitol 1.00 117, 203 0.2
1,3,4,5-Tetra-O-acetyl-2-O-methyl rhamnitol 1.54 117 0.2
1,2,4,5-Tetra-O-acetyl-3-O-methyl rhamnitol 1.88 189, 203 0.6
1,3,5-Tri-O-acetyl-2,4,6-tri-O-methyl galactitol 2.26 45, 117, 161, 233 1.0
1,4,5-Tri-O-acetyl-2,3,6-tri-O-methyl glucitol 2.53 45, 117, 233 1.0

*Retention times relative to that of 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl glucitol.

Analyses for amino sugars and amino acids were done
on an automatic amino acid analyzer following hydrolysis
by 3 N hydrochloric acid at 100 °C for 10 h. Phosphate
(34), pyruvic acid (35), and choline (10) were assayed by
published procedures. Acetyl was determined as acetic
acid by gas chromatography on Chromosorb 102 with
propionic acid as an internal standard.

Methylation

Because of its limited solubility in dimethyl sulfoxide
the type XXVII polysaccharide (5 mg) was acetylated
prior to methylation. The acetylation and methylations
by the Hakomori (36) and Purdie and Irvine (37) methods
were as described by Choi and Meyer (38). Two methyla-
tions by the Hakomori procedure gave incomplete
methylation as shown by hydroxyl absorption in the
infrared and by a multiplicity of components after hydrol-
ysis. The partially methylated polysaccharide was there-
fore remethylated with methyl iodide :methanol (1:1) and
silver oxide (37). The product, recovered by extraction
with chloroform and methanol, was dissolved in 80%;
aqueous methanol and deionized (mixed resin column:
Rexyn 101 (H*) and Dowex 1 (OH™)). Infrared spectro-
scopy showed only minor hydroxyl absorption, and three
major components were present after hydrolysis. The
methylated polysaccharide was hydrolysed, first in 2.5%;
methanolic hydrogen chloride at 100 °C for 20 h, then
in 2 N hydrochloric acid at 100 °C for 6 h. The hydrolysis
products were reduced (NaBH,), acetylated, and ana-
lysed by gas chromatography — mass spectrometry (21).
The characterization of the partially methylated alditols
is detailed in Table 3.

Hydrolysis of Substituent Groups

(i) Acid Hydrolysis

The type XXVII polysaccharide (8 mg) was dissolved
in 0.01 N hydrochloric acid (8.0 ml) and the solution was
heated at 100 °C. At intervals the solution was cooled
and aliquots (100 and 400 ul) were removed, the former
for analysis of free pyruvic acid (35). The other aliquot
was neutralized (4 ul of N sodium hydroxide) and in-
cubated 5 days with alkaline phosphatase (100 ul, 0.1%
solution in 0.5 M Tris, pH 10.3), after which 200 pl was
assayed for free choline (10) and 300 ul was assayed for
free phosphate (34).

(ii) Alkaline Hydrolysis

The same quantities and conditions used for acid
hydrolysis were employed for hydrolysis of the poly-
saccharide in 0.01 N sodium hydroxide. Release of pyruvic
acid, choline, and phosphate were monitored as described
above.

(iii) Dephosphorylation
A solution of the polysaccharide (10 mg) in 48%;

hydrofluoric acid kept at 4 °C for 3 days was neutralized
with sodium carbonate and insoluble sodium fluoride
was removed by centrifugation. The supernatant was
deionized (mixed resin, Rexyn 101 (H*) and Dowex
1-X8 (OH™)) and freeze dried. The product recovered
(8 mg) was free of both phosphate and choline.

Periodate Oxidation

Periodate oxidations, borohydride reductions, and
hydrolysis of the products were done by standard pro-
cedures (25). In brief, oxidations were done with 0.01 M
sodium metaperiodate in the dark at room temperature
for 50 h; consumption of oxidant was monitored spectro-
photometrically (39). Oxidized products were reduced
with sodium borohydride and hydrolysed with N hydro-
chloric acid at 100 °C for 10 h. Components in these
hydrolysates were analysed by thin-layer chromatography
and by gas-liquid chromatography after further reduction
and acetylation to alditol acetates. Glucosamine was
determined colorimetrically (40). Results are given in the
preceding section.

Isolation of Oligosaccharides

(i) From Dephosphorylation

Dephosphorylated oligosaccharides (8 mg) were eluted
from Bio-Gel P-2 (minus 400 mesh, 120 x 1.2 cm) with

0.1 M pyridine acetate buffer, pH 6.0. Fractions (0.85 ml)

were monitored by the phenol - sulfuric acid method
(32) and the elution pattern is shown in Fig. 3. Fractions
containing only peak dp 3 were combined and freeze
dried to yield a product shown to be a tetrasaccharide as
described above.

(ii) From Periodate Oxidation

Portions (10 mg) of periodate-oxidized, borohydride-
reduced, polysaccharide were hydrolysed (@) by N hydro-
chloric acid (5 ml) at room temperature for 24 h, (b) by
0.1 N hydrochloric acid (5 ml) at 100 °C for 1 h, neutral-
ized (0.5 N sodium hydroxide), and fractionated on Bio-
Gel P-2 as described above. Fractions were monitored
for neutral sugars as in (/) and for amino sugars by a
modified Elson-Morgan assay (40). The elution patterns
are shown in Fig. 4. Hydrolysis (a) gave only one com-
ponent (sd 1) apart from a small peak at the void volume.
Analysis and further degradation studies as described
above and summarized in Fig. 5 showed this to be an
erythritol glycoside of a trisaccharide. Hydrolysis (b) gave
S components on elution from Bio-Gel P-2 (peaks I-V,
Fig. 4). Peaks IV and V were identified by chromatography
as N-acetylglucosamine and galactose, respectively. Peak
111, as described above, was shown to be the disaccharide,
Glc p NAc 1-3 Gal. Peaks I and II from this elution
were not examined further.
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Chromium Trioxide Oxidations

The polysaccharide (5.5 mg) was depyruvylated and
dephosphorylated as described above. The deionized
product (3 mg) was reduced (NaBH,), acetylated, and
divided into three equal portions for oxidations of 0, 1,
and 2 h as described by Laine and Renkonen (28). After
hydrolysis the glucosamine contents were determined
colorimetrically (40); neutral sugars were analysed
directly by thin-layer chromatography and as alditol
acetates by gas-liquid chromatography with addition of
inositol as internal quantitative standard. The results
showed a 75%, loss of glucosamine and the almost total
loss of glucose and rhamnose in the 2 h oxidations;
galactose was not affected.

Enzymic Oxidations

An hydrolysate of the polysaccharide was incubated
separately with D-glucose oxidase and D-galactose
oxidase (Glucostat and Galactostat reagents, Worthing-
ton). Thin-layer chromatography failed to show glucose
and galactose.
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Molecular inclusions in the paraffin layers of the nickel
cyanide n-alkylamine systems
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The layered Ni(C,H,,;;NH,),Ni(CN), acts as a host structure for amines, yielding Ni-
(C.H2,+ 1NH3),Ni(CN)4,xC,H,, . ;NH, (with 0 < x <04 and 12 < n < 16) which are
easily prepared by various procedures including solid—solid reaction. The guest can be removed
and re-included; it can be replaced by aromatics. Phase transitions of the clathrate (with amines
as guest) occur in the range 55-85 °C, obviously related to the transitions previously observed
in the parent compound Ni(C,H,,;NH,),Ni(CN),.

Y. MATHEY, R. SETTON et C. MAzIErES. Can. J. Chem. 55, 17 (1977).

La préparation et les caractéristiques de composés d’inclusion Ni(C,H,,. 1 NH,),Ni(CN),,
xC,H,,.1NH,avec0 < x < 0.4et12 < n < 16 sont décrites. Les molécules d’amines incluses
dans les couches paraffiniques du systéme peuvent étre déplacées puis réinsérées. L’inclusion
d’aromatiques, dans le méme systéme, a été réalisée. L’existence de deux transitions pour le
clathrate d’amines dans I’intervalle 55-85 °C est interprétée en relation avec le comportement

17

de la structure d’accueil Ni(C,H,,,1NH;),Ni(CN),.

The method of preparation which was given
(1) after the original description by Weiss (2) of
the nickel cyanide n-alkylamine compounds
always leads to products for which the RNH,/
Ni(CN), ratio (with R = C,H,,,,) can vary
between 1 (parent compound) and about 1.20.
A moderate heating (2 h at 100 °C, for instance)
yields the parent compound Ni(C,H,, . ;NH,),-
Ni(CN), which has already been described (1-3).

The ease of formation of the Ni cyanide
n-alkylamines compounds will first be demon-
strated; then, using n-dodecylamine as an
example, it will be shown that the excess of
amine molecules is not held by superficial ad-
sorption but rather as the guest in a true layered
inclusion compound conveniently described as
Ni(C,H,, . ;NH,),Ni(CN),,xC,H,, . ; NH;)with
0 < x < 0.4. The process of inclusion is pro-
gressive and reversible but a point exists beyond
which the polymeric cyanide host structure
breaks down. Furthermore, the same type of
compound can exist with aromatic hydro-
carbons as the included species.

Experimental
Preparation
The compounds Ni(C,H,, .1 NH,),Ni(CN),,xC,H, 41~
NH, (which will hereafter be noted NiNiC,,xC,) have
113een prepared with normal alkylamines with n = 12 to
6.
In the case of n-dodecylamine (given as an example),
one of the following three preparations can be used; all

of them leading to a light violet product. (4) ‘Quasi-
anhydrous’ nickel cyanide was prepared by dehydrating
the hydrated cyanide at 160 °C; 0.5 mol of the yellow
powder thus obtained was suspended in dry hexane and
refluxed for 2h with 0.65 mol of »n-C,,H,sNH,. The
solid was then filtered, washed with hexane and dried.!
(B) Freshly prepared hydrated cyanide Ni(H,0),-
Ni(CN)4-¥yH,0 (0.5 mol) (4) was added to 65 ml of a
10 M solution of r-dodecylamine in hexane and the
mixture refluxed, filtered, washed, and dried as above.
(C) A mixture of 0.65 mol of solid C;,H,sNH, and

0.5 mol of quasi-anhydrous nickel cyanide was gently

heated until it suddenly changes from yellow to light
violet indicating coordination of the amine on the
available Ni sites.

Analysis

Nickel was estimated by EDTA complexometry (5).
Thermogravimetric analysis (TGA) gave the total amine
content and hence x. These results were in good agree-
ment with those calculated from elementary analysis
using the hypothesis of one Ni to each two CN groups
(Table 1).

Note

The maximum value of x found was 0.4; this value did
not seem to depend on the mode of preparation. However,
the use of excess quantities of amine led to much larger
values of x (up to x = 4) but X-ray diffraction and
infrared absorption showed that the compounds thus
obtained were no longer of the NiNiC,,xC, type here
described.

1This method of preparation is analogous to that given
by Walker and Hawthorne (1) in which the excess amine
is removed by heating to yield the stoichiometric parent
compound NiNiC, in its form I (3).
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TasBLE 1. Elementary analysis results

Ni C N H
x* Calcd. Found Calcd. Found Calcd. Found Calcd. Found
0 19.8 19.8 56.8 56.1 14.2 13.7 9.2 9.2
0.15 18.9 18.8 57.7 57.3 13.9 13.8 9.4 9.4
0.35 17.9 17.4 58.9 58.7 13.5 13.3 9.7 9.7

*Content included dodecylamine.

Physical Properties

X-Ray diffraction patterns were obtained by reflexion,
on a diffractometer (AK,;Cu); ir spectra were obtained
on Nujol mulls or KBr pellets; thermal analyses were
obtained in air on samples ranging from 10-15mg
(TGA) to a few micrograms (DTA).

Results

Whatever the value of x (between 0 and 0.4)
or n (between 12 and 16) the compounds are
light violet powders. A part of the X-ray diffrac-
tion pattern of the NiNiC,,, ~0.4C,, compound
is compared to the diffractogram given by form
I of the parent NiNiC,, compound in Fig. 1.
Thermal treatment of the compounds singles out

28 30° 20° R 2°

Fic. 1. X-Ray diffractogram (AK,;Cu) of (4) NiNiC,,
xC, inclusion compound, for » = 12 and x = 0.4; (B)
NiNiC,,, the parent compound (form I). The shading
refers to the first category of lines (see text) In A, the
4th harmonic (around 19°) is occulted by other reflections.
The lines of the second category are shown linked in the
two diagrams.

TABLE 2. Maximum values (in A) observed for the
largest interplane distance in NiNiC,,xC, with
12<n<1l6and x *x 04 -

dA)
n NiNiC, NiNiC,,xC,
12 16.2 19.3
13 17.1 20.5
14 18.0 21.2
15 18.9 22.3
16 19.7 23.2

three categories of lines: (i) The first line
(smallest value of the diffraction angle) and its
harmonics, with intensities strongly enhanced
by preferential orientation of the powder on the
holder. The corresponding value of the interlayer
spacing is slightly dependent on the value of
x and differs with #n. It is always greater than
that of the corresponding parent compound but

" tends discontinously to this latter value during
the heat treatment (Table 2); an incomplete heat
treatment leads to two phases. (ii) A few lines
whose positions do not depend on # and which
are not much affected by the heat treatments.
They correspond to distances very close to those
characteristic of the polymeric nickel cyanide
plane already met in NiNiC,. (iii) Some strong
lines which are not linked with the value of n
and are considerably modified by the heat
treatment.

The ir spectra obtained on as-prepared and
heat-treated compounds are quite similar but,
in the latter case, the spectrum is less complex,
particularly in the extension vibrations v(C—C)
and v(C—N) of the C,H,,.;NH, chain and
v(N—H) of the NH,, group; also the very intense
v(C=N) vibration splits (2162 and 2156 cm™?!).

The different methods of physical analysis
show that below 85°C, modifications occur
without any loss of mass; above this threshold,
loss of mass occurs leading to NiNiC, (I) with
x = 0. Depending on the previous thermal his-
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tory, three types of thermograms can thus be
distinguished:

Heating to 75 °C (maximum)

The DTA curve of Fig. 24 shows a first
endotherm starting at 55 °C and another rather
weaker one at about 65°C. The reverse signals
can be observed on cooling and the cycle is
reproducible any number of times. There is no
loss of mass from the sample; X-ray diffraction
pattern and ir spectra of the sample at room
temperature show no variations.

Heating to 85°C

At room temperature no loss of mass or any
modification of the ir spectrum are observed
after a first heating to 85°C, but the X-ray
diffraction pattern is permanently modified with
the largest value of d, the interplanar distance,
changing from 19.30 to 19.05 A. Similarly, the
DTA curve shows a significant reduction of the
first endotherm (Fig. 24’). Identical thermo-
grams are obtained during further heating cycles
limited to a maximum temperature of 85 °C.

Heating to Beyond 85 °C

This entails decomposition and leads to
NiNiC,, (I) whose characteristics have already
been described (3) (Fig. 2B). It is important to
note that the removal of the excess amine is
still, in a way, reversible since x can be increased
again through the action of a solution of
n-C,,H,sNH, in hexane. The products thus

30 50 70 90 °C 1

ST . A P

°C

01 c

ot ®

<0

L

0 . W %

FiG. 2. Differential thermal analysis. (4) Of NiNiC,,
xC, with x ~ 0.4. First heating and cooling cycle.
if + < 75°C, this cycle is reproducible. (4’) After a first
heating to 85°C, this cycle is reproducible if fmax <

85°C. (B) After a first heating to 100°C (2h). The
thermogram is that of the parent compound.

obtained, corresponding to the formula NiNiC, ,,
x'Cy,, are analogous to those obtained by
procedures 4, B, or C, with the value of x’
independent of the previous value of x. Also in
this case, there exists a limiting value of x’
beyond which profound modifications of the
system occur. Thus, the products obtained from
NiNiC,, and a quantity of amine equivalent to
x" = 4 correspond to the expected formula but
their characteristics are quite different from those
described above. X-Ray diffraction yields a
value of 24.9 A and the ir spectrum shows two
peaks for v(C=N) at 2152 and 2123 cm ™ *, both
intense, two for v,(N—H) at 3334 and 3316 cm !
and two for v(N—H) at 3270 and 3254. The
product is identical to that described in the Note
in Experimental section.

Discussion

The analogy between the X-ray diffraction
pattern and the ir spectra of NiNiC, and
NiNiC,,xC, (particularly with regard to the
structure in the Ni planes) as well as the analogy
of the DTA curves suggests that the excess
amine of NiNiC,,xC, (with 0 < x < 0.4) leaves
most of the crystalline lamellar structure of the
parent compound unchanged. Apparently, the
excess molecules are trapped between the layers,
and this both modifies the interlayer spacing
and increases the complexity of organization of
the paraffinic system. Since the coordinated and

non-coordinated alkyl chains are identical and

must probably both be in their fully extended
trans conformation, the axes of the mean re-
pulsion cylinder are likely to be parallel so as
to obtain closest packing in the interlayer
spacing. Furthermore, since the increase in the
interlamellar distances with n (when x & 0.4)
is slightly greater than that observed for the
parent compound (Table 2), the angle between
the chains and the cyanide planes must have
been slightly increased. The problem of the
structural relationship between the various parts
of the lattice has not, however, yet been solved
owing to the lack of single-crystal data (3).

The thermal evolution of NiNiC,,,xC,, can
be interpreted as follows: at about 75°C the
system of planes and chains settles irreversibly
with d,,,, changing from 19.30 to 19.05 A. When
this more compact NiNiC,,,xC,, is heated once
again from room temperature, a first transition
occurs at about 55 °C, strikingly similar to the
I — II transition of the parent compound (3).
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The second transition, starting at about 65 °C,
could be homologous to the II — III transition
which, in NiNiC,,, occurs at 85 °C. The decrease
in the transition temperature could be the result
of an increase in freedom of the terminal CHj
groups.

The NiNiC,,xC, system therefore shows the
following properties: reproducibility of the
spectral and structural properties, possibility of
obtaining x values between ~0.4 and 0, de-
composition leading to the parent compound
NiNiC,, possibility of regeneration. These fea-
tures are characteristic of an inclusion compound
in which the parent lattice plays the role of a host
structure. For n = 12, the maximum value of x
seems to be about 0.4; beyond this value, the
Ni—CN bonds in the polymeric cyanide phase
break down, as shown by the profound modi-
fications of the ir spectra in which two intense
v(C—N) bands appear separated by 30 cm™*.
In other words, an excess of amine seems to
lead to [Ni(RNH,),]**[Ni(CN),]*~ but the
structural relationship between the square planar
anions and the bulky cations has not yet been
ascertained.

A similarity can be drawn between the host
structure and that of the Hofmann clathrate
(6) Ni(NH;),Ni(CN),4,2C4Hg. This has led us to
attempt the inclusion of aromatics: (/) With
benzene, for n < 12 one can obtain NiNiC,,

xC¢Hg but the stability of this compound is low )

even at room temperature. In fact benzene seems
to diffuse into and out of the NiNiC, structure.

Naphthalene and anthracene can be included,
their diffusion out being slow enough to permit
observation of their inclusion. (2) If one tries to
regenerate NiNiCy,,x'C;, by reacting NiNiC,,
with C,,H,sNH, dissolved in benzene (instead of
hexane), the inclusion of the amine doesn’t occur.
The extreme ease with which benzene apparently
diffuses into the structure probably prevents the
bulkier amine molecules from penetrating be-
tween the layers. (3) The stability of the aromatic
inclusion compounds can be markedly improved
by adjusting the size of host site to that of the in-
cluded molecule, thus, anthracene can be better
included in NiNiCg than in NiNiC,,. The
differences in the uv spectrum of the aromatic
molecules brought about by inclusion suggest
that the distribution and orientation in the ali-
phatic chains could be studied along the lines
of the numerous results (7) obtained following
the work of Shpolskii (8) in this field.
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1,2,3,4,7,8,9,10-Octahydrodicycloheptalde,ijlnaphthalene and
2,7-dimethylpyrene: a short novel synthesis
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The preparation of two tetracyclic benzenoid hydrocarbons is described using a four step
synthesis involving ‘aromatization’ of a Diels-Alder dianhydride adduct.

Davip E. LAvycock, RoseMARY J. WAIN et ROBERT H. WIGHTMAN. Can. J. Chem. 55, 21

1977).

On décrit la préparation de deux hydrocarbures benzénoides tétracycliques qui se font par
I'intermédiaire d’une synthése en quatre étapes impliquant ‘I’aromatisation’ d’un adduit dian-

hydride de Diels—Alder.

Introduction

Bis-annelation of the naphthalene nucleus via
the peri positions has led to some interesting
tetracyclic polyunsaturated hydrocarbons in-
cluding acepleiadylene 1 (1), pyracylene 2 (2)
and pyrene 3 (3). These compounds have re-
ceived much chemical (I, 4) and theoretical
(5-7) attention to ascertain their degree of ‘aro-
matic’ character. The next higher homologue
‘dipleiadiene’ 4 has not yet been synthesized (for
synthesis of a similar system, see ref. 8) although
it has received considerable theoretical attention
(9, 10). One approach to 4 would seem to be via
its octahydro derivative 8 and this manuscript
describes a short synthetic route for this com-
pound as well as an interesting rearrangement
by-product, 2,7-dimethylpyrene 9.

1 2 3 4
Fischer et al. have reported the only synthesis

of 8 in a lengthy sequence starting with benzo-
suberone and involving ten steps with a 7%

ITaken in part from the thesis presented by D.E.L. in
partial fulfillment of the requirements of the M.Sc. degree
at Carleton University, Ottawa, Canada, May 1976.

2Taken in part from the thesis presented by R.J.W. in
partial fulfillment of the requirements of the M.Phil.
(external) degree for the University of London, U.K.,
April 1972.

3Author to whom correspondence should be addressed.

[Traduit par le journal]

overall yield (11). Our synthesis outlined in
Scheme 1 can provide the compound quickly in
four steps from cycloheptanone despite one very
low yield step. Interestingly, the sequence also
provides a source of 2,7-dimethylpyrene 9 for
which there is only one reported synthesis with
an acceptable yield (12).

Results and Discussion

1,2,3,4,7,8,9,10-Octahydrodicycloheptal de,ij ]-
- _naphthalene '
The synthesis of 8 was based on the observa-

_tion that mono Diels—Alder adducts of maleic

anhydride and bicyclic dienes could be converted
directly to benzenoid hydrocarbons in yields of
60-709, by heating with phosphorus pentoxide
(13). This procedure has been used previously by
us to synthesize a series of bis meta-annelated
benzenoid hydrocarbons (14).

A substantial improvement over reported
yields (~509,) of 1-chlorocycloheptene 5 (15)
from cycloheptanone was achieved by modifica-
tions in the work-up (see Experimental). The
product should be used immediately after distil-
lation but can be stored under nitrogen atmos-
phere in the cold (0 °C) and dark. Conversion to
the diene 6 was accomplished with potassium
tert-butoxide in tetrahydrofuran at 70°C as
reported by Bottini et al. (16). The method is a
distinct improvement over the original procedure
of Ball and Landor (15) both in yields and experi-
mental ease. We have found that cmr provided
an easy and direct verification of the absence of
double bond isomers noted by previous workers
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SCHEME 1

(15, 16). The presence of only seven lines in the
spectrum must indicate the required (symmetri-
cal) product. The anti configuration for 6 indi-
cated on the formula is based on assignments from
chemical degradations of 6 (17), a Woodward-
Hoffman conrotatory [2 + 2] dimerization of the
_cycloallene proposed as the intermediate between
compounds such as 5 and 6 (16, 18), and possible
pmr evidence (19). It should be possible to con-
firm this stereochemical assignment by cmr if the
other isomer of 6 could be obtained (20).

The dianhydride 7 was obtained as described
by Ball and Landor (15) although we were never
able to achieve the yields nor, consistently, the
sharp melting points reported by the earlier
workers. This may be due to mixtures of con-
formational/configurational isomers such as have
been reported for similar products (21). None-
theless the reaction product when foamed and
dried gave spectral data (ir, nmr, ms) consistent
with the proposed structure and gave products
identical to the crystalline material when sub-
jected to the final reaction conditions. Upon
heating the dianhydride 7 with phosphorus pen-
toxide at 360 °C an orange hydrocarbon-soluble
solid was obtained in 13%, yield which was
disappointingly low when compared to our pre-
vious experiences (14). Gas-liquid chromato-
graphic analysis of this product indicated two
major components which were easily separated
and purified by column chromatography on
alumina to yield 8 with petroleum ether elution
and 9 from the benzene fraction.

Various attempts were made to improve the
yield of the Diels—Alder/aromatization sequence.
Cycloadditions with the diene 6 were investigated

using ethylene, acrylic acid, dimethylacetylene
dicarboxylate, and tetracyanoethylene (22) as
dienophiles with no useful derivatives obtained.
Attempted conversion of the dianhydride to
hydrocarbon products using bis triphenylphos-
phine nickel dicarbonyl (23), Pd/C at 350 °C (14),
or lead tetraacetate with dimethyl sulfoxide in
pyridine (24) were also unsuccessful.

2,7-Dimethylpyrene

At first glance the formation of 9 bears some
similarity to reported pyrolytic (500°C) re-
arrangement of benzcycloheptadiene to methyl-

_naphthalene (25). However, treatment of 8 at

360 °C or with phosphorus pentoxide at 360 °C
returned essentially quantitative amounts of
starting material with no evidence for 9. Perhaps
this result offers some clue to the mechanism of
the ‘oxidative decarboxylation’ reaction with
phosphorus pentoxide.

Experimental

General Details

All reactions were carried out under nitrogen. Melting
points were obtained on a Fisher-Johns melting point
apparatus. Refractive indices were taken on an Officine
Galileo Di Milano (Jo. 50532) refractometer. Analytical
glc data were obtained on a Hewlett Packard F&M 402
instrument using + in. x 6 ft columns packed with 5%
SE54 on Chromosorb W, an oven temperature of 225 °C,
and flow rate of nitrogen at 70 ml/min. Infrared spectra
were recorded on a Perkin-Elmer 237B spectrophoto-
meter. Ultraviolet spectra were obtained in 95%, EtOH on
a Perkin-Elmer Coleman-124 spectrophotometer. *3C nmr
data were obtained on a Varian XL-100 (100 MHz)
instrument and proton nmr spectra were recorded on a
Varian T-60 (60 MHz) instrument ; all values are recorded
in ppm (8) with reference to TMS. All nmr were taken in
CDCl; with 197 TMS. Low resolution mass spectra were
carried out at Trent University in Peterborough.
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I-Chlorocycloheptene (5) (15)

Cycloheptanone (225 g, 1.8 mol) was added dropwise
to phosphorus pentachloride (454 g, 2.2 mol) over 3 h at
0°C. The reaction mixture was then poured on ice
(1000 g) and after 1 h extracted with methylene chloride
(3 x 200 ml); the combined organic layers were washed
with water (2 x 200 ml), dried over anhydrous sodium
sulfate, filtered, and evaporated in vacuo. Distillation of
the resulting oil yielded 1-chlorocycloheptene, 196 g
(79%) as a clear colourless oil; bp 54-59 °C/14 torr,
np2° 1.4840 (lit. (26) bp 75 °C/26 torr, np*! 1.4844); nmr
5.95 (1H, t, olefinic CH), 2.5 (2H, m, CH, « to CCl), 2.1
(2H, m, allylic CH), 1.6 (6H, m, other CH,).

Tricyclic Diene (6) (16)

Freshly distilled 1-chlorocycloheptene (5) (196 g, 1.5
mol) was added dropwise over 1 h to a stirred dispersion
of potassium fert-butoxide (370 g, 3.3 mol) in 1 litre dry
THF at 66-70 °C. After 2 h at this temperature the mix-
ture was poured into 1 litre of water and extracted with
ether (3 x 200 ml); the combined ether extracts were
washed with water (1 x 200 ml), dried, filtered, and
evaporated to give a reddish oil. Upon distillation the
diene 6 was obtained, as a clear colourless oil, 67 g (49%,),
bp 150-162 °C/14 torr (lit. (15, 16) 142 °C/14 torr, 123—
137 °C/4 torr); np2° 1.5408; nmr 5.8 (2H, m, olefinic CH),
2.6-0.9 (18H, m, other H); ir 1660 cm~! (C=C); uv
Amax (€) 260 (17 500), sh 270, sh 254 nm; 3*Cmr (+0.2
ppm), 145.8 (C,), 118.2 (Cy), 48.7 (Cy), 33.4 (C.), 30.9
(C.), 29.7 (C; or Cy), 28.9 (Cq4 or Cy).

Dianhydride 7 (15)

Freshly distilled diene 6 (29.0 g, 0.154 mol) and maleic
anhydride (58 g, 0.465 mol) were refluxed in dry benzene
(200 ml) for 8 h. Removal of benzene in vacuo followed by
trituration with ether furnished a residual yellow oil
which, after repeated evaporations with acetone, yielded
yellow foam, 16.5 g (28%,). A small portion could be
crystallized in benzene — petroleum ether (60-100 °C) as
needles mp 263-267 °C, softening at 230°C (lit. (15)
267 °C); ir 1760, 1850 cm~! (anhydride); ms m/e 384
(M*); nmr 3.3 (4H, m, CH o to C=0), 2.9-2.4 (4H, m,
allylic CH), 2.3-1.2 (16H, m, other H).

Substituted Naphthalene (8) and 2,7- Dimethylpyrene (9)

Dry powdered dianhydride 7 (15 g, 0.039 mol) was
mixed thoroughly with phosphorus pentoxide (15.0 g,
0.15 mol) and placed in a long Pyrex tube with a Hickman
still attached. The apparatus was then placed vertically in
a furnace at 360 °C for 15 min. Orange crystals were re-
covered from the still and chromatographed on an
alumina column. Elution with petroleum ether gave clear
colourless needles, recrystallized from hexane to yield 8,
0.5 g (6%): mp 143 °C (lit (11) 143 °C); glc 6.5 min; nmr
7.0 (4H, s, aromatic H), 3.15 (8H, m benzylic CH,), 2.0
(8H, m, other CH,).

Subsequent elution with benzene furnished, after re-
crystallization from hexane, 2,7-dimethylpyrene 9, 0.3 g
(4%), as clear colourless crystals: mp 233 °C (lit. 12, 27)
234 °C, 238 °C); glc 8.75 min; nmr 7.95 (8H, s, ring H’s),
2.75 (6H, s, CH3’s); ms mje 230°C (M*); uv Amax (€)
247 (20 000), 267 (5900), 277 (9500), sh 237 nm.
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and hydrogen sulfide — water mixtures. Stabilities of the
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The temperature dependence of the equilibria (n,n+1) H*(H,S), + H,S = H*(H,S),+1
was measured for # = 1 to 5 in a pulsed electron beam mass spectrometer with a high pressure
ion source. The AH,,,,, values obtained were (2,1) 15.4, (3,2) 9.1, (4,3) 8.4, (5,4) 6.7 kcal/mol.
Possible structures of the clustered ions are proposed.

Addition of water vapor leads to mixed cluster ions such as H*(H,S).(H,O),, with x + »
from 1 to 6, observed as the ion source temperature was decreased to — 100 °C. The temperature
dependence of the equilibria for the exchange reactions H*(H,S)(H,O) + H,O = H*(H,0),
+ H,S, H*H,S)(H,0), + H,O=H*(H,0); + H,S, and the association reaction
H*(H,S)(H,0) + H,S = H*(H,S),(H,O) were also measured. For all ions measured, the
hydration process is energetically more favorable than the solvation by H,S.

KEenzo HirakOA et PAuL KEBARLE. Can. J. Chem. 55, 24 (1977).

La relation qui existe entre la température et I’équlibre (n,n+1) H*(H,S), + H*(H,S),+: a
été mesurée pour n = 1 jusqu’a 5 dans un spectrométre de masse avec un faisceau d’électrons
pulsés et une source ionique a haute pression. Les valeurs de AH, . {,, obtenues sont (2,1) 15.4,
(3,2) 9.1, (4,3) 8.4, (5,4) 6.7 kcal/mol. On propose des structures possibles pour les ions agglo-
mérés.

L’addition de vapeur d’eau conduit a des ions mixtes sous forme d’agglomérats tels que
H*(H,S).(H,0), ou x + y varie de 1 & 6; on peut observer ces ions lorsque la température de

‘la source ionique est abaissée jusqu’a — 100 °C. Les relations entre la température et I’équilibre

pour les réactions d’échange H*(H,S)(H,O) + H,O = H*(H,0), + H,S, H*(H,S)(H,0).
H,O = H*(H,0); + H,S et pour la réaction d’association H*(H,S)(H,O) + H,S=
H*(H,S),(H,0) ont aussi été mesurées. Pour tous les ions mesurés, le processus d’hydratation

est plus favorisé, au point de vue énergétique, que la réaction de solvatation par H,S.

Introduction

Several years ago, a study of the gas phase
equilibria of the proton in water, methanol,
dimethyl ether (1) and mixtures thereof (2) was
made in this laboratory. This study provided
thermochemical information giving special in-
sights in the solvation processes and suggested
possible structures of the hydrogen bonded
clusters.

The present work deals with hydrogen sulfide
and mixtures of hydrogen sulfide and water. A
number of spectroscopic studies of hydrogen
bonding to the sulfur atom in solution have been
reported (3). However, few thermochemical data
were obtained by this method. Lowder et al. (4)
estimated the energy of hydrogen bonding in
H,S....HSH in the gas phase from quantitative
infrared intensity measurements as 1.7 4+ 0.3
kcal/mol. This can be compared with the energy
of hydrogen bonding of water H,O...OH,

[Traduit par le journal]

which is ~5 kcal/mol (5). Apart from a quali-
tative study of Hopkins and Bone (6), no quan-
titative information on the hydrogen bonding in
ionic species like (H,S...H...SH,)" etc. has
been published. In order to investigate the
intrinsic hydrogen bonding ability of hydrogen
sulfide, we studied the equilibrium reaction of
the proton in hydrogen sulfide and mixtures of
hydrogen sulfide and water in methane carrier
gas.

Experimental

The high pressure ion source mass spectrometer with
which the measurements were done was described earlier
(7). Only a brief account of the procedures followed will
be given here.

The 2000 V ionizing electron beam (10~ A) was pulsed
‘on’ for 10-100 us and ‘off’ for 2-4 ms. The ions escaping
from the field free ion source into an evacuated region
were magnetically mass analyzed and collected in a multi-
channel analyzer as a function of their arrival time after
the electron pulse.
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The H*(H,S), + H,S = H*(H,S),,; measurements
were done with CH, gas at a pressure of 4 torr containing
known small amounts of H,S (50 to 600 mtorr). The
CH,, gas (Linde UHP) was further purified by passing it
through a Dry Ice - acetone-cooled trap containing
molecular sieve 5 A. Downstream of this trap, H,S
(Matheson C.P. Grade) was added to the CH, stream
through a calibrated capillary. The mixed gas was passed
in slow flow through the thermostated ion source.

For the measurements of equilibria of the mixed
cluster ions of H,S and H,O, only a very small amount of
H,O0 (< 1 mtorr) needed to be introduced since more than
a few mtorr of water easily converted all mixed cluster
ions to fully hydrated ions. This made it difficult to
determine the water pressure directly. We had to deter-
mine the water pressure by measuring the equilibrium ion
intensities of H*(H,0), and H*(H,0),,; and using the
expression:

[n+1 1
In X Kn,n+1

p:

The equilibrium constants K, ., were obtained in this
laboratory before (7, 8). The water concentration result-
ing from this procedure is accurate to only some 20-50%;.
This introduces a similar error in the equilibrium con-
stants for the exchange reactions Ht*SW + W =H*W,
+ S and H*SW, + W=H*W; + S (where S stands
for H,S and W for H,0).

The-cluster ions H*S, and H*W,, and mixed cluster
ions H*S,W, were the major ions observed in the mixed
H,S, water experiment with some minor ions such as
CHS*, CH;3S*, CH3SH,*, C,HsSH, ", CsHsSH, *, and
C;H,SH, *. The total of the minor ions was less than 1%
of the total ions. The minor ions might be produced from
the impurities, possibly mercaptans present in the hydro-
gen sulfide gas, by reaction of the primary ions of methane
with hydrogen sulfide. No investigation was made of the
mechanism by which these ions were formed.

Results and Discussion

The experimentally obtained van’t Hoff plots
for the reactions (n,n+1) H*(H,S), + H,S =
H*(H,S),,, are shown in Fig. 1 together with
the corresponding results for water which are
given for comparison.

An examination of the dependence of the
equilibrium constants on the H,S pressure was
made at all the temperatures shown in the van’t
Hoff plots. One example of these determinations
is given in Fig. 2 for the reaction (1,2).

1,2 H*(H,S) + H,S = H"(H.S).

The results show that the equilibrium constants
are independent of H,S pressure in the experi-
mentally covered pressure range, where the
pressure changes by a factor of five to six.

The van’t Hoff plots for the exchange reac-
tions H*SW + W=H*W, + S and H*SW,
+ W=H"W;, + S, and the addition reaction

T T 1“2) T T 1(2'3)1

T
(3,4)

(12)7===--

(4,5)

[}
ToT T

Lol

(56)

T T
Lol

2 . .

o

1000/ T (K)

FiG. 1. van’t Hoff plots for the reactions H*(H,S),
+ H,S<= H*(H,S),4+1 (n,n+1). (---) plots for the reac-
tion H*(H,0) + H,O = H*(H,0), 1, refs. 7 and 8.
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F1G. 2. Pressure dependence of the equilibrium con-
stant K; , for the reaction H*(H,S) + H,S == H*(H.S),.

H*SW + S = H"*S,W are shown in Fig. 3. The
corresponding AH®, AG®, and AS® values are
summarized in Fig. 4 and Table 1. Included are
results obtained earlier for pure protonated
water (7, 8). Some of the values shown in Fig. 4
are marked by an asterisk. Such values were
obtained not by direct measurement of the
equilibrium but by the application of thermo-
dynamic cycles. This was done for cases where
the direct measurement of the equilibrium was
difficult.

The van’t Hoff plots for pure hydrogen sulfide
were shown in Fig. 1. The vertical distance
between two adjacent van’t Hoff lines taken at
some (1/T) is proportional to the free energy
difference. Big gaps between two van’t Hoff lines
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TABLE 1. Thermochemical data from
sulfide, hydrogen

protonated clusters in equilibria; hydrogen
sulfide — water mixture®

Reaction —AH® —AG° —AS°

(1) Addition Reaction

H*S + S=H"*S, 15.44+0.5 8.1+0.4 24.4+1.5

H*S, + S=H"S; 9.1+£0.5 2.8+0.1 20.9+2.1

H*S; + S=H*S, 8.4+0.5 1.0+0.2 24.5+1.8

H*S, + S=H*S;s 6.7+0.3 —0.7+0.2 24.7+1.4

H*Ss + S=H"*Ss’ ~6.1° ~—1.1% 24)

H*SW + S=H*S,W 13.3+£0.4 6.8+0.2 21.7+1.3
(2) Exchange Reaction

H*SW + W=H*W, + S 6.7+1 7.1+£0.5 —1.2+2

H*SW, + W=H*W; + S 5.9+1 6.3+0.6 —1.3+2

aAll values are in kcal/mol, AG° values for 300 K, AS? in eu, standard state 1 atm. Only data
from directly measured equilibria are shown. Data for related reactions can be obtained from
thermodynamic cycles as shown in Fig. 4. S and W are hydrogen sulfide and water.

bThe values AH? and AG° are estimated by assuming —AS® = 24 eu and AG measured at a differ-

ent temperature.
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o' — E
x [ ]
0°E [ . E

2 - 0

! 10
10 20 2.5 30 3.5

1000/ T (K)

FiG. 3. van’t Hoff plots for hydrogen sulfide (S) and
water (W): Exchange reactions: H*SW + W =H*W,
+ S(O)and H*SW, + W=H*W; + S (A). Associa-
tion reaction H*SW + S=H*S,W (O).

thus indicate a big drop of stability towards
dissociation of one molecule. Easily noticed in
Fig. 1 is a big gap between (1,2) and (2,3). This is
followed by a smaller gap between (2,3) and
(3,4) and a big gap again between (3,4) and (4,5).

A similar pattern can be observed in Fig. 5
which shows the measured enthalpy changes for
the (n,n+1) reactions in function of n. A de-
crease of AH, . { , withnis observed as is generally
the case for ion clusters. The results of Fig. 5 show
that the decrease is not regular. The fall off be-
tween the first three interactions AH, ;, AH; ,
and AH, ; is rather smooth, then an appreciable
decrease occurs between AH, ; and AH; , fol-

-AH change

Fi1G. 4. Enthalpy changes for addition and exchange
reactions of protonated clusters containing hydrogen
sulfide (S) and water (W). The value corresponds to
— AH (kcal/mol). The proton is omitted from the clusters.
Values with an asterisk were obtained indirectly from
cycles involving directly measured values. The pure water
values taken from refs. 7 and 8 are indicated with the
superscript “.

lowed by an only small decrease to AHy 5. This
means that the first incoming molecule reacts
most strongly, relatively strong interactions occur
also for the second and third molecule, while
thé next two molecules, i.e. fourth and fifth,
experience weaker interactions. This pattern of
interactions is qualitatively very similar to the
changes observed earlier for the proton hydrates
H™"(H,0),, except that the binding energies for
the H,S clusters are very much lower. For the
proton hydrates the stability decrease between
H,0"(H,0); and H;0*(H,0), was very much
less pronounced than the stability decrease ob-
served between H;S*(H,S); and H,S*(H,S),
observed in the present results. In the earlier
studies (1, 2, 7, 8), it was concluded that the Eigen
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FiG. 5. Plot of experimental —AH, .. vs. n for the
reactions H*(H,S), + H,S == H*(H,S),+:. The number
172 is the proton affinity of hydrogen sulfide obtained in
this laboratory (14).

structure (9) H;0 " (H,0); does not have a really
special prominence. It is therefore interesting to
compare the water and hydrogen sulfide systems
and also examine why the Eigen-type structure
should show relatively greater stability in the
H,S system. (The Eigen type structure, H;S™-
(H,S); is shown in Fig. 6.)

Yamabe et al. (10) have examined the elec-
tronic structure of H3S™ by ab initio MO calcu-
lations (STO 3G). Their results predict that
H;S™ has C,, structure with an HSH angle of
94°. The calcwmated net positive charges on H and
S are 0.150 and 0.550 respectively. Comparable
calculations for H;O* by Almléf and Wahlgren
(11) predict an HOH angle of 117° and net
positive charges on H and O of 0.328 and 0.015
respectively. Thus nearly all the positive charge
in H;07 is on the hydrogens. The near planarity
of this molecule may be considered to be a
consequence of the H™ repulsions. H3S™ is quite
different with much more charge on the sulfur
atom, consequent smaller hydrogen repulsions
and pyramidal structure. The above differences
may be considered to largely reflect the higher
electronegativity of the oxygen atom. The dipole

/\
H H

F1G. 6. Structure of cluster H3S*(H,S);.

moments of H,S and H,O are 1.1 and 1.8 D
respectively. Considering the much smaller par-
tial positive charges on the H atoms in H;S™,
the smaller permanent dipole of H,S and the
greater bulkiness of the S atom one has no
trouble understanding that the H*(H,S), clus-
ters are held much more weakly than the corre-
sponding water clusters. The shorter bonds in the
water clusters lead to a fairly efficient positive
charge transfer from the ‘inner’ hydrogen atoms
of the H;0 to the outer hydrogen atoms in the
water molecules of the Eigen structure. This
charge dispersal, which is characteristic of ‘strong
hydrogen bonds’, is achieved by a small amount
of electron transfer from the outer molecules to
the H50 and by a considerable internal polariza-
tion of the outer water molecules. For this reason
bonding of the H;O(H,0);* to an additional
water molecule i.e. —AH, s°and —AG, °is not
weakened appreciably. In the H;S(H,S);*

system positive charge transfer to the periphery

should be much smaller because of the weaker
hydrogen bonding, i.e. longer bonds with atten-
dant big decrease in electron transfer and
polarization. In addition to this comes the
smaller permanent dipole of H,S. Therefore the
large drop off at the (4,5) stage is expected.
Other solvents with weak bonding abilities have
been also observed to show distinct drop off the
enthalpy and free energy change after completion
of the first shell. For example recent measure-
ments of the solvation of the proton by hydrogen
(12) and methane (13) gas showed breaks after
the completion of the first ‘shell’ that were even
more distinct than that observed for the hydro-
gen sulfide system.

Figure 4 shows the enthalpy changes for addi-
tion and exchange reactions of protonated
clusters containing hydrogen sulfide and water.
The proton affinity of hydrogen sulfide is 3
kcal/mol higher than that of water (14). Since the
chemical bonding ability of sulfur is much lower,
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the slightly better accommodation of the proton
by H,S should be mostly due to the higher
polarizability of the H,S. This slight edge of H,S
is lost when the interactions occur at larger
distances and for reasons outlined above the
interactions with water when more than one
molecule is present are more favorable. Thus we
see from Fig. 4 that the addition of one H,S
molecule to H;S* brings only 15.4 kcal/mol
exothermicity while the addition of a water mole-
cule (S - SW) brings a whole 21.9 kcal/mol. The
exchange reaction H*S, + W=HSW"* + Sis
exothermic by ~6.5 kcal while the further ex-
change HSW™* + W = HW, " releases an addi-
tional ~ 6.7 kcal/mol. These and the other data
in Fig. 4 graphically show how H,S rapidly
becomes a less desired species as the clusters
grow. Thus the very weak bonding of H,S in an
acidic aqueous solution is foreshadowed by these
results.

It is interesting to compare the present pair
for H*(H,0), and H*(H,S), with the H*-
(NH,), and H*(PH,), systems for which results
‘were obtained earlier (15, 16). The bonding in the
phosphine system was found (16) to be much
weaker than that in the ammonia system. This is
a result that could have been expected for reasons
very similar to those pointed out in the present
work for the water and hydrogen sulfide systems.
A further analogy could have been expected,
namely that the relative drop off in stability
between inner- and outer-shell should have
been more pronounced for the phosphine system.
This, however, was not observed (16). While
there is a significant drop off in stability between

NH,"(NH;), and NH,"(NH;)5 the change for
the corresponding phosphine species seems to be
small and continuous (16). The reasons for this
result are not very clear.
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Photoisomerization of 1-triphenylmethylcyclopentadiene.

Di- n-methane rearrangement to 5,6,6-triphenylbicyclo[3.1.0]hex-2-ene
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Triphenylmethylcyclopentadiene exists as a mixture of isomers, the minor and major com-
ponents of which are shown to be 1-triphenylmethylcyclopentadiene (1) and 2-triphenylmethyl-
cyclopentadiene (2), respectively.

Direct irradiation of a mixture of 1 and 2 led to formation of 5,6,6,-triphenylbicyclo[3.1.0]hex-
2-ene (3) via rearrangement of 1. Acetophenone-sensitized irradiation of the same mixture
gave 3 as well as a two component mixture of photodimers of 1 and/or 2. Results are interpreted
in terms of the di-n-methane rearrangement mechanism.

STEFAN WEIGL et JOHN WARKENTIN, Can. J. Chem. 55, 29 (1977).

Le triphénylméthylcyclopentadiéne existe sous forme de mélange d’isomeres; les compo-
sants mineurs et majeurs sont respectivement le triphénylméthyl-1 cyclopentadiéne (1) et le
triphénylméthyl-2 cyclopentadiéne (2).

L’irradiation directe d’un mélange de 1 et de 2 conduit a la formation de triphényl-5,6,6
bicyclo[3.1.0] hexéne-2 (3), par I'intermédiaire d’un réarrangement de 1. Une irradiation sensi-
bilisée par I’acétophénone du méme mélange conduit a 3 ainsi qu’a un mélange a deux compo-
sants des photodiméres de 1 et/ou 2. On interpréte les résultats en terme d’un mécanisme de

réarrangement di-n-méthane.

Introduction

There are many potential photoreactions of
thetriphenylmethylcyclopentadiene system. First,
monosubstituted cyclopentadienes are intercon-
verted by thermal [1,5]-sigmatropic hydrogen
migration and are obtained as mixtures of
isomers (1-6), any one or all of which could be
photolabile. Second, all three possible isomers
have the endocyclic di-r-methane system of
cyclopentadiene itself but, in the cases of 1- and
2-triphenylmethylcyclopentadienes, 1 and 2,
respectively, there is an additional di-n-methane
system consisting of a double bond of the diene
moiety and a phenyl group. Potential photo-
products, therefore, include four triphenyl-
methylbicyclo[2.1.0]pent-2-enes from the known
electrocyclic reaction of the diene singlet (6, 7),
eq. 1, two bicyclo[3.1.0]hex-2-enes from di-mt-
methane rearrangement’ with phenyl migration,
egs. 2 and 3, and a bicyclo[2.1.1]hex-2-ene from

R

R
) ©/ N

'Photochemical rearrangement of systems having a
single sp3-hybridized carbon flanked by two m-systems
(e.g. vinyl and phenyl) has been named di-n-methane
rearrangement by Zimmerman and co-workers, who first
recognized its generality (8).
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a variant (unprecedented) of that rearrangement,
eq. 2. Finally, some of the potential photo-
pathways might require either the singlet or the
triplet excited state of the precursor.
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In this paper we report the identities of the
isomers present in triphenylmethylcyclopenta-
diene and the structure and origin of the photo-
rearrangement product.

Methods, Results, and Discussion

Isomers of Triphenylmethylcyclopentadiene
Riemschneider and Nehrin (9), as well as
Werner et al. (10) had established that 1 and 2
are the major isomers in triphenylmethylcyclo-
pentadiene mixtures and the equilibrium ratio
had been established at 3.8:1 (10). However,
neither group was able to establish whether 1 or
2 is the predominant isomer. We speculated that
the large trityl group might slow Diels-Alder
reaction of 1 more than that of 2. That postulate
turned out to be correct, for treatment of the
mixture of 1 and 2 with tetracyanoethylene (6)
led to rapid consumption of the major isomer
only, with formation of 5,5,6,6-tetracyano-2-tri-
phenylmethylbicyclo[2.2.1]hept-2-ene (7). Long
reaction times led to total conversion of dienes
to 7, presumably by prior rearrangement of 1 to
2, followed by reaction with 6. Thus, the major
component in the mixture of 1 and 2 is isomer 2.
Methylcyclopentadiene also contains more 2-
than 1-isomer at equilibrium but the ratio is only
1.20:1 (2, 4). Since this ratio is opposite in sense
to that expected from a hyperconjugative effect

,of the methyl group (4), and since the effect of

replacing the methyl group with the larger tri-
phenylmethyl group is to increase the fraction of
2-substituted diene in the equilibrium mixture,
we suggest that the reason for the predominance
of 2-alkyl cyclopentadienes over the 1l-isomers
has to do with greater steric hindrance in the
latter.

The pmr spectrum of the cyclopentadiene
portion of 2 was assigned with the aid of de-
coupling and the data are gathered in Table 1.

Identity of Photoproduct 3

The structure of the photorearrangement
product followed from molecular weight and
composition data (see Experimental) and from
its spectra. A cyclopropane ring was inferred
from ir bands at 3.25 and 9.80 um (12). The uv
spectrum (cyclohexane, max 275 (350); plateaus
267 (850), 260 (1205) and 227 nm (g 20 153)) is
similar to that of 6,6-diphenylbicyclo[3.1.0]hex-
2-ene (13) (uv, cyclohexane, max 276 (700);
plateaus 268 (1145), 260 (1560), and 227 nm
(e 12 800)) and indicated that the cyclopropane
ring bears two or more phenyl substituents.

TaBLE 1. Nuclear magnetic resonance spectra of 1 and 2

Chemical shift (§)°

Nucleus 1 2 J(Hz)’
H; — 6.08 Ji,3 = 1.40
H, 6.05-6.40° — Ji,a=2.05
H; 6.05-6.40°¢ 6.20
H, 6.05-6.40°¢ 6.33 J3,a=5.29
Hs 2.89 3.03 Ji,s = 1.83%

Jos = 1.85
Cy 154.2¢ 130.1¢ J3,s = 0.924
C, 128.3¢ 152.4¢
Cs 132.7¢ 136.9¢
C, 131.3¢ 131.9¢
Cs 44 .5¢ 40.6°
Cs 62.2¢ 60.9¢

I\H/Ig{ spectra: 100 MHz, CDCl;, TMS. 13C spectra: 90 MHz, CDCls,
TMS.
bDetermined by decoupling, except where otherwise indicated.
<Not resolved from other signals in the vinyl region.
dEstimated by computer simulation of the vinylic signals.
cAssignments based on relative intensities and the known isomer
ratio (2:1 = 4.5), as well as by analogy, using methylcyclopentadiene
spectra as models (11).

Particularly useful in the structure elucidation
were the *H and **C nmr spectra (Table 2). Off-
resonance decoupling of the *3C spectrum
showed that the four high-field signals must be
attributed to two quaternary, one tertiary, and
one secondary carbon. Decoupling of the 'H
spectrum showed that the methine proton reson-
ating at 3.21 8 is coupled weakly (1.5 Hz) to the

~methylene protons. That feature rules out the

isomeric  1,6,6-triphenylbicyclo[3.1.0]hex-2-ene
(5), in which the methine and methylene protons
would be vicinally coupled. Model bicyclo[3.1.0]
hex-2-enes show approximately 7 Hz coupling
to one of the methylene protons and 0-2 Hz
coupling to the other (14, 15). In the case of
accidental magnetic equivalence of the methylene
protons, one would expect the vicinal coupling
constant to the cyclopropyl proton to be of 3-4
Hz magnitude. Clearly, the observed spectrum
is not compatible with structure 5 but does fit 3.
Bicyclo[2.1.1]hexene system 4 can be ruled
out, not only on the basis of the ir and uv data
cited above but also on the basis of the 'H
spectrum, in which one would expect to see
strongly differentiated methylene protons.

Photochemistry

Direct irradiation of a solution of 1 and 2 in
benzene (see Experimental) yielded 3 cleanly,
with 459 conversion. Chromatographic separa-
tion of unreacted starting material revealed that
the latter was depleted in isomer 1 (2:1 > 10).
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TaBLE 2. Nuclear magnetic
resoriance spectra of 3

Chemical
Nucleus shift (8)° J(Hz)
H1 3.21 qb 11,2=2.0,J1’3:0.0
H, 591m  Ji.=Js=1.5
H, 519m  Jy3=15.5J24=J2s=2.0
H., Hs 2.83q%  Jys=Js35=2.0
ArH 6.75-7.30 m
C; 40.54 d¢¢
C, 42.06 t¢
Cs 44.31 s°
Ce 48.18 s°

TI:/;? spectra: 100 MHz, CCl,, TMS. 13C spectra: 90 MHz, CDCls;,
"Ps.eudo quartet.

cOff-resonance decoupled.
4C, and Cj signals mixed in with aromatics.

Control experiments showed that 1 and 2 elute
together from the column that was employed and
that the chromatographic process itself did not
alter the ratio (2:1 ~ 4.5) in an unirradiated
sample. The simplest explanation for the change
in isomer ratio as a result of irradiation is that 1
is more reactive-than 2 in the di-n-methane re-
arrangement. The fact that only one product (3)
was detectable suggests that 2 does not undergo
any photorearrangement on direct irradiation,
with the possible exception of [1,3]-sigmatropic
shifts which would interconvert it with 1.
Formation of 3 can be interpreted in terms of
the di-t-methane rearrangement (8, 16). The
process is most easily visualized in terms of
diradical intermediates [1] although such pictures
do not necessarily represent actual minima on
the potential energy surface but are more likely
points on the energy surface of a concerted pro-
cess (8, 16, 17). The fact that 4 is not obtained is
understandable because the 1,5-overlap required
to reach it is expected to be poor, relative to 1,3-
overlap required in the transition state leading to
3 (eq. 2, arbitrary numbering in bracketed
structure). A diradical representation is also
useful for rationalizing the inefficient di-rn-
methane rearrangement of 2, for which an un-
conjugated, as opposed to an allylic, radical site
develops along the reaction coordinate [2].
Acetophenone sensitized reaction of 1 and 2
led to 3 and two other major products. Although
the latter were not separated from each other,
analyses and osmometric molecular weight

determination of the mixture indicated that they
are dimers of 1 and/or 2. A melting point deter-
mination on a microscope-equipped hot stage
showed two crystalline solids melting at 199 and
234 °C, respectively.

Sensitized photodimerization of cyclopenta-
diene to form both the exo and endo (4 + 2)
cycloadducts as well as a (2 + 2) cycloadduct
has been reported (18) and sensitized addition of
cyclopentadiene to alkenes, such as cis- and
trans-but-2-ene is also well known (19). Forma-
tion of dimers from use of a triplet sensitizer in
the present case was therefore expected and the
interesting results are, first, that only two of the
many possible dimers can be detected and,
second, that 3 is formed. The former result can
be attributed to the large steric requirements of
the trityl groups which would make for exceed-
ingly crowded transition states for some potential
cycloadditions. The latter result implies that both
the singlet and the triplet excited states of 1
undergo the di-n-methane rearrangement. Sensi-
tized reaction must involve the triplet, for the
sensitizer absorbs nearly all of the light and the
products include dimers typical of triplet diene
reactions. Unsensitized rearrangement could also
involve the triplet as the rearranging species but,
if that were the case, dimers should be formed
in that reaction also. We conclude that the
singlet of 1 undergoes rearrangement more
rapidly than intersystem crossing, that the

‘triplet of 1 undergoes the same rearrangement

in competition with intermolecular cycload-
ditions, and that neither excited state of 2 re-
arranges. Presumably, the triplet of 2 also adds
to 1 and/or 2.

Generalizations concerning structure-multi-
plicity relationships for the di-n-methane re-
arrangement have been proposed by Zimmerman
and co-workers (8, 17). They proposed that an
unconstrained system (e.g. one having at least
one of the m-moieties capable of causing geo-
metric change via rotation) is capable of fast
deactivation of its triplet excited state. That de-
activation stops (or slows) rearrangement and
such a system therefore rearranges from the
singlet state only. A constrained di-t-methane,
being unable to deactivate as rapidly after inter-
system crossing, does rearrange from the triplet
state. It may or may not rearrange to the same
product from the singlet state, depending on
what other singlet reactions are possible.

At least one example has been reported of a
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system which undergoes di-nt-methane rearrange-
ment from both the singlet and the triplet
manifolds (20). Compound 1 appears to be
another system which behaves in that way.

We do not have an explanation for the appar-
ent failure of 1 and/or 2 to form bicyclo[2.1.0]
hex-2-enes [1] in the direct irradiation. For the
case of 1, the alternative di-nt-methane reaction
may simply be faster but that rationale is an
unlikely one for the case of 2, which does not
undergo di-n-methane rearrangement. One pos-
sibility is that some or all of the substituted
bicyclo[2.1.0]hex-2-enes [1] are simply too labile,
thermally, to accumulate to detectable con-
centration levels.

Experimental

Triphenylmethylcyclopentadienes (1 and 2)

Treatment of cyclopentadienyl magnesium bromide,
prepared from cyclopentadiene (10.0 g, 0.15 mol) and a
slight excess of ethylmagnesium bromide, with triphenyl-
chloromethane (26.0 g, 0.095 mol) as described in the
literature (3) afforded a mixture of 1 and 2 (11.5 g, 40%),
mp 197-199 °C after crystallization of the crude product
from benzene. The pmr spectrum consisted of signals at
8 2.89 (m), 3.03 (m), 6.08 (m), 6.10-6.39 (m), and 7.15 (s).
Integration of the signals at 2.89 and 3.03 3, attributable
to 1 and 2, respectively, gave the ratio 2:1 = 4.5.

Reaction with Tetracyanoethylene (6)

A mixture of 1 and 2 (2:1 ~ 4.5) (0.500 g, 1.62 mmol)
in dry benzene (8 ml) was added during 10 min to a
stirring solution of 6 (0.209 g, 1.63 mmol) in dry benzene
(7 ml), at 20 °C. After a further 20 min an aliquot was
removed and the solvent was evaporated from it at
reduced pressure. The pmr spectrum (CDCl;) had, in
addition to the signals listed below for 7, a signal at 2.89 &
but none at 3.03 8. An aliquot taken after 4 days did not
absorb at 2.89 &. Evaporation of the solvent from the
main reaction mixture at that time afforded a residue
which was recrystallized from benzene — petroleum ether
to yield 0.576 g (82%) of 7 as colorless crystals: mp,
decomposition at 206 °C; pmr (CDCl;, &) 2.38 (AB
quartet, 2H, J,p = 11.4 Hz, additional fine coupling,
Hj), 3.95 (m, 1H, H,), 4.44 (m, 1H, H,), 6.13 (m, 1H, H3),
7.05-7.40 (m, 15H); 13C nmr (CDCls;, 8, off resonance de-
coupled) 58.78 (d, C,), 55.88 (d, C,), 46.85 (s, Cs or Cy),
47.98 (s, Cg or Cs), 48.89 (t, C,), 109.82, 111.47, 112.06,
and 112.22 (s, CN), 63.39 (s, $3C). Anal. calcd. for
C30H,oN,: C 82.54, H 4.62, N 12.84; found: C 82.23,
H 4.85, N 12.99.

Direct Irradiation of 1 and 2

A Hanovia type L 450 W lamp was used in a water-
cooled, quartz immersion apparatus fitted with magnetic
stirrer and argon purging tubes. In a typical experiment,
the mixture of 1 and 2 (2.05 g, 6.7 mmol) in 400 ml of
cyclohexane (spectroquality, Matheson, Coleman and
Bell) was irradiated for 12 h. The solvent was distilled off
at reduced pressure and the orange residue was chroma-

tographed on silica gel (Woelm, activity grade 1, 2.2 X
33 cm column) using CCl, as eluant. Product 3, still
contaminated with a trace of starting material, was further
purified by preparative thin layer chromatography (silica
gel, 50:50 hexane-cyclohexane). Crystallization from
benzene gave 3 as colorless prisms: mp 108-109 °C;
molecular ion (m/e) 308; ir (CCl, and CS,) 3.27, 3.30,
13.21, 13.61, 13.87, 14.34, and 14.53 (strong), 3.24, 3.44,
6.28, 6.74, 9.38 and 9.80 (medium), 3.53, 7.04, 7.30, 7.48,
7.58,7.67,7.87,8.62,8.78,9.94, 10.72, 10.87, 10.99, 11.11,
12.69, and 12.85 um (weak). Anal. caled. for C,,Hso:
C 9346, H 6.54, found: C 93.18, H 6.50. The nmr
spectra of 3 are in Table 2.

Sensitized Irradiation of 1 and 2

The apparatus was the same as that described above
except for a Pyrex sleeve around the lamp. A solution of
1 and 2 (10.0 g, 29.2 mmol) and freshly-distilled aceto-
phenone (5.03 g, 41.8 mmol) in 500 ml of benzene was
irradiated for 12 h. Vacuum distillation of the solvent
and tlc of the residue showed four components, two of
which were acetophenone and starting material (1 and 2).
Column chromatography on neutral Alumina (80-200
mesh, Brockman, activity grade 1, 4.0 X 63 cm column)
with hexane-cyclohexane (50:50) separated 1 and 2
(together) from the other components. A second com-
ponent was eluted with 109, benzene — 90%, hexane, and
was followed by a fraction containing a third component
contaminated with the second. That fraction was re-
chromatographed on a 2.2 x 55 cm column to yield pure
third component.

Recrystallization of the second component from benzene
gave colorless prisms of 3, mp 108-109 °C, spectra as
described above. Recrystallization of the third component
from benzene gave granular crystals: mp 199-234 °C;
mw (osmometric) 616, mw (ms) 616 (parent ion). Ex-

~-amination of the crystals with a microscope (Kofler hot

stage) revealed two distinct types with sharp melting
points of 199 and 234 °C.
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La formation de biphénylenes par pyrolyse
de mélanges de précurseurs de benzynes
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ANDRE MARTINEAU et DON C. DEJONGH. Can. J. Chem. 55, 34 (1977).

Nous décrivons une nouvelle méthode d’obtention des biphénylénes substitués sur un cycle.
La pyrolyse en phase gazeuse de mélanges de précurseurs de benzynes appropriés est utilisée
pour ces synthéses. La rencontre de deux benzynes provenant de sources différentes conduit a
la formation des dits biphénylénes. Les divers composés sont sublimés dans un courant d’azote,
puis entrainés dans une colonne de quartz non garnie, chauffée extérieurement par un four.

La pyrolyse simultanée de la ninhydrine et de I’anhydride tétrachlorophtalique (rapport
molaire 2:1), a 800 °C, donne le tétrachloro-1,2,3,4 biphényléne avec un rendement de 31%,. La
pyrolyse du mélange anhydride phtalique — anhydride méthyl-4 phtalique, a 850 °C, conduit &
la formation du méthyl-2 biphényléne (rapport molaire 9:1) (16%,).

ANDRE MARTINEAU and Don C. DEJoNGH. Can. J. Chem. 55, 34 (1977).

A new method of forming biphenylenes substituted on one ring is described using gas-phase
pyrolysis of miixtures of precursors of appropriate benzynes. The reaction of two benzynes
coming from two different sources leads to the formation of the biphenylenes. The mixture of
compounds is sublimed into a current of nitrogen and led into an unpacked quartz column
heated externally by a furnace.

The simultaneous pyrolysis of ninhydrin and tetrachlorophthalic anhydride (molar ratio,
2:1) at 800 °C gives 1,2,3,4-tetrachlorobiphenylene in a 319 yield. The pyrolysis of a mixture
of phthalic anhydride and 4-methylphthalic anhydride at 850 °C leads to the formation of

2-methylbiphenylene (molar ratio, 9:1) (16%).

Introduction

Plusieurs méthodes d’obtention des biphény-
lénes sont connues dans la littérature; trois
d’entre elles sont retenues pour I'intérét qu’elles
ont suscité chez plusieurs chercheurs. La pre-
miére méthode fut proposée par Lothrop. Il
obtint le biphényléne (1) par distillation du
diiodo-2,2" biphényle sur de I’oxyde cuivreux (1).
Par la suite, certains biphénylénes substitués ont
été obtenus par cette méthode (2-7).

La deuxiéme méthode concerne la substitu-
tion électrophile sur le biphényléne. Un grand
nombre de biphénylénes nouveaux ont pu étre
obtenus de cette fagon (3, 8-10). Il faut cependant
noter que les régles de substitutions ne permet-
tent que la synthése de certains biphénylénes.

Vers 1965, certains chercheurs ont commencé &

'A qui toute demande d’information devra étre
adressée.

préparer le benzyne dans la phase gazeuse par
pyrolyse a haute température de produits sim-
ples. Brown et Solly ont fait la pyrolyse en phase
gazeuse de I'indanetrione (2) dans une colonne
de quartz garnie d’hélices de Pyrex (11, 12). A
600 °C sous une pression de 0.2 torr, ils ont
obtenu le biphényléne avec un rendement de 4097 ;
le biphényle, le naphtaléne, le fluoréne, le
phénanthréne, I'anthracéne et le triphényléne
furent aussi présents. La méme pyrolyse a 500 °C
a conduit a la formation du biphényléne (17%),
de la benzocyclobuténedione (3) (119) et de la
fluorénone (4) (1.2%) [1].

(6]
500 °C

1
[ 0.3 torr

2

OO+ O+ OO0

1(179%) 3 (1t1%) 4(1.2%)
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D’autre part, Cava et al. ont entrepris la pyro-
lyse des anhydrides phtalique (5), tétrachlo-
rophtalique (6) et tétrabromophtalique (13). Les
pyrolyses furent faites dans un courant d’azote,
les anhydrides étant entrainés sur un fil de
Nichrome chauffé & 800 °C. Pour la pyrolyse de
l’anhydride phtalique (5), un rendement de
biphényléne situé entre 10 et 159, basé sur
I’anhydride non récupéré (33%, récupéré), fut
obtenu. La pyrolyse de I’anhydride tétrachlo-
rophtalique (6) dans les mémes conditions a con-
duit a la formation de I’hexachlorobenzéne (7)
(34%) et de I’octachlorobiphényléne (8) (30%),
éq. 2. Enfin, la pyrolyse de I’anhydride tétra-
bromophtalique n’a conduit qu’a la formation
de I’hexabromobenzéne (20%,).

Cl |0|
Cl C, 800 °C
[2] o
al C 50 torr
&
6
Cl Cl Cl
Ci cl Cl Cl
+ QO
cl cl  Cl Cl
Cl Cl Cl
7(34%) 8 (30%)

Brown et coll. ont aussi fait la pyrolyse de
I’anhydride phtalique (14, 15). Leur pyrolyse a

été faite dans une colonne non garnie, & 760 °C,

sous une pression de 0.3 torr, et a conduit a la
formation du biphényléne (9%), du triphényléne
(1.5%) et de petites quantités de naphtaléne, de
biphényle et de fluoréne; 719, du produit de
départ a été récupéré. A 830 °C, dans les mémes
conditions, le rendement de biphényléne monte
a 179 et les produits mineurs sont presque
absents.

La pyrolyse de certains anhydrides phtaliques
substitués a été faite et les biphénylénes corres-
pondants ont été obtenus (15). Ainsi furent
obtenus le dichloro-2,6 (15%), le tétrachloro-
2,3,6,7 (6.5%), le tétrachloro-1,4,5,8 (4%), I’octa-
chloro (8) (26%) et le tétraméthyl-2,3,6,7 (3%)
biphényléne. D’autre part, parmi les composés
polycarbonylés, la pyrolyse de I’anhydride
o-sulfobenzoique (15) a été faite. A 730 °C, dans
une colonne garnie de tubes de quartz, le bi-
phényléne a été obtenu; un rendement de 5.5% a
été calculé.

On trouve dans la littérature d’autres prépara-
tions de biphénylénes par pyrolyse de composés
précurseurs de benzyne ou du diradical-2,2’
biphényle (16-21). Par exemple, la pyrolyse du
dioxyde-1,1 de méthyl-5 benzothiadiazole (9)
conduit & la formation des diméthyl-2,6 (10) et
diméthyl-2,7 (11) biphénylénes (17), [3]. Aussi,
Adger et al. ont fait la pyrolyse de benzo-
triazines-1,2,3 (21). Ils pensaient obtenir les ben-
zazétes correspondants, mais ont obtenu le
biphényléne.

o)
Y%
SN - SO,
[3] //N — S [ —
CH; N 2 CH

9
CH; CH, CH;3
Re=g
CH;

10 11

Fields et Meyerson ont fait la pyrolyse de
plusieurs anhydrides aromatiques et hétéro-
cycliques, dans le benzéne et la pyridine (22). La
formation de produits formés par réaction des
benzynes avec le solvant a été constatée.

Parmi les différentes méthodes énumérées
jusqu’ici impliquant la pyrolyse en phase
gazeuse, on remarque que toutes impliquent la
décomposition d’un seul composé a la fois. Ceci

_.a pour effet de conduire & la formation du bi-

phényléne, quand le produit de départ n’est pas
substitué, et, dans le cas contraire, a la formation
de biphénylénes substitués symétriquement sur
les deux cycles.

Partant de ce que l’obtention des différents
biphénylénes se fait par un intermédiaire ben-
zyne, nous nous sommes proposés d’obtenir
certains biphénylénes substitués sur un cycle par
pyrolyse de mélange de diverses sources de
benzyne et de benzynes substitués.

Partie théorique

Notre démarche nous a d’abord conduit a
examiner deux sources de benzyne: les pyrolyses
de I’anhydride phtalique (5) et de la ninhydrine
(12) ont été faites a différentes températures avec
notre appareillage. Nous avons ensuite entrepris
la pyrolyse de deux anhydrides phtaliques sub-
stitués; dans un premier cas, les halogénes sont
utilisés comme substituants et, dans 'autre, un
groupement aliphatique. Ainsi, les pyrolyses des
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anhydrides tétrachlorophtélique (6) et méthyl-4
phtalique (13) ont été faites pour examiner leur
comportement individuel avec la chaleur. En
dernier lieu, la pyrolyse d’un mélange composé
de ninhydrine et d’anhydride tétrachlorophta-
lique a été entreprise d’une part et, d’autre part,
la pyrolyse du mélange anhydride phtalique -
anhydride méthyl-4 phtalique. La pyrolyse se
produit dans un courant d’azote; les produits
sont condensés dans une série de trappes refroi-
dies et, par la suite, sont analysés dans la plupart
des cas par cpg.

Sources de benzyne

Nous avons décidé de réexaminer le comporte-
ment de 'anhydride phtalique (5) avec la chaleur
dans les conditions dictées par notre appareillage.
La pyrolyse du composé 5 a été faite a différentes
températures. Les produits obtenus a 825°C
sont des traces de naphtaléne et de fluoréne, le
biphényléne (5%;) et de ’anhydride phtalique ré-
cupéré. Ceci représente le meilleur rendement de
1 que nous ayions obtenu a partir de 5 seul. Donc
nos résultats montrent des rendements de bi-
phényléne assez faibles. L’augmentation de la
température de pyrolyse fait se consommer plus
de produit de départ, sans pour autant augmenter
de fagon appréciable les rendements de 1. D’au-
tre part, les rendements de 1 sont plus petits que
ceux obtenus (15%) par Cava et al. 4 800 °C avec
le fil de Nichrome (13).

Comme deuxiéme source de benzyne, nous
avons examiné la pyrolyse de-la ninhydrine (12).
On trouve dans la littérature la pyrolyse du com-
posé 12 sous sa forme déshydratée (indanetrione-
1,2,3 (2)), (11, 12). Nous avons tout de méme
pyrolysé le composé 12, en supposant que la
déshydratation se ferait “in situ” et que ’eau
ainsi formée ne génerait pas la formation du
biphényléne.

A 700 °C, le composé 1 uniquement est obtenu
(40%), tandis qu’a 800 °C, c’est encore le seul
produit obtenu mais son rendement diminue
(32%). Lorsque la pyrolyse est faite a 600 °C,
deux produits sont présents: le composé 1 avec
un rendement de 199, inférieur a ce qu’il est a
700 °C, et la benzocyclobuténedione (3) (39%).
Dans chacun des cas, aucun produit de départ
n’est récupéré. Ceci est en accord avec les résul-
tats obtenus par Brown et Solly (11, 12).

Sur la base de ces résultats, il ressort que la
ninhydrine (12) est un meilleur précurseur de
benzyne que l’anhydride phtalique (5) dans le

cas de notre appareillage. De plus, la pyrolyse du
composé 12 se fait a des températures plus
basses et avec une efficacité plus grande, si I'on
tient compte du produit de départ récupéré.
Etant donné ces résultats, le plus grand intervalle
de température dans lequel le composé 12 se
pyrolyse peut étre une variable importante dans
la pyrolyse de mélanges.

Pyrolyse des anhydrides substitués

La pyrolyse de I’anhydride tétrachlorophta-
lique (6) est déja connue dans la littérature (13,
15). Dans un premier cas, un fil de Nichrome
chauffé a 800°C est utilisé (13). Les produits
obtenus sont 1’hexachlorobenzéne (7) et I’octa-
chlorobiphényléne (8) avec des rendements
respectifs de 349 et 30%,. Dans un autre cas, la
pyrolyse a été faite & 700 °C avec une colonne de
quartz garnie (15). Les mémes produits sont
obtenus; des rendements respectifs de 319 et
26%, ont été calculés pour les composés 7 et 8.
Avant de faire la pyrolyse de mélange impliquant
la ninhydrine et I’anhydride tétrachlorophtalique,
nous avons voulu refaire la pyrolyse du composé
6 pour vérifier si les mémes produits sont ob-
tenus dans les conditions dictées par notre
appareillage.

La pyrolyse du composé 6 a été faite a 800 °C.
Les produits obtenus les plus importants sont
I’hexachlorobenzene (7, 449,) et I'octachloro-
biphényléne (8, 329]). Les produits mineurs
sont le pentachlorobenzéne (3%,) et le décachloro-
biphényle (3%).

Un deuxiéme anhydride substitué a été exami-
né; le choix de I’anhydride méthyl-4 phtalique
(13) a été fait. Nous voulions voir si la différence
des substituants pouvait faire varier les condi-
tions d’obtention des biphénylénes substitués
sur un cycle. La démarche entreprise pour
I’anhydride tétrachlorophtalique a été utilisée a
nouveau. Une pyrolyse du composé 13 seul a été
faite pour voir si le biphényléne correspondant
était obtenu. Le choix de la température a été
fait par analogie avec les résultats obtenus pour
les pyrolyses des composés 5 et 6.

Ainsi, la pyrolyse de ’anhydride 13 a été faite
a 825 °C. A cette température, une grande partie
du produit de départ est récupérée. Le diméthyl-
biphényléne a, d’autre part, été obtenu. La pyro-
lyse du dioxyde-1,1 de méthyl-5 benzothia-
diazole (9) passe par le méme intermédiaire,
méthyl-4 benzyne, que dans notre cas et conduit
a la formation des composés 10 et 11 (17). Sur
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cette base, nous supposons que ces deux iso-
meres sont aussi présents dans nos produits de
pyrolyse. De plus, le diméthylfluoréne a été
obtenu. Sur la méme base que précédemment,
nous présumons que trois isomeres sont présents.
Aucune détermination des quantités de produits
n’a été faite, puisque le but de cette pyrolyse
était de voir si le biphényléne attendu était
formé. Cependant, on remarque en plus d’une
grande récupération du produit de départ qu’on
obtient d’aprés le chromatogramme, une quan-
tité relativement grande de diméthylbiphényléne.
Les quantités relatives de diméthylfluoréne sont
plus petites.

Compte tenu que les biphénylénes désirés ont
été formés, nous avons été encouragés a faire les
pyrolyses de mélanges. Les températures utili-
sées, 800 °C pour le composé 6 et 825°C pour
I’anhydride 13, serviront de base pour les pyro-
lyses de mélanges.

Pyrolyse des mélanges

Notre premiére préoccupation dans la pyro-
lyse des mélanges est de trouver les conditions
de température maximales pour I'obtention des
biphénylénes substitués sur un cycle. Concernant
la synthése du tétrachloro-1,2,3,4 biphényléne
(14), nous nous sommes basés sur les résultats
obtenus pour les pyrolyses des composés seuls.
Les rendements élevés du biphényléne dans la
pyrolyse de la ninhydrine a 700 et 800 °C, et

I'absence de Panhydridz tétrachlorophtalique

récupéré dans la pyrolyse de ce dernier a 800 °C,
nous ont conduits a faire la pyrolyse du mélange
de ces composés a 800 °C. Des pyrolyses qualita-
tives ont cependant été faites pour s’assurer de
la validité de notre choix. Des quantités relatives
maximums du composé 14 sont obtenues pour
des températures de pyrolyse de 750 et 800 °C.
On note cependant a 750°C la présence de
Panhydride tétrachlorophtalique dans les pro-
duits de-pyrolyse; a 800 °C, aucune quantité de
composé 6 n’est récupérée. La pyrolyse quanti-
tative du mélange des composés 6 et 12 a donc
été faite a 800 °C (voir tableau 1).

Une investigation sur le rendement du com-
posé 14 en fonction des proportions relatives de
chacun des composés de départ a été faite. Des
mélanges de composés 6 et 12 ont été pyrolysés a
800 °C avec des rapports molaires respectifs de
1:2,de 1:3 et de 1:9; les résultats sont résumés
dans le tableau 1. Parmi les produits obtenus, les
plus importants sont le biphényléne (1) et le

tétrachloro-1,2,3,4 biphényléne (14). Les pro-
duits mineurs sont le tétrachloro-1,2,3,4 naphta-
léene (15), loctachlorobiphényléne (8) et le
décachlorobiphényle. Ces produits sont en accord
avec les résultats attendus (schéma 1).

Uniquement les rendements des produits 1 et
14 ont été calculés. Bien qu’aucune détermina-
tion précise de la quantité de tétrachloro-1,2,3,4
naphtaléne (15) n’ait été faite, elle est apparue
environ six fois plus petite que la quantité de
produit 14, indépendamment du rapport des
composants du mélange.

On note que le rendement de biphényléne
augmente avec la quantité de ninhydrine initiale-
ment pesée. D’autre part, on constate que le
rendement de tétrachloro-1,2;3,4 biphényléne
(14) ne varie pas avec le pourcentage de nin-
hydrine employée.

On note dans la pyrolyse d’un méme mélange,
un certain écart dans la reproductibilité des
résultats. Nous sommes portés a croire que le
facteur responsable de ces différences est la sub-
limation individuelle des composés formant le
mélange. La synthése du tétrachloro-1,2,3,4
biphényléne implique la rencontre de benzynes
provenant de sources différentes et une variation
dans la sublimation aura un effet sur les rende-
ments des produits obtenus. Cet effet est di a
ce que les composés formant le mélange ne se
subliment pas a la méme température.

Quand nous avons entrepris la pyrolyse d’un
mélange conduisant a la formation du méthyl-2
biphényléne (16), nous nous sommes d’abord
intéressés a la température a laquelle il faudrait
pyrolyser ce mélange. La ninhydrine (12) s’étant
avérée une meilleure source de benzyne que
I’anhydride phtalique dans nos pyrolyses préli-
minaires, nous avions pensé I'utiliser & nouveau
dans la pyrolyse impliquant I’anhydride méthyl-4
phtalique (13). Le choix de la température pour
la pyrolyse du mélange ninhydrine — anhydride
méthyl-4 phtalique a été fait sur la base des
résultats obtenus pour les pyrolyses des com-
posés seuls. La présence satisfaisante des di-
méthylbiphénylénes dans les produits de la
pyrolyse du composé 13 a 825 °C et le rendement
important de biphényléne (329)) dans la pyrolyse
du composé 12 a 800 °C nous ont conduits a
pyrolyser le mélange de ces deux composés a
825°C.

En se basant sur les résultats obtenus dans la
section précédente, la quantité de ninhydrine
employée dans une premiére pyrolyse a été mise
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TABLEAU 1. Pyrolyses du mélange ninhydrine (12) — anhydride
tétrachlorophtalique (6)*

Rapport Rendement de Rendement de
6(mg) 12 (mg) molaire 1(%) 14 (%)
288.3 360.7 1:2 20 20
284.4 356.2 1:2 17}21i4 38}31i9
286.0 355.7 1:2 25 34
284.1 533.9 1:3 26 24
284.1 533.5 1:3 39}37110 37}29i7
284.2 534.1 1:3 46 27
143.4 802.1 1:9 47 31
142.4 800.7 1:9 63}60i 12 38}33i5
142.4 800.7 1:9 71 29

*Les pyrolyses ont été faites a 800 °C, sous une pression de 0.2 torr avec un

débit d’azote de 90 ml/min.
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SCHEMA 1

au double de celle de 'anhydride. L’analyse des
produits de pyrolyse a montré la présence d’une
faible quantité de méthyl-2 biphényléne. Aucune
étude quantitative n’a été faite dans ce cas. Nous
avions noté, au cours de la pyrolyse, que I’anhy-

dride 13 se sublimait en premier et que le com-
posé 12 (aprés déshydratation “in situ”) se sub-
limait beaucoup plus tard. Cette observation
expliquait en quelque sorte pourquoi si peu de
méthyl-2 biphényléne avait été formé.
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TABLEAU 2. Pyrolyse du mélange anhydride phtalique (5) ~ anhydride méthyl-4
phtalique (13)*

Récupéré (%) Rendements (%)
Rapport
5 (mg) 13 (mg) molaire 5 13 17 161§ 10 + 11%
665.7 243.5 3:1 15 2 15 11 10
677.9 247.7 3:1 35 6 17 9 21
999.8 123.8 9:1 8 Trace 32 16 7
1002.6 123.6 9:1 14 Trace 15 16 10
*Ces pyrolyses ont été faites & 850 °C sous une pression de 0.2 torr avec un débit d’azote de

90 ml/min.
tCes rendements sont basés sur les quantités d’anhydride phtalique non récupérées.
1Ces rendements sont basés sur les quantités d’anhydride méthyl-4 phtalique non récupérées.
§Les temps de rétention du fluoréne, formé dans les pyrolyses conduisant au benzyne (11,
12, 15) et de 16 se recouvrent sur plusieurs colonnes.
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SCHEMA 2

Les contraintes de la sublimation des produits
de départ nous ont conduits a remplacer la nin-
hydrine dans le mélange par I’anhydride phta-
lique. De nouvelles conditions de température
ont dii étre choisies. Les grandes quantités de
produit de départ récupéré dans les pyrolyses
séparées des anhydrides 5 et 13 a 800 et 825°C
nous ont amenés a penser que la pyrolyse devrait
se faire & une température supérieure; une tem-
pérature de 850 °C a été choisie. On avait con-
staté, dans la pyrolyse du composé 5 a 850 °C,
que le rendement de biphényléne était le méme
que celui obtenu a 825°C; de plus, la quantité
d’anhydride récupéré avait grandement diminué
en passant d’une température a ’autre.

La pyrolyse du mélange anhydride phtalique -
anhydride méthyl-4 phtalique a été faite a 850 °C
et les deux anhydrides ont été pesés pour qu’un
rapport molaire de ceux-ci soit de 3:1 respective-
ment; les résultats sont résumés dans le tableau
2. Les produits obtenus sont le biphényléne (1),
le méthyl-2 biphényléne (16) et un mélange de
diméthyl-2,6 (10) et diméthyl-2,7 (11) biphény-
lénes. Certaines quantités des deux produits de
départ ont été récupérées. Les produits sont en
accord avec les résultats attendus (schéma 2).

Dans cette derniére pyrolyse la quantité de
diméthylbiphényléne est relativement grande par
rapport a celle du méthyl-2 biphényléne. C’est
pourquoi nous avons fait une pyrolyse ou les
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deux composants du mélange sont présents dans
un rapport molaire de 9:1. Les mémes produits
sont obtenus mais avec des rendements différents;
les résultats sont résumés dans le tableau 2.

Conclusions

La synthese des biphénylénes substitués sur un
cycle implique la rencontre de benzynes pro-
venant de sources différentes. Partant de ce fait,
il est important que les deux produits de départ
entrent dans la zone de pyrolyse en méme temps,
comme mis en évidence avec la pyrolyse du
mélange impliquant ’'anhydride méthyl-4 phta-
lique. Quand la ninhydrine est employée pour
I'obtention du méthyl-2 biphényléne, le trop
grand écart dans les températures de sublimation
des deux produits fait que ceux-ci entrent suc-
cessivement dans la zone de pyrolyse. De ce
fait, la différence des températures de sublima-
tion des produits formant le mélange est plus
importante que le rendement des produits atten-
dus dans les pyrolyses individuelles.

D’autre part, on a pu remarquer avec les résul-

tats obtenus pour les pyrolyses de chaque mé-

lange que dans le premier cas, le rendement du bi-
phényléne substitué sur un cycle ne dépend pas
du rapport molaire des deux composants du
mélange et que dans l'autre cas, ce rendement
varie avec le rapport molaire des deux anhydrides
de départ. Nous pensons que le facteur impor-
tant est I'efficacité de la source de benzyne a se
fragmenter dans la zone de pyrolyse. En effet,
dans le cas ou la ninhydrine est employée, la frag-
mentation efficace de cette derniére fait que la
concentration de benzyne présent dans la zone
de pyrolyse est grande méme si peu de ninhydrine
est employé. Dans le cas ou I"anhydride phtalique
est utilisé, il faut une quantité plus grande de ce
dernier pour que la méme quantité de benzyne
obtenue avec une quantité moindre de ninhy-
drine soit présente dans la zone de pyrolyse.
Somme toute, la méthode que nous avons
décrite comporte des avantages et des désavanta-
ges. Les principaux avantages de notre méthode
sont qu’elle utilise comme source de benzynes
des produits commerciaux facilement accessibles
et que la synthése des biphénylénes substitués
sur un cycle se fait en une étape. Pour ces rai-
sons, si ’on considére en plus les rendements,
notre méthode est plus avantageuse que celle
proposée par Lothrop (1, 2). Un des principaux
désavantages de la méthode est qu’il nous est
impossible d’utiliser des anhydrides phtaliques

dont le substituant se décompose pendant la
pyrolyse; ainsi les anhydrides portant un groupe-
ment nitro ne pourront étre utilisés.

Les contraintes de notre montage font que
seulement 1 a 2 g de mélange peuvent étre pyro-
lysés a la fois. Ainsi 'obtention d’une grande
quantité de produit nécessite plusieurs pyrolyses.
Pourtant, nous n’avons pas essayé de construire
un appareillage a plus grande échelle.

En conclusion, ce travail a permis d’obtenir
des biphénylénes substitués sur un cycle et a
permis d’ouvrir la voie pour de nouvelles syn-
théses de biphénylénes.

Partie expérimentale

Les spectres de masse ont été pris a basse résolution
sur un appareil Hitachi modéle RMU-6D vendu par la
compagnie Perkin-Elmer et/ou un appareil de la com-
pagnie Associated Electrical Industries (A.E.I.) modéle
MS-902.

Les points de fusion ont été mesurés a I’aide d’un
appareil Buchi et/ou Mel-Temp; les valeurs rapportées ne
sont pas corrigées.

Les spectres de résonance magnétique nucléaire du
proton ont été pris sur un spectrometre Brucker de 90
MHz, modéle WH-90 fonctionnant par transformée de
Fourier.

Les spectres ultraviolets ont été enregistrés sur un
appareil Cary, modéle 14 et/ou 17.

Les analyses par chromatographie en phase gazeuse
(cpg) ont été faites par un appareil de la compagnie
Hewlett-Packard modeéle 5750. Cet appareil contient deux
colonnes et est muni d’un systéme de programmation de

‘température. Dans la plupart de nos analyses, une colonne

de cuivre mesurant 9 pieds de longueur par 0.25 po de
diametre est utilisée. Le garnissage de la colonne consiste
en du SE-54, 109, sur Chromosorb W. Une programma-
tion de 6 °C/min de 90 & 270 °C est utilisée. Dans certains
cas, une colonne mesurant 6 pieds de longueur, contenant
du SE-30, 109, sur Chromosorb W a été nécessaire. La
programmation employée est la méme que précédem-
ment.

Produits

L’anhydride phtalique provient de la compagnie
Matheson, Coleman et Bell. Avant son utilisation, il a été
purifié par cristallisation dans un mélange benzéne—
éthanol. La ninhydrine a été achetée de la compagnie
Pierce Chemical; les anhydrides tétrachlorophtalique et
méthyl-4 phtalique proviennent de la compagnie Eastman
Kodak; aprés vérification de leur pureté, ils ont été
utilisés comme tels.

Montage et procédure

Le montage pour la pyrolyse et la procédure ont déja
été décrits précédemment (23). Le produit ou le mélange
de produits est d’abord sublimé dans un courant d’azote,
puis entrainé sous forme vapeur dans une colonne de
quartz de ~60 cm, dont la zone chauffée par un four
extérieur mesure 30 cm. La vitesse d’entrée du produit
dans la zone chauffée est réglée par un débitmétre. Un
vide de 'ordre de 0.1 torr est maintenu. Les produits
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formés sont condensés dans une série de trappes. La
colonne et les trappes sont par la suite lavées. La solution
provenant du lavage est concentrée, placée dans un ballon
jaugé de 25 ml et le volume total est amené jusqu’a la
ligne de jauge. Les produits obtenus sont dans la plupart
des cas séparés par cpg. Leurs rendements sont déterminés
en comparant les surfaces sous la courbe du chromato-
gramme des produits de pyrolyse avec les surfaces des
pics de composés standards de concentrations connues.

Sources de benzynes

Dans les pyrolyses de ’anhydride 5 et de la ninhydrine,
le chloroforme et ’acétone ont été utilisés pour le lavage
des trappes. Les analyses de la solution de chaque
pyrolyse ont été faites par cpg en utilisant une colonne de
SE-54, 109 sur Chromosorb W mesurant 9 pieds. Une
programmation de 6 °C/min a partir de 90 jusqu’a 270 °C
a été utilisée.

Dans la pyrolyse de I’anhydride phtalique, le chroma-
togramme montre la présence de trois produits dont deux
d’entre eux sont I’anhydride phtalique et le naphtaléne;
ils ont été identifiés par leur spectre de masse (24, 25) et
par leur temps de rétention qui sont identiques a ceux
d’échantillons commerciaux.

Le troisiéme produit, un solide jaune, a été identifié
comme €tant le biphényléne. Le spectre de masse obtenu
donne la fragmentation suivante: m/e (%) 153(13.7),
152(100), 151(15.1), 150(11.7), 126(6.4), 76(14.9), 75(5.7),
74(4.8), 63(9.4) (litt. (26) m/e (%) 153(14.0), 152(100.0),
151(18.0), 150(10.0), 126(7.1), 76(9.1), 75(4.9), 74(4.5),
63(6.0)). Un spectre ultraviolet qualitatif a été enregistré
et les absorptions suivantes ont été obtenues: Ampax
(MeOH) nm 239, 247, 327, 330, 339, 348 et 358 (litt. (3)
(EtOH) 239, 248, 326, 330, 339, 343, 348, et 358). Une
trace de fluoréne a aussi été détectée.

Dans la pyrolyse de la ninhydrine a 700 et 800 °C,
uniquement le biphényléne a été obtenu; il a été identifié
par ses spectres de masse et ultraviolet. A 600 °C, en plus
du biphényléne, est présente la benzocyclobuténedione.
Le spectre de masse de ce dernier donne les pics suivants:
mfe (%) 133(1.6), 132(16.3), 105(8.0), 104(78.3), 78(5.4),
77(12.4), 76(100.0), 75(10.1), 74(16.3), 73(7.7), 50(45.7).
Le spectre ultraviolet qualitatif du méme composé donne
les absorptions suivantes: Apn.x (MeOH) 224, 247, 284,
291, 299 (litt. (12) 225, 286, 292, 301; litt. (27) 220, 286,
292, 301).

Pyrolyse des anhydrides substitués

Pyrolyse de I’anhydride tétrachlorophtalique

Dans la pyrolyse de I’anhydride tétrachlorophtalique,
le benzéne et 1’acétone ont été utilisés comme solvants
pour le lavage des trappes. L’analyse de la solution de
pyrolyse par cpg a été faite sur une colonne de SE-54,
10%,, sur Chromosorb W mesurant 9 pieds, dans les
mémes conditions de programmation que précédemment.

Le chromatogramme obtenu montre la présence de
deux produits dont I’hexachlorobenzéne; pf 227 °C (litt.
(28) pf 230 °C). Le spectre de masse d’un échantillon de
ce composé a été enregistré a 70 eV ; il est comparable a
celui trouvé dans la littérature (29). Une série de pics dont
les valeurs de m/e sont situées entre 282 et 292 correspond
a I’ion moléculaire et ses pics isotopiques. Le calcul des
intensités relatives des pics isotopiques de I’ion molécu-
laire montre que le composé posséde 6 atomes de chlore
(30). Le méme calcul fait pour les ions fragments indique
la perte respective de 1, 2 et 3 atomes de chlore.

Le second produit est le pentachlorobenzéne; pf 85 °C
(litt. (31) pf 86 °C). Le spectre de masse de ce composé, un
solide de couleur blanche a été pris a 70 eV. Une série de
pics dont les valeurs sont situées entre 248 et 256 corres-
pond a I’ion moléculaire et ses pics isotopiques. Le calcul
des intensités relatives des pics isotopiques de 1’ion molé-
culaire montre que le composé posséde 5 atomes de chlore
(30). Les autres séries de pics correspondent a la perte
respective de 1, 2, 3 et 4 atomes de chlore.

La prise de spectres de masse du mélange de pyrolyse,
en fonction de la température, nous a permis de détecter
la présence de I’octachlorobiphényléne et du décachloro-
biphényle.

Par la suite, nous avons fait la sublimation du mélange
des produits de pyrolyse. Apres avoir chauffé le mélange
a 90 °C sous la pression atmosphérique, une premiére
fraction contenant ’hexachlorobenzéne et le pentachloro-
benzéne a été recueuillie. Le poids de cette fraction a été
déterminé et les quantités respectives de chacun des com-
posés ont été trouvées par calcul du rapport des surfaces
sous la courbe du chromatogramme. Le résidu a été par
la suite sublimé & 120 °C sous une pression de 0.6 torr;
une deuxieéme fraction contenant 1’octachlorobiphény-
léne et le décachlorobiphényle a été recueuillie.

Le spectre de masse de la deuxiéme fraction a 70 eV
montre la présence d’une série de pics entre m/e 424 et 434
ainsi qu’entre m/e 494 et 506. L’intensité relative des deux
massifs varie avec le temps indiquant la présence de deux
produits. Le spectre ultraviolet de cette fraction donne
les absorptions suivantes: Am., (dioxanne) nm 224, 243,
265, 278, 288, 302, 324, 333, 350, 370, 392, 425, 450. Le
spectre ultraviolet de 1’octachlorobiphényléne est donné
dans la littérature (13): Amax (dioxanne) 225, 243, 268,
279, 290, 354, 375, 393, 428, 452. De méme le spectre
ultraviolet du décachlorobiphényle est connu (32):
Amax (isooctane) nm 280, 292, 301. :

Les quantités relatives de ’octachlorobiphényléne et du
décachlorobiphényle ont été calculées par spectrométrie
de-masse a 11 eV. La méthode consiste a enregistrer des
spectres de masse du mélange a 11 eV a partir du-moment
de son introduction dans I’appareil jusqu’a disparition
presque compléte des pics de chaque composé; I’étape
suivante consiste a faire un graphique donnant I’intensité
des ions en fonction du temps et ceci pour chaque produit.
Etant donné que le nombre d’atomes de chlore dans
chaque molécule est différent, nous avons additionné les
intensités de tous les pics formant chaque massif pour fin
de comparaison. Le rapport des quantités respectives est
de 9:1 pour l’octachlorobiphényléne et le décachloro-
biphényle respectivement.

Pyrolyse de I’anhydride méthyl-4 phtalique

La pyrolyse de I’anhydride méthyl-4 phtalique a été
faite & 825 °C, avec un débit d’azote de 90 ml par min,
sous une pression de 0.3 torr. Le benzéne et I’acétone ont
été utilisés comme solvants pour le lavage des trappes. Les
analyses de cpg ont été faites en utilisant une colonne de
SE-54, 107, sur Chromosorb W; les conditions de pro-
grammation sont les mémes que précédemment.

Le chromatogramme montre la présence de trois pro-
duits. Le premier composé est l'anhydride méthyl-4
phtalique; son pf est de 88 °C (litt. (33) pf 88.5-89 °C).
Le spectre de masse de ce composé pris a 20 eV montre
trois pics; m/e (%) 162(23.3), 118(100), 90(27.8). Le spectre
de masse pris a 70 eV donne la fragmentation suivante:
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m/e (7)) 163(1.8), 162(16.1), 119(8.8), 118(100.0), 91(5.6),
90(67.1), 89(48.4), 88(0.6), 87(1.1), 86(1.6), 85(1.2),
77(0.6), 76(0.2), 75(1.2), 74(2.4), 73(0.5), 64(6.3), 63(22.1),
62(9.6), 61(2.9), 51(4.2), 50(7.9).

Le deuxiéme produit est le diméthylbiphényléne. Un
spectre de masse de ce produit a été enregistré a 70 eV:
mle (%) 181(14.3), 180(100.0), 179(30.0), 178(24.4),
177(7.0), 176(8.7), 166(11.1), 165(58.5), 164(4.2), 163(6.6),
162(6.3), 90(18.8), 89(27.2), 88(9.8), 87(5.6), 86(3.5),
64(3.9), 63(15.7), 62(5.9). Le spectre de rmn montre un
singulet & § 2.15 ppm (6H) et un singulet élargi & 5 6.50
(6H). Le spectre de rmn du diméthyl-2,7 est connu dans
la littérature (34); les protons des groupes méthyle
apparaissent a & 2.12 ppm, tandis que les protons aroma-
tiques apparaissent a4 8 6.50 ppm. Nous croyons que les
deux isoméres sont présents et que la grande symétrie
de ceux-ci ne nous permet pas de les différencier dans le
mélange par la spectroscopie de rmn.

Le troisiéme composé a été identifié comme étant le
diméthylfluoréne par son spectre de masse et par analogie
avec les pyrolyses de composés similaires trouvées dans la
littérature (11, 12, 15) (trois isoméres sont attendus). Le
spectre de masse de ce composé a été enregistré a 70 eV:
mle (%) 195(17.3), 194(100.0), 193(15.0), 192(5.3), 191(7.5),
190(3.0), 189(9.0), 180(23.3), 179(95.5), 178(35.3), 177(7.5),
176(8.3), 166(3.8), 165(12.8), 164(3.0), 163(3.8), 162(3.0).

Pyrolyse des mélanges:

Pyrolyse du mélange ninhydrine — anhydride tétrachloro-

Dphtalique

Dans la pyrolyse des mélanges ninhydrine — anhydride
tétrachlorophtalique, le benzéne et Pacétone ont été uti-
lisés comme solvants pour le lavage des trappes. Les
analyses par chromatographie en phase gazeuse ont été
faites en utilisant une colonne de SE-54, 10%, sur Chro-
mosorb W mesurant 9 pieds de longueur.

Des pyrolyses qualitatives de mélanges ont ét¢ faites a-

différentes températures selon la procédure décrite plus
haut. L’analyse des chromatogrammes obtenus _pour
chaque pyrolyse par comparaison des surfaces sous la
courbe montre que la température de choix est 800 °C.

Dans les pyrolyses quantitatives, le chromatogramme
obtenu par injection d’une quantité de chaque solution
montre la présence de trois produits; leur temps de réten-
tion respectif est de 18.7, 28.7 et 32.4 min. Le second
composé est présent en faible quantité; donc, apres identi-
fication des trois composés uniquement les rendements
des deux autres produits ont été déterminés (voir tableau
1).

Le premier composé a été identifié comme étant le
biphényléne par ses spectres de masse et ultraviolet. Le
second composé, un solide blanc, a été identifié comme
étant le tétrachloro-1,2,3,4 naphtaléne. Le point de
fusion d’un échantillon collectionné du chromatographe
en phase gazeuse est voisin de celui trouvé dans la
littérature: 196 °C (litt. (35) pf 200-201 °C); le spectre de
masse de ce composé montre une série de pics entre m/e
264 et 270 qui correspond a I’ion moléculaire et ses pics
isotopiques. Trois autres séries de pics sont obtenus par
perte successive de 1, 2 et 3 atomes de chlore. Enfin, ily a
deux séries de pics débutant a m/e 132 et 97 correspondant
aMhrt et (M — Cly)t .

Le troisitme composé est le tétrachloro-1,2,3,4 bi-
phényléne; pf 175 °C (litt. (36) pf 176 °C). Son spectre de
masse a été enregistré a 70 eV. Une série de pics entre m/e
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288 et 294 correspond a Iion moléculaire et ses pics
isotopiques. Un calcul de lintensité relative de cette
série de pics montre que le composé contient quatre
atomes de chlore: trouvé, m/e (%) 288(80.0), 290(100.0),
292(47.0), 294(10.3), calculé (30), m/e (%), 288(77.16),
290(100.0), 292(48.60), 294(10.50). Le reste du spectre a
la méme allure que celui du tétrachloro-1,2,3,4 naphta-
léne; les trois séries de pics suivant I’ilon moléculaire cor-
respondent respectivement 4 (M — CD*, (M — 2CD)*
et (M — 3Cl)*. Les deux derniéres séries correspondent
a (M)** et (M — 2Cl)**. Un spectre ultraviolet quali-
tatif du méme composé a été enregistré: Ay.x (MeOH) nm
256 ép., 263, 335, 352 ép, 355, 371, (litt. (36) Amax (EtOH)
nm 258 ép., 265, 339, 353 ép, 357, 375).

Pyrolyse du mélange anhydride phtalique — anhydride

méthyl-4 phtalique

Au départ, des pyrolyses qualitatives de mélange impli-
quant la ninhydrine et ’anhydride méthyl-4 phtalique ont
été faites. Aprés avoir remarqué la formation d’une faible
quantité de méthyl-2 biphényléne, nous avons abandonné
la pyrolyse de ce mélange. Aucune étude quantitative n’a
été faite dans ce cas. Par la suite, nous avons remplacé
la ninhydrine par ’anhydride phtalique.

Dans la pyrolyse du mélange anhydride phtalique —
anhydride méthyl-4 phtalique, le benzéne et ’acétone ont
été utilisés comme solvants pour le lavage des trappes.
L’analyse des produits de pyrolyse a été faite par chroma-
tographie en phase gazeuse, utilisant une colonne de 6
pieds contenant du SE-30, 10%, sur Chromosorb W. La
programmation de température est la méme qu’utilisée
précédemment. Les rendements des produits sont donnés
dans le tableau 2.

Le chromatogramme montre la présence de cing
produits dont les temps de rétention respectifs sont de
14.8, 17.8, 18.4, 20.8 et 23.0 min. Les deux premiers ont

- été identifiés comme étant les deux anhydrides de départ

(le premier étant ’anhydride phtalique). Les spectres de
masse et les temps de rétention mesurés correspondent a
ceux d’échantillons commerciaux. Le troisieme produit
est le biphényléne; il a été identifié par ses spectres de
masse et ultraviolet. Le cinquiéme produit est le diméthyl-
biphényléne; il a été identifié par ses spectres de masse et
de rmn. Comme dans la pyrolyse de ’anhydride méthyl-4
phtalique, nous supposons que deux isomeéres sont
présents.

Le dernier produit est le méthyl-2 biphénylene (16):
spectre de masse (70 eV), ion moléculaire, m/e (%)
166(100.0). Un spectre rmn a été enregistré dans le
CDClj;: 16, 8 2.15 (s, 3H), 6.5-7.0 ppm (m, 7H). Il y a un
recouvrement des pics du composé 16 et du fluorene,
trouvé également en petite quantité dans notre pyrolyse de
I’anhydride phtalique (5) ainsi que dans d’autres pyrolyses
de 2 (11, 12) et de 5 (15). Il est possible de distinguer ces
deux produits dans un mélange des deux par moyen du
spectre rmn: le fluoréne, 8§ 3.76 (s, 2H) et 7.2-7.7 ppm
(m, 8H). Le spectre uv de 16 formé dans cette pyrolyse
s’accorde bien avec celui de la littérature (8): Ayn.x (EtOH)
nm 242, 250, 298, 343, 361.
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'H and '3C nmr results for 1,2-oxathiane 2-oxide and eight derivatives are reported. It is
concluded that these molecules have a high preference for chair forms with axial S=0O groups,
even when a sterically bulky group such as phenyl is substituted in a syn-axial orientation to the

exocyclic oxygen.

G. W. BucHaNAN, N. K. SHARMA, F. DE REINACH-HIRTZBACH et T. DURrsT. Can. J. Chem.

55, 44 (1977).

On rapporte des données de rmn *H et *3C pour I’oxyde-2 d’oxathianne-1,2 et pour huit de
ses dérivés. On en conclut que ces molécules ont une grande préférence pour des formes chaises
avec des groupes S=O0 axiaux méme lorsqu’un groupe stériquement encombrant tel que le
phényle est substitué dans une orientation syn-axiale par rapport a 1’oxygene exocyclique.

Introduction

In recent years there has been considerable
interest in the stereochemistry of 6-membered
organic heterocycles containing the S—=O func-

tion. For thiane oxide it has been established (1)

that the preferred conformation is a chair in
which there is a slight preponderance (0.2 kcal/
mol) of the form in which the S—=O is axial.

—AG® =0.2
o
Kf\o — ms

I
(0]

When heteroatoms with lone pairs of electrons
are introduced into the ring, adjacent to the
S=O0 group, the equilibria become more biased
toward the axial S—=O forms. In the case of
trimethylene sulfite, this preference has been
estimated to be ca. 2.1 kcal/mol (2), although
no direct measure of —AG® for the parent
compound has been possible since its 'H nmr
spectrum is temperature independent from — 150
to 4150 °C.

S —-AGY =2.1 le)
/=07 T2
S

[Traduit par le journal]

On the basis of dipole moments (2), 'H nmr
(3) and '3C nmr (4), substitution of potentially
axial CH; groups at both C-4 and C-6 of the
sulfites is deemed to alter the ring conformation
such that non-chair forms, or chairs with equa-
torial S=—O functions, can contribute.

Compounds intermediate between the thiane
oxides and the trimethylene sulfites, namely the
1,2-oxathiane 2-oxides (sultines) have, by con-
trast, received rather little attention. To date,
the only report has been that of Harpp and
Gleason (5) who found that the 'H spectrum
of 1,2-oxathiane 2-oxide is temperature in-
dependent from —90 to +150°C. They con-
cluded that the molecule adopts a chair con-
formation with a considerable preference for the
form having an axial S=O moiety (ca. 2 kcal/
mol).

For all these systems the *H nmr spectra are
difficult to analyze completely, and thus the
structural information available is somewhat
limited. Recently it has been demonstrated that
13C nmr offers an attractive alternative for the
study of sulfur heterocycles (4, 6-8) since the
spectra are first order and the chemical shift
differences are an order of magnitude greater
than those in the 'H spectra. We now report the
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TaBLE 1. 'H spectral data of 1,2-oxathiane 2-oxides*

Compound

Area of adsorption (assignment)

1,2-Oxathiane 2-oxide (1)
3-Methyl-1,2-oxathiane 2-oxide (2)
4-Methyl-1,2-oxathiane 2-oxide (3)
5-Methyl-1,2-oxathiane 2-oxide (4)
6-Methyl-1,2-oxathiane 2-oxide (5)
6-Phenyl-1,2-oxathiane 2-oxide (6)
6,6-Dimethyl-1,2-oxathiane

2-oxide (7)
cis-6-Methyl-6-phenyl-1,2-oxathiane
2-oxide (8)
trans-6-Methyl-6-phenyl-1,2-oxathiane
2-oxide (9)

1.5-2.2 (de, 5a, 5e); 2.2-3.0 (3a, 3e, 4a);

3.6-3.8 (6e); 4.3-4.7 (6a)

1.08 (CHs); 1.4-2.2 (4e, 5a, S¢);

2.2-3.0 (3a, 4a); 3.3-3.8 (6e); 4.0-4.6 (6a)

1.0 (CH3); 1.3-1.9 (5a, Se); 2.3-2.8 (3a, 3e, 4a);

3.75-4.0 (6e); 4.4-4.7 (6a)

0.87 (CHs); 1.6-2.4 (4e, Sa); 2.6-3.0 (3a, 3e, 4a);

3.6-3.8 (6e); 4.0-4.5 (6a)

1.22 (CH3); 1.45-2.0 (4e, 5Sa, Se);

2.3-2.8 (3a, 3e, 4a); 4.5-4.9 (6a)

1.2-2.2 (4e, 5a, Se); 2.5-2.9 (3a, 3e, 4a);

5.37 (6a); 7.3 (phenyl)

1.25 (CH3-equatorial); 1.57 (CH;-axial);

1.6-1.9 (4e, 5a, Se); 2.3-2.8 (3a, 3e, 4a)

1.90 (CH3); ~2.25 (4e, 5a, 5e);

~2.75 (3a, 3¢, 4a); 7.2 (SH)

1.58 (CH3); 1.7-3.2 (all other ring H); 7.1-7.5 (SH)

*0.05-0.10 M solutions in CDCls;.

results of an examination of 1,2-oxathiane
2-oxide and eight derivatives, using 'H and 3C
nmr, which permits some detailed conforma-
tional conclusions.

Results and Discussion
(a) 'H Spectra
Table 1 contains a summary of the 'H data
for the nine compounds examined. A discussion
of part of the 100 MHz 'H spectrum of 1 has
been published (5). The axial C-6 proton is the

O
]

H
p H
H \o/S2
H— 71
>H
H H
1

most deshielded (8 = 4.42) due to the well
known (9-13) syn-axial deshielding effect of the
sulfinyl oxygen. This proton exhibits an 11.5 Hz
vicinal coupling with the trans-diaxial H on C-5,
indicative of a chair-type geometry. The C-4
axial hydrogen is also deshielded relative to its
equatorial counterpart for the same reason as
the axial C-6 hydrogen, and to a similar extent.
The close spatial relationship between the S—O
group and the C-4 and C-6 axial hydrogens was

verified by the observation that these hydrogens
underwent the largest downfield shift, ca. 8 ppm,
upon addition of approximately 0.5 equiv. of
Eu(FOD)j,.

The chemical shift differences referred to
above were observed for all the monosubstituted
1,2-oxathiane 2-oxides which we have thus far
been able to isolate. On the basis of these
observations and the '3*C spectra discussed
below, the preferred conformations of these
compounds (2-6) are chair forms having the
substituent in an equatorial and the S=O in the
axial position.

The proton spectrum of 6,6-dimethyl-1,2-
oxathiane 2-oxide (7) showed two methyl signals
at 1.25 and 1.57 ppm, assigned to the equatorial
and axial methyl groups respectively. The chemi-
cal shift difference between the CHj; groups of
6 (0.32 ppm) is somewhat smaller than for the
CH,; groups of the corresponding sulfite 10 (3),
but considerably larger than that in the sulfite
11 which has an equatorial S=O bond (3). On
this basis, 7 is suggested to have a conformation
similar to that of 10. The methyl proton assign-
ments in 7 were confirmed by Eu(FOD); studies
which showed downfield shifts of ca. 3.0 and
1.5 ppm for the & = 1.57 and the & = 1.25
resonances respectively upon addition of 0.3
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F1G. 1. Structures and numbering scheme for com-
pounds discussed in the text.

equiv. of the shift reagent, indicating that the
& = 1.57 resonance arises from the axial methyl.

Examination of the data for the 6-methyl-6-
phenyl isomers 8 and 9 suggests that 8 exists
mainly in the chair form having both the S=0O
and the CH; axial. For 9, the CH; group is
shielded by 0.32 ppm relative to 8, resulting from
the removal of the deshielding syn-axial S—=0O
--- CH; interaction present in 8. Interestingly in
8 the phenyl protons appear as a singlet at

170 — cHy, {150 — cH,

S S
H,C 0~ H,C 0~/
3 O/ 3 O/ (6]
1.28 CH, 1.45 CH,
10 11

& = 7.2 whereas in 9 a multiplet in the range
7.1-7.5 ppm is found. In 2-phenyl-1,3-dithiane
which contains an axial phenyl group (14) re-
solved ortho aromatic protons are also observed.
Further evidence for the existence of 9 in a chair
with axial S=O is obtained from the effect of
addition of ca. 0.3 equiv. of Eu(FOD),. The
protons most affected (downfield shift of ca.
4 ppm) are those in the ortho aromatic position.
The axial proton (H;) was next most affected
(downfield shift of ca. 3 ppm) as expected on the
basis of its sym-axial relation to the S=O,
assuming the exocyclic oxygen to be the site of
complexation (3). Furthermore, the lanthanide

¢

o
H, [
CHy 7 [—0 7 .
H6 ¢ HZ

9

shifted spectrum of 9 permitted measurement of
several of the coupling constants. In addition to
large geminal couplings (13.0 and 14.5 Hz for
J, and Js¢ respectively), J,5 and J34 are 11.0 Hz
which typify axial-axial couplings in chair forms
and are similar to values found in related
molecules such as sulfites (3). Smaller couplings
(3.0-6.5 Hz) are noted for interactions involving

- equatorial protons as expected on the basis of

dihedral angle considerations. Of course it can
be argued that the shift reagent perturbs the
geometry of the substrate and renders conforma-
tional conclusions somewhat tenuous. Never-
theless, it seems clear that the lanthanide
complexed system 9 exists in a chair with axial
S=—O0 and we thus can suggest that the geometry
of the free substrate is similar.

(b) 3C Spectra

13C chemical shifts for compounds 1-9 are
presented in Table 2. Assignments have been
made using results for model compounds (4,
7), well-established trends of alkyl substitution
(15), selective 'H decoupling, and single fre-
quency off resonance (SFORD) decoupling
experiments.

For 1 it is interesting to compare the ring
carbon shifts with those for trimethylene sulfite
12 and the two chair forms of thiane oxide 13
and 14. Not surprisingly (15, 16), the C-5 shift
of 1 is near that of C-5 of 12 and C-4 of 13 and
14. Also, C-6 of 1 resonates at a similar position
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TaBLE 2. *3C chemical shifts of 1,2-oxathiane-2-oxides (8. from TMS +0.1)*

1
6
0\ 2
o
4 3

Position
Compound  Substituent C-3 C4 C-5 C-6 CH; C-quat. C-o C-m C-p
1 — 49.5 13.6 24.5 58.5
2 4-CH; 56.4 20.1 33.1 59.1 21.9
3 5-CH3; 50.0 17.6 29.8 63.7 21.8
4 6-CH3 48.7 14.3 32.0 65.2 21.5
5 3-CH; 53.4 20.8 24.9 58.6 15.1
6 6-¢ 48.8 14.8 31.9 69.9 139.9 126.5 128.6 128.6
7 6,6-diCH3 49.6 11.4 36.0 81.3 31.8(c)f
28.4(1)t
8 6-CH; (o)t 49.9 12.3 35.1 83.5 30.5 146.2 124.1 128.4 127.3
6-0(1)T
9 6-CH;(2)t 50.8 12.8 33.7 82.5 32.8 145.1 124.9 128.0 127.2
6-d(o)t

*0.05-0.10 M solutions in CDCl;.
T(¢) and (¢) denote cis and trans relative to the S=0O bond.

58.5 ‘ﬁ 57.1 ﬁ
6 L_s2 6 L S2
o~ ~
LT L2
245 136 495 26.0
1 12
0
. I . |
6_~Sl1 6_~Sxo

~o
473 2 3 2
247 155 451 246 233 52.1
13 14

to C-4,6 of 12 (4). Notably C-4 of 1 is highly
shielded (8 = 13.6) which reflects its gauche-y
relationship to the exocyclic oxygen atom (4).
An equatorial S—O bond as in 14 is manifested
by the absence of the upfield y shift and the
effect is pronounced (7-9 ppm) for both sulfites
and sulfoxides (4, 7). Thus the !3C data for 1 are
supportive of a chair conformation with an
axial S=O0 function.

For the mono-CH; derivatives 2, 3, and 4,
several pieces of evidence favor the concept of
chair forms with equatorial CH; groups and
axial S=O0 bonds. Initially, the alkyl substituent
effects on the ring carbon shifts are similar to
those in the related sulfites (4) where the corre-
sponding chair forms are likely. For example in
4, the introduction of the CH; at C-6 deshields
C-6 by +6.7 ppm (a effect), C-5 by +7.5 ppm

(P effect), and C-4 by +0.7 ppm (trans-y effect)
relative to 1.

0] 65.2 o)
58.5 g 215 o O/g
0~ HyC
A
243 32.0 143
1 4

Corﬂparihg the corresponding sulfites 12 and
15, the results are +7.0, +7.3, and +0.3 ppm
for the o, B, and trans-y effects respectively.

o) 0
57.1 O/g 212 %! O/IS‘
H,C
/=27 B%O
26.0 33.3 57.4
12 15

Small deshielding y-effects for 2 (+0.6 ppm)
and 3 (+0.5 ppm) relative to 1 again reflect the
introduction of equatorial CHj’s into the ring.
If the CH; groups were axial, pronounced
shielding effects (4-6 ppm) would be expected at
the y-carbons (17, 18).

Finally, the close correspondance in the CH;
shifts for 2, 3, and 4 with 15 and other sulfites
(4) with equatorial methyl groups support this
argument.

Results for the 3-CH, derivative 5 also indicate
a chair geometry with axial S=0O and equatorial
CH,. Compared to 2, 3, and 4, the CH; group
is shielded by ca. 6 ppm, due to its gauche-y
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249 208 334
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relationship to the exocyclic oxygens. Also the
small deshielding rrans-y effect at C-5 (+0.4 ppm)
relative to 1 is consistent with the trans-y shifts
noted in 2, 3, and 4.

Comparison of the ring carbon shieldings for
the 6-phenyl compound 6 with the 6-CH,
system 4 reveals a marked similarity at the C-3,
4, and 5 positions. Thus for 6 a chair form with
an equatorial phenyl group is dominant. The
deshielding effect at C-6 (+4.7 ppm) relative to
4 is a consequence of the two B carbons of the
aromatic ring.

Compound 7 exhibits a gauche-y upfield shift
of 2.2 ppm at C-4 relative to 1 which is indicative
of a substantial contribution from a pure axial
CH; at C-6. It is interesting to compare the C-6
shift and the gem-CHj shifts of 7 with a related
sulfite 10 which is mainly a chair form with an
axial S=O bond (4). Clearly there is marked

31.8 32.2

) 533 ! ,Cg(l)?() ﬁ
mc&o//s mcﬁ)//s
28.4 2887 Ly o

7 T

similarity in the data suggesting like geomeétries
for 7 and 10. The deshielding of the axial CHj’s
in these compounds compared to their equatorial
counterparts may be attributed to a ‘0’ inter-
action with the axial S=O function (4, 19) or
to the anisotropic property of the S=O moiety
(20).

With the exception of C-6, the ring carbon
chemical shifts for 8 are within 1 ppm of those
for 7 which can be taken to indicate similar ring
conformations. The deshielding at C-6 of 8
relative to 7 is no doubt a consequence of the
B deshielding influence of the ortho-aromatic
carbons. By contrast the CH; of 8 is shielded by
1.3 ppm relative to the axial CH; of 7. This is
presumably a manifestation of the minor y
interactions of the CH; with the ortho-aromatic
carbons.

Compound 9, if it were in a chair form with
an axial S=0O would have the structure 9a. An
alternate possibility is that ring reversal might
occur to render 9b. If this were the case, the

VOL. 55, 1977
¢
L
5 4 3 S%
CH,
9%a 9b

C-4 resonance of 9 should be deshielded by
7-9 ppm compared to 8, using the previous
results for trimethylene sulfites (4) and thiane
oxides (7) as analogies since there is a marked
influence of S=—O stereochemistry on y-carbon
shieldings. This large deshielding is not found
and accordingly 95 seems unlikely.

Examination of the shift data for 8 and 9 in
Table 2 reveals a marked similarity in the
shieldings and accordingly similar chair con-
formations of these molecules can be suggested.
If 9 were to adopt a twist shape then all the *C
shifts would be expected to go upfield (21) and
such a trend is not observed.

The only somewhat puzzling feature of the
spectrum of 9 is the 2.3 ppm deshielding of the
methyl resonance relative to 8. We can offer no
clear rationale for this finding other than to note
that the CHj; is trans-coplanar to a y sulfur atom.
Recently (22) deshielding trans-y shifts have been
reported for CHjy’s frans and y to oxygen atoms,
when both the CH; and the O are bonded to
quaternary sites.

‘In conclusion, it is clear that 'H and *3*C nmr
are useful complementary tools for the study of
1,2-oxathiane 2-oxide stereochemistry. Our re-
sults indicate a pronounced tendency for these
molecules to adopt chair forms with axial
S=—O0 functions.

Experimental

Spectra

The 13C chemical shifts were obtained using a Varian
XL-100-12 nmr spectrometer in the Fourier transform
mode via previously described procedures (23). Over the
concentration range employed (0.05-0.10 M solutions)
the *3C shifts vary less than +0.1 ppm. 'H spectra were
obtained on a Varian T-60 spectrometer using TMS as an
internal reference for the CDCl; solutions. The Eu(FOD);
experiments on 9 were carried out using a Varian HA-100
nmr spectrometer and CD,Cl, as solvent.

Materials
Preparation and purification of these sultines has been
described previously (24).
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Nuclear magnetic resonance studies. XXX.! Hydrogen—deuterium exchange in

bicyclo[3.2.1] and -[2.2.2]octenes through allylic and vinylic anions
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A. K. CHENG and J. B. StoTHERS. Can. J. Chem. 55, 50 (1977).

Bicyclo[3.2.1]oct-2-ene undergoes hydrogen—deuterium exchange through allyl and vinyl
carbanionic intermediates under strongly basic conditions, tert-BuO~/tert-BuOD at 185 °C.
Only allylic exchange had been observed in previous studies with tert-BuO~/DMSO. Since the
2-tert-butoxybicyclo[3.2.1]octanes are stable under these conditions an addition—elimination
sequence cannot account for exchange at C-3. The relative rates of exchange at C-2, -3, and -4,
and the stereoselectivity at the allylic site were determined by 2H nmr. For comparison, the rate
of olefinic exchange in bicyclo[2.2.2]octene was also measured.

A. K. CHENG et J. B. StoTHERS. Can. J. Chem. 55, 50 (1977).

Dans des conditions basiques fortes impliquant le ter-BuO ~/tert-BuOD a 185 °C, le bicyclo-
[3.2.1]octéne-2 subit des échanges hydrogéne-deutérium par l'intermédiaire de carbanions
allyliques et vinyliques. On avait observé uniquement des échanges allyliques dans des études
antérieures avec le trerr-BuO~/DMSO. Puisque les tert-butoxy-2 bicyclo[3.2.1]octanes sont
stables dans ces conditions, on ne peut pas faire appel a une séquence d’addition—€limination
pour expliquer I’échange en position C-3. On a déterminé, par rmn du 2H, les vitesses relatives
d’échanges en positions C-2, C-3 et C-4 et la stéréosélectivité au site allylique. Pour fins de
comparaison, on a aussi déterminé la vitesse de 1’échange des protons oléfiniques du bicyclo-

[2.2.2]octéne.

In earlier work on the behavior of bicyclic
ketones in a strongly basic medium, tert-butox-
ide/tert-butyl alcohol at 185°C, we had found

that the o,a-dimethyl derivatives of bicyclo- -

[2.2.2]octenone, bicyclo[3.2.1]oct-2-en-6-one and
its A*> isomer undergo hydrogen-deuterium -ex-
change at both olefinic carbons (1). Since these
ketones are interconvertible through the com-
mon B-enolate 1, exchange at one of the olefinic
centres is readily explicable in terms of the
allylic nature of this intermediate. Exchange at
the second olefinic carbon, however, requires a
different mechanism, perhaps by direct exchange
through a vinyl carbanion with a possible acti-
vating effect arising from the neighboring car-
bonyl group. To shed further light on the nature
of these processes we have examined the reacti-
vity of bicyclo[3.2.1]oct-2-ene (2) and bicyclo-
[2.2.2]octene (3) under the same conditions to
compare their behavior with that of the ketones.
The [3.2.1] olefin has been studied previously (2)
as a model system for assessing long range w
participation in the anion formed from bicyclo-
[3.2.1]octadiene. The monoene, with tert-butox-

For part XXIX, see ref. 17 and for part XXVIII see
ref. 18.

[Traduit par le journal]

2 7

o-

ide/dimethyl sulfoxide as the base, was found to
exhibit only allylic exchange. A comparison of
the behavior of this olefin in these two media has
proved interesting and we wish to present our
results in this paper. Through the use of ?H nmr
spectra, the relative rates of exchange and the
stereoselectivity at the allylic methylene site were
readily measured in a straightforward fashion.

Experimental

Materials

With one exception, the compounds employed in this
study have been described in the literature and samples
were synthesized having essentially the same physical
constants. Bicyclo[3.2.1]oct-2-ene (2) was obtained from
3-chlorobicyclo[3.2.1]oct-2-ene by Birch reduction (3).
This chloroolefin had been prepared by reaction of
bicycloheptene with dichlorocarbene followed by reduc-
tion with lithium aluminum hydride (4). Epoxidation of 2
with m-chloroperbenzoic acid in methylene chloride at
room temperature (5) afforded exo-2,3-epoxy-2 (6) in
more than 80% yield. Bicyclo[2.2.2]octene (3) was pre-
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pared by “Wolff-Kishner reduction of the corresponding
enone which was available from earlier studies (7).

2-tert-Butoxybicyclo[3.2.1] octanes

To a solution of 1 g of endo-tricyclo[3.2.1.02*]oct-6-ene
(4) (8), in 15 ml of dry fert-butyl alcohol was added p-
toluenesulfonic acid (80 mg) and the temperature raised
to 60 °C. After stirring for 4 days, the reaction mixture
was cooled and poured into water. Our synthesis was
adapted from that reported for methanol addition (9).
The product, isolated by pentane extraction, was analyzed
by gc on a 159, DEGS column at 90 °C and found to
contain three major components in a ratio of 6:2:2,
constituting >95%, of the total. Hydrogenation of the
product in ether at- 45 psi over PtO, afforded a 2:1
mixture of two compounds, separable by preparative gc
on a 15%, Carbowax 20M column. The proton spectra of
each contained a sharp singlet at 1.15 ppm (9H, (CH3);C)
and a broad multiplet near 3.4 ppm (1H, —CH(OR)—)
with no absorption at lower field. The *3C spectrum of the
minor product in CDCl; contained 10 signals which were
assigned to the individual carbons in endo-2-tert-butoxy-
bicyclo[3.2.1]Joctane as shown in 5 by comparison with
the results for 6, measured in CDCi; (10); the latter are
in reasonable agreement with those recently reported (11)
for an unspecified solvent. The !3C spectrum of the major
product 7 similarly accorded well with that for exo-
bicyclo[3.2.1]octan-2-ol (8) (10, 11).

Precise mass measurements for the two products gave
the following results: Mol. wt. caled. for C,,H,,0:
182.1669; found for 5 (m/e): 182.1670; found for 7 (m/e):
182.1662.

Spectra

Proton spectra of each of the compounds included in
this study were obtained to confirm their identity and
purity. These spectra were recorded with a Varian HA-100
spectrometer which was also used for the spin decoupling
experiments. 2H and !3C spectra were obtained with a
Varian XL-100-15 system operating in the Fourier
transform mode at 15.4 and 25.2 MHz, respectively. The
determination and integration of the ?H spectra have
been described previously (12); the precision of the
computer-fitted integration data is judged to be 1%;. Total
deuterium content for each sample was measured with
a Varian M-66 instrument; a MAT 311A was used for the
precise mass measurements of ethers 5 and 7.

Exchange Experiments

The general procedure followed was essentially as
described previously (12). Typically, the olefin (ether) was
added to the base, prepared by dissolving potassium metal
in tert-butyl alcohol-0-d, (99%; deuterated and < 0.005 M
in water) to give a solution with a molar ratio of substrate:
base:alcohol of 1:4:40, 1.2 M in tert-BuO~. Aliquots
were placed in glass tubes under nitrogen which were
sealed after degassing. After heating at 185 + 3 °C for
various times, the tubes were opened and the products
recovered by pentane extraction. Preparative gc was used
to isolate samples for analysis.

Results

Following the method used for our examina-
tion of the bicyclic ketones (1), samples of 2
dissolved in tert-butoxide/tert-butyl alcohol-O-d
were heated in sealed tubes for varying periods
of time at 185°C. After recovery of the olefin,
the deuterium content of each sample was deter-
mined by mass spectrometry. The results are
collected in Table 1, from which it is apparent
that up to four deuterium atoms were incorpor-
ated. The *H spectrum of each sample clearly
showed that four sites are involved in the
exchange processes and the relative ?H content
at each site was measured by integration using
the curve fitting technique described previously
(12). These data are included in Table 1. The
assignments for the individual signals were made
from proton spectra of the olefin and the corre-
sponding epoxide.

The 2H spectra of the samples of 2-d, con-
tained two signals at higher field, 0.53 ppm
apart, the allylic methylene deuterons, and two
at 3.52 and 4.06 ppm from the highest field
signal, the olefinic nuclei. In the proton spectrum
of 2, the lowest field absorption (& 5.79) was
essentially a ‘triplet’ with spacings of ~8 Hz, and
each component broadened by long range
coupling. The more shielded of the olefinic
patterns at & 5.26 was essentially a doublet
(J ~ 8 Hz) of multiplets. Thus, H-2 is the less
shielded. To identify the exo- and endo-4-pro-
tons, the *H spectrum of the exo-epoxide of 2
was examined with varying amounts of the shift
reagent, Eu(fod);, added. As the shift reagent
concentration increased, absorption patterns
attributable to six nonequivalent protons were
shifted sufficiently to permit assignment through
spin-decoupling experiments. With 0.74 equiv. of
Eu(fod),, the epoxy protons exhibited the largest
shifts to & 17.15 and 16.89 and the other patterns
were: a doublet, J ~ 11 Hz, at & 12.22, a doublet
of doublets, J ~ 4.5 and 16 Hz, at 6 9.48, an
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TaBLE 1. Deuterium incorporation in 2 at 185 °C

2H content by mass spectrometry*

2H assay by 2H nmrf{

C-4
Time Total

(h) 1D 2D 3D 4D atoms 2H C-2 C-3 exo endo
4 0.012 0.012 0.001 0.001 0.006 0.004

8 0.034 0.034 0.004 0.004 0.017 0.009
12 0.058 0.005 0.068 0.008 0.008 0.037 0.016
30 0.165 0.018 0.201 0.026 0.024 0.104 0.047
98 0.339 0.056 0.007 0.473 0.073 0.061 0.231 0.109
210 0.456 0.217 0.048 1.036 0.218 0.144 0.428 0.247
220 0.452 0.230 0.051 0.004 1.082 0.226 0.156 0.431 0.270
390 0.413 0.304 0.094 0.013 1.354 0.317 0.209 0.478 0.351

*Atoms2H +0.001.
+See Experimental.

ill-defined quartet, 6 8.99, and a doublet of multi-
plets at & 6.14 having the large J of 16 Hz. Spin-
decoupling showed that the 16 Hz coupling was
common to the & 6.14 and 9.48 patterns, thereby
identifying the 4-protons, since a geminal coup-
ling of ~16 Hz and substantial shifts in the
presence of Eu(fod); were expected for these

~nuclei. The absorption giving the larger relative

shift must arise from the exo-proton. Irradiation
of the lowest field signal changed the quartet at
d 8.99 into a triplet, showing it to arise from H-1.
The remaining doublet, & 12.22, was assigned to
the syn-8-proton, whose geminal coupling of

11 Hz agreed well with several model systems,
and was shown to be coupled to a proton near

5.3 ppm. With this information, a sample..of
2-d, from the 200 h base treatment was converted
to the exo-epoxide and its 2H spectrum recorded.
The relative intensities of the four signals showed
that the shielding order is the same as in the ole-
fin. With Eu(fod);, the more intense of the two
methylene signals exhibited the larger shift
showing that exo-deuteration at C-4 is preferred.
Thus the assignments of the four signals in the
2H spectra of the olefins were completed.

From the deuterium incorporation results
(Table 1) for the runs up to 220 h, first-order rate
constants for exchange at the four sites were
estimated to be: C-2, 3.3 x 1077; C-3, 2.1 x
1077; exo-C-4, 7.2 x 10”7 and endo-C-4, 3.9 x
1077 571,

Since exchange at the olefinic sites could occur
through an addition-elimination sequence, the
stability of the tert-butoxy ethers potentially
involved in this process was of interest. A sample
of exo-2-tert-butoxybicyclo[3.2.1]octane (7) was
treated for 221 h under the same conditions

employed for the olefin exchange studies. A gas
chromatogram of the product was identical to
that of the starting material indicating the
presence of a single component having a reten-
tion time different from that of bicyclo[3.2.1]oc-
tene, and the proton spectrum showed no change
from that of the starting material. Similarly, a
72:28 mixture of the exo- and endo-2-tert-
butoxybicyclo[3.2.1]octanes was unchanged after
treatment for 221 h. Thus the observed exchange
at C-3 cannot involve addition-elimination.

In the manner described for 2, samples of
bicyclo[2.2.2]octene (3) were subjected to the
-exchange - conditions for various times. The
deuterium contents of the 3-d, samples thus
obtained were measured by mass spectrometry
and these data are given in Table 2. No species
containing three deuterium atoms were observed
and examination of the ?H spectrum of 3-d, from
the longest reaction time showed only olefinic
absorption. From the mass spectrometric data a
first-order rate constant for deuterium incor-
poration at C-2 (or C-3) can be estimated as
5.6 x 1077571,

TaBLE 2. Deuterium incorporation in 3 at 185 °C

?H content by mass spectrometry*

Total

Time 0D 1D 2D atoms 2H
5 0.960 0.040 0.040
37 0.724 0.250 0.026 0.303
124 0.605 0.340 0.054 0.449
210 0.323 0.493 0.184 0.861
393 0.190 0.486 0.324 1.133

*Atoms 2H +0.001.
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Discussion

The striking feature of the present results for
the [3.2.1] olefin 2 compared to the earlier data
(2) is the finding of exchange at C-3 at a rate
nearly comparable to that exhibited for the
process proceeding through an allylic carbanion.
In the earlier study, with tert-butoxide —di-
methyl sulfoxide as the base-solvent system, only
allylic exchange was observed. A crude com-
parison of the total exchange rates in the two
systems may be made from first-order plots of
the disappearance of nondeuterated material vs.
time which gives k, =2 x 1077 s™! in tert-
BuO~/DMSO at 60°C and k, = 1.7 x 107°
s~ Yin tert-BuO~ [tert-BuOD at 185 °C. Although
the temperature difference is 125 °C, the overall
rates differ by less than an order of magnitude.
As noted above, the observed rate of deuterium
incorporation at C-3 (2 x 1077 s~ ') is approx-
imately 509 of that observed for the endo-allylic
site (3.9 x 1077 s™1). Unfortunately the ratio of
exo:endo incorporation for 2 in fert-BuO~/
DMSO was not determined. In fact, the mass
spectrometric results reported (2) indicate no
species with more than two deuterium atoms.
This indicates that the exo:endo ratio of pro-
tonation of the allylic anion is much higher than
that found in tert-BuO ™ /tert-BuOD, assuming
that exo-protonation (deuteration) of the anion
is the preferred process as seems usual in these
systems. It may be noted that pronounced
differences in exo/endo protonation upon quench-
ing the corresponding dienyl anion with ROH
and with DMSO have been reported (13).

This contrast in behavior of 2 in the two base—
solvent systems could be the result of a number
of factors. Perhaps the simplest explanation
would be an addition-elimination process in
tert-BuO ™~ /tert-BuOD which would be much less
likely in tert-BuO~/DMSO. However, the
stability of 5 and 7 under the reaction conditions
preclude this notion. Another possibility could
be a marked difference in the intramolecularity
of the exchange processes in the two media since
it has been shown that the extent of intramolecu-
larity (internal return) in tert-BuO~ /tert-BuOD
at 200 °C can be much less than that found for
similar substrates in tert-BuO~/DMSO (14).
Unfortunately, this suggestion cannot be tested
experimentally for 2 but it seems unlikely that
this can be the sole factor responsible for the lack
of observable exchange at C-3. This would re-
quire a major difference in the extent of intra-

molecularity for the two (or more) exchange
processes in tert-BuO ™ /DMSO, e.g. allylic and
vinylic exchange. The higher temperature may be
responsible for the C-3 exchange observed in
tert-BuO ™ [tert-BuOD. If C-3 exchange is 10
times slower than allylic exchange in DMSO
compared with a difference of 2-3 in fert-BuOD,
one can estimate that an activation enthalpy
difference (AAH ™) of 3-4 kcal/mol for the allylic
and vinylic exchange processes could render C-3
exchange unobservable at the lower temperature
for the reaction times chosen, all other factors
being equal. However, other factors may not be
equal since the stabilities of the localized and
delocalized carbanions may differ in the two
solvents. The change from a nonpolar protic to
a polar aprotic solvent tends to diminish the
stability of a localized carbanion, to judge from
pK, values (15) and this feature may preclude
C-3 exchange in DMSO.

It is interesting that exchange at the olefinic
carbons in bicyclo[2.2.2]octene (3) is ca. 3 times
faster than that at C-3 in 2. Presumably there is
greater s character in the C—H bond in 3 than in
2 which would render the olefinic hydrogens in 3
more acidic. It may be noted that the rate of
olefinic exchange in 3,3-dimethylbicyclo[2.2.2]-
oct-5-en-2-one is much faster than that for 3, by
a factor of ~100 at C-5 and even more at C-6
at 185°C. In fact, measurements at lower
temperatures will be required to obtain these rate
constants for the ketone. Clearly, the polarity of
the carbonyl group markedly accelerates olefinic
exchange. We have presented '3C data which
indicates an appreciable polarization of the
double bond by the carbonyl group in the
ketone (16).

While the 2H assays for the individual sites of
exchange in 2 (Table 1) permit one to estimate
rate constants for the appearance of deuterium
at these sites, it would be useful to check their
relative magnitudes and to determine the rate
constant for direct exchange at C-2. The observed
deuterium incorporation at C-2 can arise through
a combination of allylic and vinylic exchange.
The available pathways for allylic exchange can
be set out as in Scheme 1 in terms of the rate
constants for exo- and endo-proton abstraction,
k_x and k_y, respectively, and the ratio, R, of
exo:endo protonation (deuteration). In this
scheme, the following abbreviations are used:
k_ = (k-x +k_n); kx=1/(1 +1/R); ky=
1/(1 + R) and the primed k’s include a factor
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k_ky

k_ky

k_nkx

20k-x'ky) ‘
20k x'kx)

D

SCHEME 1

kp/ky for a primary kinetic isotope effect on the
abstraction process. To reduce the complexity
of the Scheme, only one enantiomer for A, B, C,
D, and E are shown but the rate expressions
include the contributions of A’, B, C’, D’, and
E’. These rate equations were numerically inte-
grated using the MIMIC simulation language of
the CDC computer and data for 2H incorpora-
tion at C-4 were generated. A good fit with the
experimental values was obtained with rate
constants of 8.3 x 1077 s tand 3.6 x 1077 s7?
for exo- and endo-proton abstraction, respec-
tively, and a ratio of 2.3 for the exo:endo deuter-

ation (kyx/ky). The calculated 2H content at C-2
was lower than that observed, as expected, since
direct vinyl exchange also leads to *H incorpora-
tion, as observed for C-3. Expansion of the
MIMIC analysis to include vinyl exchange at C-2
gave a rate constant of 1.6 x 1077 s~ which
compares favorably with the value of 2.1 x
1077 571, noted earlier for C-3 exchange, indica-
ting no striking reactivity difference between the
two olefinic sites.
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The thermal and photochemical rearrangement of 1,2(4 H)-diazepine derivatives!:2
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Thermolysis of 3,5,7-triphenyl-1,2(4 H )-diazepine (1) gives, besides the known 2,4,6-triphenyl-
pyridine (2), 3,5,6-triphenyl-1,2(4H )-diazepine (3) and 3,5,6-triphenyl-1,2(1H)-diazepine (4)
whose structures are deduced on the basis of spectroscopic and chemical evidence. Neat thermo-
lysis of 1 and the related 5-(p-methoxyphenyl)-3,7-diphenyl-1,2(4H)-diazepine (24a) and 5-(p-
chlorophenyl)-3,7-diphenyl-1,2(4H)-diazepine (24c) gives only the corresponding pyridine
derivatives 2, 26a, and 26¢ in low yields. Photolysis of 1 in ethanol affords the somewhat un-
stable 3,5,7-triphenyl-1,2-diazabicyclo[3.2.0]hepta-2,6-diene (21) which upon thermolysis under-
goes cycloreversion to 1 and upon hydrolysis provides 3,5-diphenylpyrazole (23) and aceto-
phenone. In contrast, photolysis of 1 as well as of 24a and 24c in acetone results in the forma-
tion of the pyridine (26a, 26c) and pyrazole (25a, 25¢) derivatives respectively in low yields.
Irradiation of 5-(p-dimethylaminophenyl)-3,7-diphenyl-1,2(4H)-diazepine (24d) under these
conditions gives the photo-oxygenation product 24e. The observed thermolysis and photolysis
results of 1 are compared and contrasted with those reported for the closely related 4,4-dimethyl-
3,7-diphenyl-1,2(4H )-diazepine (16).

- DavID JoHN HARRIS, M. T. THOMAS, VICTOR SNIECKUS, NOGA FRIEDMAN, KJELD SCHAUM-
BURG, KENNETH B. ToMER et OLE BUCHARDT. Can. J. Chem. 55, 56 (1977).

La thermolyse de la triphényl-3,5,7 (4H )-diazépine-1,2 (1) conduit, en plus de la triphényl-
2,4,6 pyridine (2) qui est connue, a la triphényl-3,5,6 (4H )-diazépine-1,2 (3) et a la triphényl-3,5,6
(1H)-diazépine-1,2 (4) pour lesquelles on a déduit les structures en se basant sur des données
spectroscopiques et chimiques. Les thermolyses en phase liquid de 1 et de la p-méthoxyphényl-5
diphényl-3,7 (4H )-diazépine-1,2 (24a) et de'la p-chlorophényl-5 diphényl-3,7 (4H)-diazépine-1,2
(24c¢) qui lui sont reliées conduisent uniquement aux dérivés pyridiniques correspondants 2,
26a et 26¢, avec de faibles rendements. La photolyse de 1 dans I’éthanol conduit au triphényl-
3,5,7 diaza-1,2 bicyclo[3.2.0]heptadiéne-2,6 (21) qui est assez instable et qui par thermolyse
subit une cycloréversion pour conduire a 1 et qui par hydrolyse fournit le diphényl-3,5 pyrazole
(23) et l’acétophénone. Par opposition, les photolyses de 1 ainsi que de 24a et de 24¢ dans
I’acétone conduisent respectivement a la formation de pyridines (26a et 26c) et de dérivés
pyrazoles (25a et 25c¢), avec de faibles rendements. L’irradiation de la p-diméthylaminophényl-5
diphényl-3,7 (4H)-diazépine-1,2 (24d) dans de telles conditions conduit a un produit de photo-
oxygénation 24e. On compare les résultats observés pour la thermolyse et la photolyse 1 avec
ceux rapportés pour la diméthyl-4,4 diphényl-3,7 (4H )-diazépine-1,2 (16) qui a une structure treés
analogue; on note qu’ils sont en opposition.
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The ready accessibility of 1,2(4H)-diazepines
(1) from the reaction of hydrazine with pyrylium

IThis work was initiated independently in both labora-
tories. Decision for a cooperative project was reached in
order to avoid duplication of results.

2Part IV in the series “The chemistry of seven-mem-
bered heterocyclic systems”; for previous paper, see ref. 1.

3National Research Council of Canada Postgraduate
Scholar, 1973-1976.

“Authors to whom correspondence may be addressed.

[Traduit par le journal]

(2) and thiapyrylium (3) salts invited the investi-
gation of their thermal and photochemical
behaviour as part of our continuing interest in
the chemistry of seven-membered heterocyclic
systems (1, 4). Studies concerning the photo-
chemistry of acyclic azines (5), pyrazoles (6), and
pyrazolines (7) and, in particular, other simple
and condensed diazepines (8) and the thermol-
ysis of acyclic azines (9) and diazepines (10, 11)
have been recently reported.
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Thermolysis

The thermolysis of 3,5,7-triphenyl-1,2,(4H)-
diazepine (1) in refluxing bromobenzene fol-
lowed by preparative layer chromatography
yielded 2,4,6-triphenylpyridine (2) (2.5%,) and
two new isomeric 1,2-diazepines which are
assigned structures 3 (14%) and 4 (19%,) respec-
tively on the basis of the following evidence
(Scheme 1).

The ir, uv, and the mass spectral fragmenta-
tion pattern of 3 are very similar to those of 1
(2). Comparison of the nmr spectra of 1 and 3
clearly shows that in both compounds a methy-
lene group is present with a large chemical shift
difference between the two geminal protons. In
1, 6 4.16 and 2.41 (2, 12); in 3, § 4.63 and 2.0.
For both methylene groups, J,., = 11 + 1 Hz.
Furthermore, both compounds behave similarly
under temperature variation: for 1, AG*(343 K)
= 17.6 kcal/mol, T. = 366 K; for 3, the ex-
change-broadened doublets observed at 305 K
become sharp doublets at 273 K and a value of
T, = 370 K may be estimated. Reference to the
recently determined X-ray crystal structure of
the diazepinium picrate 5 (13) is useful in the
analysis of the large chemical shift difference
between the C,-geminal protons in 1 and there-

fore in 3 The 1,2(4H)-diazepine conformation

is such (¢f. 5) that Hy is close to and almost
coplanar with the C; and C;s phenyl groups
whereas H, is not. A rough estimate of the ring
current effect based on the model of Haigh and
Mallion (16) predicts a difference in shielding

Ph Ph
6/5 4 155°C b\
7 3 —— 5 I
Ph” N2 Oph CeHsBr o pp N"pp
1 2
Ph Ph
Ph.__| Ph. L
+ < + i p
N—N~ Ph N—N Ph
H
3 4
AN,
A
SCHEME 1

SThere are valid arguments that (@) the conformation of
the protonated form 5 and 1 are similar (14) and (b) the
conformation of a (4H)-diazepine in the solid state and in
solution should be comparable (13, 15).

85 — 8, ~ 2 ppm which is in qualitative agree-
ment with the observed values (vide supra). A
further consequence of the conformational rep-
resentation 5 is the expected larger coupling
between Hq and Hy than between Hg and H,, due
to the coplanarity of the atoms Hy-Cy—C5s~C,—
Hp. In agreement with this expectation, we have
found previously (2, 12) that the low-field methy-
lene proton (Hg) in 1 exhibits J = 2.4 Hz while
the high-field methylene proton (H,) shows
J = 1.6 Hz.

The above analysis leads to the deduction that
the thermolysis product must exhibit a structure
which embodies a methylene group flanked by
two phenyl-bearing sp?-carbons within a 1,2(4 H)-
diazepine framework. This rules out a number of
mechanistically reasonable structures (see below)
and leaves for examination the two possible
formulations, 3 and 6. Structure 6 would be
expected to show long range coupling between
the Cs-methylene and H, similar to the ABX-
coupling pattern observed for compound 1
(6 (Hg) 6.45) (2, 12). Since no such absorption
and pattern was observed, structure 6 is elimi-
nated® and therefore the 3,5,6-triphenyl-1,2(4H)-
diazepine structure 3 is assigned to the thermol-
ysis product. The spectrum of 3 recorded after
addition of Eu(DPM); shift reagent showed a
sharp singlet at § 7.56. This downfield shift,
independent of other signals, is assigned to the
C,-proton and is undoubtedly due to coordina-
tion of europium at N, by analogy with rhodium
coordination of 1 (19).”

The ir spectrum of the other new thermolysis
product (4) shows the presence of NH (v,,,, 3425
cm™?!) and the mass spectrum exhibits the base

It may be expected that 6 should exist predominantly
in its corresponding valence isomer form i on the basis
of several independent studies on such diazanorcara-
dienes (11a, 17). Structure i and, incidentally, ii and 12
(Scheme 2), the potential valence isomers of 3 and 1
respectively are eliminated since they should all show
typically high field absorption due to the cyclopropane
protons (8 < 2, Jeem = 3-6 Hz) (18).

Ph
RO
q
N—F Ph N=N “Ph
i ii

"The methylene signal of 3 was also influenced by the

addition of Eu(DPM);: H, was shifted strongly down-

field while Hp was almost unaffected which is again

reasonable if binding of the shift reagent at N, is assumed

(cf. 5). A similar effect on the methylene protons of 1 was
observed.
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HN/ =</ ph
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*°N Ph
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(Ph);
Ph Ph x
—NH
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peak at m/e 321 (M* — 1). The nmr spectrum
portrays, besides absorption for the aromatic
protons at & 7.9-6.85 (m, 16H), a doublet at
8 6.72 (J/ = 3 Hz) and a broad singlet at & 8.9.
A D,O0 exchange experiment collapsed the signal
at § 6.75 into a sharp singlet and removed the
broad NH signal at & 8.9. This observation rules
out a Il-iminopyridinium ylide type structure
(7)® and directs consideration of a 1,2(1H)-
diazepine formulation possessing a hydrogen at
C;. In 3,4,5-triphenyl-1,2(1 H)-diazepine (8), J; -
substantially larger than 3 Hz would be expected.
In 4,5,6-triphenyl-1,2(1 H)-diazepine (9), NH-
prototropy should make H; and H, equivalent
with an identical chemical shift and coupling
constant to NH.” The observed spectrum rules
out both of these possibilities. There remain
structures 4 and 10, R = H for consideration. In
previous work, we have observed that, in general,
3,5,7-triphenyl-1,2(1 H)-diazepines (e.g. 10, R-=
Me, CO,Et, COMe) show J, 4 = 1.5-2.0 Hz
(3, 4). Since the D,0 exchange experiment re-
sulted in the observation of a sharp singlet for
C.,—H with a line width of less than 0.8 Hz, 10,
R = H is eliminated and structure 4 is assigned
to this thermolysis product. That the C,—H sig-
nal in 4 falls under the envelope of the phenyl
absorption is also reasonable on the basis of our
previous observations (3, 4).

Ph Ph Ph

ﬁiph Phﬁph /(lj
/
4 4 Ph” N—f “Ph

N—N "Ph N—N
H H R
8 9 10

8In addition, ylide 7 would not be expected to be stable
in refluxing bromobenzene (14, 20).

°We have observed this phenomenon recently in the
irontricarbonyl complex of the parent 1,2(1H)-diazepine

(21).

The interrelationship of 3 and 4 was estab-
Jlished by thermolysis of 3 which gave 4 as the
exclusive product. It was also shown that 4 was
stable under these conditions and that refluxing
1 for an extended period of time led to increased
amounts of 4 at the expense of 3. The conversion
of 3 into 4 provides supportive chemical evidence
and may be viewed as a thermally allowed
[1,5]-sigmatropic shift (see Scheme 2). Intercon-
version of other structures which have been
discussed, e.g. 6 — 4, could only proceed by a
more complicated series of rearrangements.

Neat thermolysis (220 °C) was also performed
on 1 to give 2,4,6-triphenylpyridine (2) as the
only isolable product. Furthermore, these con-
ditions were applied to 5-(p-methoxyphenyl)-
and 5-(p-chlorophenyl)-3,7-diphenyl-1,2(4H)-di-
azepines, 24a and 24c respectively and led to the
formation of the corresponding pyridine deriva-
tives, 26a and 26¢ in low yields (see Experimen-
tal).

The mechanism for the formation of products
from the thermolysis of 1 is given in Scheme 2.
The formation of 2,4,6-triphenylpyridine (2) may
be viewed as proceeding by a [1,5]-sigmatropic
hydrogen shift to the 1,2(1H)-diazepine 10,
R = H followed by valence isomerization to 11
and loss of the elements of (NH). [1,5]-Sigma-
tropic shifts have been observed in a related

1,2-diazepine (15) and are more widely docu-

mented in azepines derivatives (22). Valence
isomerization of 10, R = H into 11 and thence
rearrangement to 2 (possibly via the inter-
mediate N-iminopyridinium ylide, ¢f. 7) is ex-
pected to be facile on the basis of previous
thermolysis results of 1-substituted 1,2(1H)-
diazepines (10, R = Me, etc.) (115, 14). The
5,6-dihydro derivative of 1 also yields the pyri-
dine 2 presumably by an oxidative process (10).
The formation of 3 and 4 may be described by
the sequence of valence isomerizations and
[1,5]-sigmatropic shifts (intermediates 12-14)
shown in Scheme 2 although a radical mecha-
nism is not excluded.

Contrasting significantly with our results are
those reported by Zimmerman and Eberbach on
the thermolysis of the closely related dimethyl-
1,2(4H)-diazepine 16 which gave diazanor-
caradiene (17) and pyridazine (18) products
(Scheme 3) (11a). Clearly, an identical valence
isomerization step, 16 — 19 and 1 — 12 may be
invoked to rationalize the thermolysis results of
1 and 16 respectively. However, whereas 19 then
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may directly proceed to 17 by a C-to-C [1,5]-sig-
matropic shift (‘walk’ rearrangement (11a)), in-
termediate 12 avoids the analogous pathway to
15 in favor of a C-to-N [1,5]-sigmatropic shift
to 13 which then continues via 14 to product. In
both cases, 1 and 16, no evidence is available to
distinguish between a concerted or non-con-
certed process. If a concerted process is opera-
tive, their different behavior may be a conse-
quence of perturbation on the MO correlation
diagrams and thus on the energy requirements
caused by the absence of symmetry (N-atoms)
and presence or lack of electronic effects (Cs-
phenyl in 12) (23). If a non-concerted process
applies, there may be expected to be little
difference in stability of the two hypothetical

dipolar or diradical species from 12 en route to
13 or 15. On the other hand, there should be a
distinct preference in 19 for C—C cleavage of the
cyclopropane ring at the more highly substituted
and congested side, a rationalization which is
consistent with the observed formation of 17.1°
It may also be noted that the C-C [1,5]-sigma-
tropic shift, 19 — 17 is favored over the alternate
C-N shift for steric reasons.

Photolysis

When 3,5,7-triphenyl-1,2(4H)-diazepine (1)
was irradiated in ethanol with a Pyrex-filtered
immersion lamp, a single, somewhat unstable

19Compound 18 probably arises from 17 (11a).
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product was isolated to which the 3,5,7-triphenyl-
1,2-diazabicyclo[3.2.0Thepta-2,6-diene structure
21 is assigned on the basis of the following evi-
dence (Scheme 4). Its 60 MHz nmr spectrum con-
sists of a multiplet at 8 7.1-7.8 due to the aro-
matic protons, a singlet at & 6.4 assigned to the
vinyl hydrogen, and an AB quartet at & 3.8 and
3.2 (J = 17.5 Hz) attributed to the C, methylene
protons. Since no allylic coupling between the
vinyl proton signal and the methylene absorption
was evident (confirmed by 100 MHz nmr), the
structural possibility resulting from the alter-
nate photochemical electrocyclic closure of 1 is
eliminated.

Chemical confirmation of structure 21 was
obtained as follows. Upon reflux in toluene
solution, the photoisomer underwent partial
thermal reversion to a 2:1 mixture of 1:21. Such
cycloreversions have been observed in the anal-
ogous case 20 — 16 (Scheme 3) (11a) and other
closely related systems (8a). In further support of
structure, brief treatment of 21 with ethanolic
hydrochloric acid gave acetophenone and 3,5-
diphenylpyrazole (23). This reaction most likely
occurs through the intermediacy of 5-phenacyl-
3,5-diphenyl-2-pyrazoline (22), which has been
shown to undergo fragmentation to the same two
products upon acid treatment (24).

Irradiation of the readily available (2) com-
pounds 24a and 24b under conditions similar to
those employed for 1 gave crude material whose
nmr spectra exhibited peaks consistent with
diazabicyclo[3.2.0]heptadiene structures analo-
gous to 21 (see Experimental). However,
attempted purification of these products resulted

Ph
Ph
Z hv. EtOH /Eh o
\Y Y, = y/an
Ph N—N Ph A. PhMe Ph N\N
1 21
HCI
EtOH-H,0
Ph Ph
PhCOMe + th — Ph
HN\I(I Ph HN\I(J
o}
23 22

SCHEME 4

in mixtures of at least eight components (tlc
analysis) which were not characterized. Finally,
photolysis of 24c¢ yielded a complex reaction
mixture containing no detectable bicyclic isomer
(nmr analysis).

When the parent diazepine (1) was irradiated
(253.7 nm) in acetone solution, the same pyra-
zole derivative (23) as well as 2,4,6-triphenyl-
pyridine (2) were isolated in low yields. Under
these conditions, but longer irradiation times, the
5-p-methoxyphenyl- and 5-p-chlorophenyl-1,2-
(4H)-diazepines, 24a and 24c¢ afforded the cor-
responding pyrazole (25a and 25¢) and pyridine
(26a and 26c) derivatives respectively.!’ In
neither case was there observed a significant
build up of the respective diazabicyclo[3.2.0]-
heptadiene derivatives. The pyrazoles 25 and
pyridines 26 are known compounds and were
fully characterized by comparison with authentic
samples synthesized independently (see Experi-
mental). Since it is known that N-substituted
pyrazoles undergo photochemical rearrangement
(6), the stability of the NH-pyrazole 23 to our
irradiation conditions was tested. It was shown
that 23 is stable to prolonged irradiation in
acetone solution.

X X
= X _— N

: Tyvy

Y N-—I<I Y HN-{ Y7 N >Y
24 25 26

a, X =p-MeOC¢H,, Y =Ph

X =p-MeOC¢H,, Y =p-MeCcH,
¢, X=pCIC¢H;, Y =Ph

d, X =p-Me,NC¢H,, Y =Ph

¢, X =p-Me(CHO)NC¢H,, Y =Ph

Photolysis of 24d in acetone did not produce
rearranged products but resulted instead in
photo-oxidation to give the N-formyl derivative
24e. Structure 24e was assigned on the basis of
spectral evidence. Its ir spectrum exhibits amide

11An additional minor product from the photolysis of
24a could not be obtained in pure form (contaminated
with 26a even after several preparative tlc separations)
but it was definitely shown not to be the pyridazine iii by
independent synthesis (25). Compound iii could arise by
a valence isomerization analogous to 1 — 12 followed by
[CH] loss.

P-MeOCgH,4
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carbonyl absorption at 1675 cm™* and its mass

spectrum shows the correct molecular ion at m/e
379. In comparison with the starting material
(24d), the nmr spectrum of 24e shows the loss of
one N-Me group and the appearance of a singlet
at & 8.70 readily assigned to a formyl proton.
Whereas compound 24d shows two-proton ab-
sorption at & 6.80 due to the ortho hydrogens of
the p-dimethylaminophenyl group, in 24e this
multiplet is shifted under the aromatic proton
envelope (6 8.10-7.10) as expected on the basis of
the deshielding influence of the N—CHO func-
tion.

The photochemical formation of the diaza-
bicyclo[3.2.0]heptadiene 21 (Scheme 4) may be
expected to occur by an allowed 4r electrocycli-
zation and has direct parallel, in contrast to the
thermolysis results (vide supra), with the photol-
ysis of 16 to give 20 (Scheme 3) (11a). These
reactions represent additions to an expanding
list of cases which involve electrocyclization of
azabutadiene units within diverse molecular
frameworks (8a).!?

The results obtained by irradiation in acetone
may be mechanistically interpreted by reference
to the reaction of 1 to produce 3,5-diphenyl-
pyrazole (23) and 2,4,6-triphenylpyridine (2).
The formation of compound 23 may be explained
by postulating the intermediacy of 21 (Scheme 4)
which undergoes loss of phenyl acetylene to form
product. Precedence for such fragmentation is
available (116). The pyridine derivative 2 may
arise by a photosensitized [1,3]-sigmatropic hy-
drogen shift to form the 1,2(1H)-diazepine 10,
R = H which suffers thermal ring contraction
and [NH] loss in a manner similar to that
already postulated (Scheme 2). Finally, the trans-
formation 24d — 24e may be interpreted as an
acetone photosensitized oxygenation, a reaction
which has been widely documented for tertiary
amines in the recent literature (27).

Experimental

General Methods

Melting points were measured on a Mel-Temp appara-
tus or a Reichert mp Microscope and are uncorrected.
Microanalyses were performed by the microanalysis de-
partment at the University of Copenhagen. Infrared
spectra were determined with Beckman IR-10 and Perkin-
Elmer 337 spectrophotometers. Ultraviolet spectra were

12The mechanistic details of 1-azabutadiene — azetine
electrocyclization are under study by CNDO calculations
by Prof. J. P. Snyder, University of Copenhagen (per-
sonal communication, May, 1974; see also ref. 26).

obtained on a Perkin-Elmer 137 spectrophotometer.
Routine nmr spectra were recorded on a Varian T-60
spectrometer with Me,Si as internal standard. For com-
parison and interpretation purposes, the nmr spectra of
1-4 were obtained in frequency sweep mode at 32 °C on
the Varian HA-100 spectrometer equipped with a Spectra
100 system. Integration was performed on averaged
spectra. Samples were prepared in CsDsBr (25 mg/400
ul). For shift reagent experiments, 3 was dissolved in
CDCIl;3-CCly (1:4), Eu(DPM); was added, and the solu-
tion was subjected to filtration. The filtrate was sub-
sequently diluted with additional solvent while the
dependence of the signals was followed. Starting concen-
trations: [3] = 0.135 M; [Eu(DPM);] = 9.0 x 102 M.
Variable temperature spectra of 3 were determined on the
Varian A-60A spectrometer using CDCl; for T'= —40 to
+50°C and Cg¢DsBr for the T'= +30 to +125 °C tem-
perature ranges. Mass spectra were recorded on an AEI
MS902 spectrometer.

Irradiations were carried out as follows:

Method A: A solution of the sample was placed in a
water-cooled (25-35 °C) Pyrex container and photolysis
was performed using a Hanovia Q-700 medium pressure
mercury arc as internal light source.

Method B: Irradiations were carried out in quartz or
Vycor vessels placed centrally in a Rayonet Photo-
chemical Reactor equipped with RUL-2537 A lamps and
cooled internally (15-20 °C) by a cold-finger condenser.

All solvents were dried and distilled before use. Thin
layer chromatography was carried out with Merck silica
gel GF 254 and column chromatography was effected with
Merck silica gel (0.05-0.2 mm). Preparative tlc was per-
formed with Merck PF 254-336 silica gel using 20 x 100
cm plates coated with a 1.5-2.0 mm layer of adsorbent.
Fractions were scraped from the plates and isolated by
extraction with CHCl; in a Soxhlet apparatus.

Thermolysis of 3,5,7-Triphenyl-1,2(4H )-diazepine (1) in
.. Bromobenzene

A solution of 1 (2, 3) (1.0 g) in bromobenzene (30 ml)
was refluxed under a nitrogen atmosphere for 9 days. The
solvent was removed under reduced pressure and the
residue was subjected to preparative tlc using ethyl
acetate — benzene (5:95) as eluent. Two successive elu-
tions gave the following fractions:

(a) Starting material (1): 550 mg (55%).

(b) 2,4,6-Triphenylpyridine (2) : 25 mg (2.5%,) identified
by comparison with an authentic sample (28).

(¢) 3,5,6-Triphenyl-1,2(4H )-diazepine (3): 136 mg
(14%); mp 163-164 °C (EtOH); ir v, (KBr) 1593, 1270,
1200, 925 cm™t; uv Amax (EtOH) 274 (g 29 400), 312 (sh,
12 200), 360 (6 900) nm; nmr (CDCl;) & 8.13 (m, 2H),
7.82 (m, 2H) and 7.08-7.53 (m, 12H) aromatic H, 4.63
(br d, 1H, C4-H,), 2.0 (br d, 1H, C,~H3p); mass spectrum
mle 322 (M*). Anal. calcd. for C,3HgN,: C 85.68, H
5.63, N 8.69; found: C 85.50, H 5.69, N 8.55.

(d) 3,5,6-Triphenyl-1,2(1H )-diazepine (4): 190 mg
(19%), mp 209-210 °C (EtOH-H,0); Vimax (KBr) 3425,
1600, 1495, 1460, 900 cm ™! ; uv Ayax (EtOH) 244 (g 27 200)
285 (19 000) nm; nmr (C¢DsBr) 6 6.72 (d, 1H, J = 3 Hz,
H,), 6.9-7.45 and 7.8-8.0 (m, 15H, aromatic H), 8.9 (brs,
1H, exchangeable with D,0O, NH); mass spectrum m/e
322 (M%), 321 (100%). Anal. calcd. for C,3H; gN;:
C 85.68, H 5.63, N 8.69; found: C85.11, H 5.76, N 8.40.

When a solution of 1 (1.9 g) in bromobenzene (30 ml)
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was refluxed under nitrogen for 36 days and the crude
reaction mixture was processed and separated by prepara-
tive tlc as described above, there was obtained compound
4 (250 mg, 25%,) as the major product in addition to minor
amounts (< 5% each) of starting material and compound
3.

Thermolysis of 3,5,6-Triphenyl-1,2 (4H )-diazepine (3)
in Bromobenzene

Compound 3 (25 mg) in bromobenzene (2 ml) was re-
fluxed under a nitrogen atmosphere for 4 days. Thin layer
chromatography (ethyl acetate — benzene, 5:95) showed
the complete disappearance of starting material and the
formation of 3,5,6-triphenyl-1,2 (1H )-diazepine (4) as the
only product.

Thermolysis of 3,5,6-Triphenyl-1,2(1H )-diazepine (4) in
Bromobenzene
Compound 4 (25 mg) in bromobenzene (2 ml) was re-
fluxed under nitrogen for 4 days after which time starting
material was completely recovered.

Neat Thermolysis of 1,2(4H )-diazepines 1, 24b, and 24c

3,5,7-Triphenyl-1,2 (4H )-diazepine (1)

Compound 1 (246 mg) was pyrolyzed in a sealed evacu-
ated tube at 220 °C (Wood’s metal bath) for 1.5 h. The
resulting dark brown oil was subjected to column
chromatography (CH,CIl, eluent to give 19 mg (8%) of
2,4,6-triphenylpyridine (2) and 82 mg of recovered 1. The
pyridine 2 was identified by mp and mixture mp compari-

-son with an authentic sample (28).

Pyrolysis of 1 at 220 °C for 4 h (complete disappearance
of starting material by tlc) resulted in the formation of
25% of 2. Numerous minor products evidenced by tlc
were in insufficient quantities for isolation.

5-(p-Methoxyphenyl )-3,7-diphenyl-1,2 (4H )-diazepine

(24a)

Compound 24a (2) (240 mg) was pyrolyzed under the-

first set of conditions described for 1 above to give 23 mg
(10%;) of 4-( p-methoxyphenyl)-2,6-diphenylpyridine (26a),
identified by mp and mixture mp comparison with an
authentic sample (29) prepared by a literature method (28),
and 85 mg of recovered 1.
5-(p-Chlorophenyl)-3,7-diphenyl-1,2 (4H )-diazepine
(24c)

Pyrolysis of compound 24c¢ (2, 3) (240 mg) as described
for 1 above (1.5 h) gave 19 mg (10%) of 4-(p-chloro-
phenyl)-2,6-diphenylpyridine (26¢) and 83 mg of re-
covered 1. Compound 26¢ was identified by mp and mix-
ture mp comparison with an authentic sample (30) synthe-
sized by a literature procedure (28).

Photolysis of 3,5,7-Triphenyl-1,2(4H )-diazepine (1) in
Ethanol

A solution of 1 (300 mg) in ethanol (250 ml) was irradi-
ated for 4 h according to Method A outlined in General
Methods. The photolysate was carefully taken to dryness
in vacuo at room temperature and the residue was re-
crystallized from benzene — petroleum ether (60-90 °C) to
give 200 mg (67%) of 3,5,7-triphenyl-1,2-diazabicyclo-
[3.2.0]hepta-2,6-diene (21), mp 161-163°C; uv Anayx
(EtOH) 254 (& 25 700) nm; nmr (CDCl;) 6 7.1-7.8 (m,
15H, aromatic H), 6.4 (s, 1H, C¢-H), 3.8 (d, 1H,J = 17.5
Hz) and 3.2 (d, 1H, J = 17.5 Hz), CH,; mass spectrum
mfe 322 (M*). Anal. calcd. for C,3H gsN,: C 85.68, H
5.63, N 8.69; found: C 84.36, H 5.73, N 8.34.
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Reproducibility of the above experimental conditions
was found to be somewhat problematic. On several
occasions, attempts to isolate 21 by evaporation of solvent
in vacuo resulted in complex mixtures of products which
no longer contained 21 (nmr evidence) even though tlc of
the photolysate showed that it was the major constituent.
See also photolysis of 24a and 245 below.

Photolysis of 5-(p-Methoxyphenyl)-3,7-diphenyl-
1,2(4H )-diazepine (24a) in Ethanol

A solution of 24a (200 mg) in ethanol (250 ml) was
irradiated according to Method A until no more starting
material was present (tlc). Evaporation to dryness under
reduced pressure gave material whose nmr spectrum
(CDCls) is consistent with 5-(p-methoxyphenyl)-3,7-di-
phenyl-1,2-diazabicyclo[ 3.2.0 | hepta-2,6-diene: & 6.75-7.8
(m, 14H, aromatic H), 6.35 (s, 1H, Ce-H), 3.68 (d, 1H,
J = 17.5 Hz) and 3.15 (d, 1H, J = 17.5 Hz), CH;, 3.65
(s, 3H, OCH3). Attempted recrystallization from ben-
zene — petroleum ether (60-90 °C) resulted in extensive
decomposition (tlc analysis).

Photolysis of 5-(p-Methoxyphenyl-3,7-di-(p-methyl-
phenyl)-1,2(4H )-diazepine (24b) in Ethano!

Irradiation of 246 (2) and work-up was carried out as
described for compound 24a to give crude material whose
nmr spectrum (CDCl;) was consistent with 5-(p-methoxy-
phenyl)-3,7-di- (p-methylphenyl) -1,2-diazabicyclo[3.2.0]-
hepta-2,6-diene: 8 6.7-7.7 (m, 12H, aromatic H), 6.3 (s,
1H, C¢—H), 3.73 (d, 1H, J = 17.5 Hz) and 3.2 (d, 1H,
J =17.5 Hz), CH,, 3.65 (s, 3H, OCH;), 2.3 (s, 6H
2 x CHj3). Attempted recrystallization from ether —
petroleum ether resulted in decomposition to at least
eight new products (tlc analysis).

Thermolysis of Compound 21
A solution of 21 (30 mg) in toluene (5 ml) was refluxed

- for 24 h and then evaporated to dryness in vacuo. Nuclear
~ magnetic resonance examination of the crude material

showed the presence of compounds 21 and 1 in a ratio
of 1:2.

Hydrolysis of Compound 21

A solution of 21 (50 mg) in ethanol (50 ml) containing
concentrated hydrochloric acid (1 ml) was refluxed for
3 h. The solvent was removed under reduced pressure and
the resulting residue was treated, in part, with 2,4-dini-
trophenylhydrazine solution to give acetophenone 2,4-
dinitrophenylhydrazone, mp 148 °C, shown to be identical
by mp, mixture mp, and ir spectral comparison with an
authentic sample. The remaining portion of the residue
was recrystallized from ether to give 3,5-diphenylpyrazole
(23), identified by nmr and mass spectral and tlc com-
parison with an authentic sample (31).

Photolysis of Compounds 1, 24a, 24c, and 24d in Acetone

3,5,7-Triphenyl-1,2 (4H )-diazepine (1)

A solution of 1 (200 mg) in anhydrous degassed acetone
(200 ml) was irradiated in a quartz tube under nitrogen for
19 h according to Method B (General Methods). The
solvent was removed in vacuo and the resulting oil was
subjected to column chromatography to give in order of
elution (eluent): 16 mg (8.5%,) of 2,4,6-triphenylpyridine
(2) (methylene chloride), 72 mg (36%) of 1 (methylene
chloride — ether, 9:1), and 24 mg (20%) of 3,5-diphenyl-
pyrazole (23) (ether).
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Compound 1 was found to be stable under the following
photochemical conditions (Rayonet apparatus): methy-
lene chloride, 350 nm, 16 h; acetonitrile, 253.7 nm, 12 h;
benzene, 253.7 nm, benzophenone sensitization, 24 h.

Photochemical Stability of 3,5- Diphenylpyrazole (23)

Irradiation of 23 (100 mg) in dry acetone (70 ml) for
24 h under nitrogen using Method B resulted in high yield
recovery of starting material.

5-(p-Methoxyphenyl)-3,7-diphenyl-1,2 (4H )-diazepine

(24a)

Irradiation (Vycor) of 24a (1.0 g) for 286 h in anhy-
drous acetone (500 ml) according to Method B gave, after
chromatography (benzene eluent), 31 mg (13%) of 4-
(p-methoxyphenyl )-2,6-diphenylpyridine (26b), 10 mg (1%;)
of 5-(p-methoxyphenyl)-3-phenylpyrazole (25b), and 500
mg (50%) of starting material. Compound 26b was charac-
terized as indicated above while 256 was identified by
comparison (mp and mixture mp) with an authentic
sample prepared by a known method (31).

5-(p-Chlorophenyl)-3,7-diphenyl-1,2 (4H )-diazepine

(24c)

A solution of compound 24c¢ (1.0 g) was irradiated
(Method B, Vycor) in anhydrous acetone (500 ml) for
262 h and processed as described for 24a above to give
31 mg (12%) of 4-p-chlorophenyl-2,6-diphenylpyridine (26¢)
and 10 mg (1%) of 5-(p-chlorophenyl)-3-phenylpyrazole
(25c¢) in addition to 400 mg of recovered starting material
(24c¢). The pyridine (26¢) (30) and pyrazole (25¢) (32)
derivatives were characterized by mp and mixture mp
comparison with authentic samples synthesized inde-
pendently by the methods of Dimroth and Wolf (28) and
Widman (32) respectively.

5-(p-Dimethylaminophenyl)-3,7-diphenyl-1,2 (4H ) -

diazepine (24d)

A solution of 244 (3) (500 mg) in anhydrous acetone
(600 ml) was irradiated (Method B, quartz) for 24 h.
Chromatography gave the following fractions in order of
elution (eluent): 127 mg (25%) of starting material (ether —
methylene chloride, 5:95), 43 mg (9%) of compound 24e
(ether — methylene chloride, 10:90). Recrystallization
from ethanol gave pure 24e, mp 190-191 °C; ir Vipax
(CH,Cl;) 1675 cm~*; nmr (CDCl3) 6 8.70 (s, 1H, CHO),
8.10-7.10 (m, 14H, aromatic H), 6.75 (br s, 1H, Cs-H),
4.45 (br d, 1H, J = 12 Hz, C4-Hy), 3.40 (s, 3H, CH,),
2.70 (br d, 1H, J = 12 Hz, C,-Hpg); mass spectrum m/e
379 (M*). Anal. calcd. for C,sH,;N3;O: C 79.13, H 5.58,
N 11.07; found: C 78.66, H 5.28, N 10.74.
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A three-coordinate complex of mercury: crystal structure of
bis(iodo-N,N-diethyldithiocarbamatomercury(II))

CHUNG CHIEH

Received July 9, 1976

CHUNG CHIEH. Can. J. Chem. 55, 65 (1977).

Reaction of mercuric iodide with N,N,N’,N’-tetraethylthiuramdisulfide (TETD),
S S

Il Il

Et,—N—C—S—S—C—N—Et,, gave bis(iodo-N,N-diethyldithiocarbamatomercury(Il)) and
diiodo-N,N,N’,N’-tetraethylthiuramdisulfidemercury(II). The crystal of the former was mono-
clinic with a =7.645(3), b = 7.787(4), ¢ = 18.005(7) A and B = 102.08(4)°. The space group was
P2,/c, with two dimeric molecules per unit cell. Diffractometer measured intensities of 1727 ob-
served reflections were used to determine the structure; the final R factor being 0.059. The mer-
curic jon was three-coordinated with two Hg—S distances of 2.422(4) and 2.644(4) A and
one Hg—1I distance of 2.641(1) A. The dimer had a centre of symmetry and formed an eight-
membered ring.

CHUNG CHIEH. Can. J. Chem. 55, 65 (1977).

Laréaction de I'iodure mercurique avec le disulfure de N,N,N’,N’-tétraéthylthiourame (TETD)

S S

[ |
conduit aux bis(iodo N,N-diéthyldithiocarbamatomercure(Il), Et,—N—C—S—S—C—N—Et,,
et au diiodo N,N,N’,N’-tétraéthylthiouramdisulfure de mercure(Il). Les cristaux de premier
sont monocliniques avec a = 7.645(3), b = 7.787(4), ¢ = 18.005(7) A et B = 102.08(4)°. Le
groupe d’espace est P2,/c et comporte deux molécules diméres par maille. On a utilisé les in-
tensités mesurées a I’aide d’un diffractométre pour 1727 réflexions observées pour déterminer
la structure; le facteur final R est de 0.059. L’ion mercurique est tricoordonnée avec deux dis-
tances Hg—S de 2.422(4) et 2.644(4) A et une distance Hg—I de 2.641(1) A. Le dimére a un
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centre de symétrie et forme un cycle a huit chainons.

Introduction

Disulfuram has been used for the treatment of
chronic alcoholism at a dose of 0.5 g per day.
The chemical abstract name for the compound
is tetraethylthioperoxydicarbonic diamide; how-
ever, it is better known as tetraethylthiuram di-
sulfide (TETD),

S S

i |
Et,NCS—SCNEt, ).

There has been a considerable interest in the
interaction of heavy metal ions with biologically
active compounds (2, 3). The interactions of
TETD with mercurials are being studied. Reac-
tion of TETD with methylmercury chloride
gave Dbis(V,N-diethyldithiocarbamato)mercury-
(ID), (Et,NCS,),Hg, and methyl N,N-diethyl-
dithiocarbamatomercury(Il), (Et,NCS,)HgMe.
The former was also obtained as a product in the
reaction of TETD with mercuric chloride in
chloroform-ethanol (1:1 by volume) mixed

" [Traduit par le journal]

_solution. Both «- and B-forms of (Et,NCS,),Hg
- were obtained and X-ray diffraction data con-

firmed that they had the structures as reported by
Iwasaki (4). The structure of Et,NCS,HgMe had
been reported (5). The reactions of TETD with
mercuric bromide and mercuric iodide also gave
two kinds of products in each case. Compounds
of HgX,. TETD were obtained for X = Brand I.
Their gross structures were obtained by X-ray
diffraction methods. Further refinements are
now being carried out. The existence of com-
pounds of this type was claimed through nmr
studies (6). Another compound obtained in the
reaction of TETD with Hgl, had cell constants
similar to those of (Et,NCS,)HgMe (5) and it
was originally thought that they not only had
similar formula but also similar structure, with
CH; and I playing the same role. However the
Raman spectrum of them, Fig. 1 and Fig. 5 of
ref. 5, were quite different and the structure de-
termination was carried out. It revealed that the
compound had the empirical formula (Et,NCS,)-
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Fi1G. 1. Raman spectrum of bis(iodo-N,N-diethyldithiocarbamatomercury(1l)) and partial assign-

ments.

Hgl which is similar to (Et,NCS,)HgMe; how-
ever, the two structures were different.

Experimental

The room temperature stable red form of mercuric
iodide was purchased from Fisher Scientific Co., and tetra-
ethylthiuram disulfide from Sigma Chemical Company, St.
Louis, Missouri. The solvents used were standard reagent
grade chemicals. Raman spectra of solids were obtained
by Dr. S. Y. Tang on a Jarrel-Ash 25-100 spectrometer
with argon ion laser excitation.

Several methods of preparation had been tried. For
((Et,NCS,)Hgl),, the following method was found to be
the best. To 20 ml ethanolic solution of 0.235 g Hgl,,
20 ml chloroform solution of 0.154 g TETD were added.
There was a small amount of small deep yellow square
plates formed when the solutions were mixed. These small
plates were identified as Hgl,.TETD as mentioned in the
Introduction. The mixture was covered and left at room
temperature for 3 days. Then, it was placed in a cool room
(0 °C) and partly covered only to allow slow evaporation.
After a week, the solution was reduced to about 0.5 ml.
Yellow hexagonal prismatic crystals were obtained after
filtration. A few square plate-like crystals were visible even
to the naked eye. Due to the presence of a mixture,
elemental analysis was not performed.

Crystals grown from the reactions described above were
subjected to X-ray diffraction studies. Cell constants and
space group were determined from photographic measure-
ments; however, the former were refined by least-squares
methods based on the 26 values of 30 reflections measured
on a G.E. XRD-6 diffractometer.

Crystal Data
CsH,  HgINS, fw = 475.7
Monoclinic, a = 7.645(3), b = 7.787(4), ¢ = 18.005(7) A,
B = 102.08(4)°, V = 1048.1 A3, po = 3.00(1), Z = 4,
pe = 3.014, y(Mo-K,) = 182.9cm~1; mp = 136 °C, space
group P2,/c.

Crystallographic Measurement

The crystal used for intensity measurement was a
hexagonal prism with cross sections and length of 0.10
and 0.12 mm respectively. It was mounted with a* along
the ¢ axis of the goniostat. Intensities of 3052 independent
reflections with 20 < 60° (Zr-filtered Mo-K, radiation)
were measured using 6-20 scan method at room tempera-

ture (25 + 3°). The scan speed was 2°/min and the 20
range was +(0.9 + 0.41 tan 0). Stationary background
counts of 10 s each were taken at the limits of scan. Four
standard reflections (104, 040, 202, 011) which had values
evenly spread around the ¢-circle were measured after
each 100 reflections. The intensities of these reflections
showed a fluctuation of + 2% during data collection. Of
the reflections collected, 1727 had net intensities greater
than 20, were considered as observed. Majority of the
unobserved reflections had 20 greater than 45°. No ab-
sorption correction was made; however, the crystal used
was uniform in dimension pR(Mo-K,) = 1.10, and the
intensity of reflection 200, which had x = 90°, showed
very little variation when ¢ was varied. Lorentz and
polarization corrections were applied and only the ob-
served reflections were used in the structure analyses.

Solution and Refinement
The structure was solved by the heavy-atom method

" -and refined by full-matrix least-squares. The solution was

straightforward and the refinement was smooth. The
atomic scattering curves were taken from ref. 7 with
dispersion corrections made for Hg and I atoms. The
function minimized was XZw(|F,|— |F.[)®> where w =
(60— |F,|+0.005F%)~*/2 in the final stage of refinement.
This weighting scheme gave lighter weight for both strong
and weak reflections than the medium intense reflections;
the variation of ZwAF?/n vs. ranges of F, was small. An
extinction coefficient of Zachariasen type was included in
the 92-variable refinements. In the last cycle of refinement,
the shifts of parameters were less than a quarter of their
standard deviations. The difference Fourier showed some
ripples around the mercury atom but was otherwise
featureless. The final R (= Z(|F,|—|F.|)/ £F,) and
weighted R,, (=( Zw(|F,|— |F.])?] ZwF,?)!'? were 0.059
and 0.051 respectively. The atomic coordinates and tem-
perature factors are listed in Table 1.1

Results and Discussion
The crystal consists of dimeric molecules as
shown in Fig. 2. The dimer has a centre of
inversion which coincides with the centre of

!Photocopies of the table of structure factors may be
obtained at a nominal charge, upon request, from the
Depository of Unpublished Data, CISTI, National
Research Council of Canada, Ottawa, Canada K1A 0S2.
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FI1G. 2. Molecular structure with atomic labels and
important bond distances and angles. The esd’s are:
Gug-1, 0.001; Oyg—5, 0.004; 6c-5, 0.015; and oc—c or c=-ns
0.02 A. For the angles, the esd depends mainly on the
centre atom: Gyg, ~0.1, 65, ~0.5 and 6¢ or n, ~0.7°.

symmetry of the space group P2,/c; therefore,
atoms of only half of the diagram are labelled.
The important bond lengths and angles are also
given separately in the two halves of the dimer.
Around the mercuric ion, three bond lengths are
noted: one Hg—I, 2.641(1), and two Hg—S
distances of 2.644(4) and 2.422(4) A. However,
there is an additional short Hg...S contact of
3.042(4) A. The mercury atom is coplanar with
the three coordinated atoms, plane 5 of Table 2.
It is interesting to compare with the coordination
of Hg in diiodo-N,N,N’,N'-tetramethylthiuram-
disulfidemercury(II), Hgl,(S,CNMe,),, in which
there are two almost equal Hg—I distances of
2.661(2) and 2.654(2) A. However, the two
Hg—S distances of 2.651(7) and 2.882(7) A are
significantly different (8). The mercury atom is
0.305 + 1 A out of the plane containing the two
iodine and the short-distant sulfur atoms.
Grdenic (9) derived the following mercury
radii: van der Waals radius, 1.50; ionic radius,
1.04; digonal covalent radius, 1.30; and tetra-
hedral covalent radius, 1.48 A. No three coor-
dinated covalent radius was available, probably
due to the fact that three coordinated mercury is
not common; however the anions HgX;~
(X = Cl, Br, and I) have a coordination number
of 3 for mercury atom and the anion is planar (9).
In particular, for Hgl;~ the three Hg—1I dis-
tances are 2.71, 2.71, and 2.65 A (average 2.69 A)

TaBLE 1. Final parameters (esd’s) x 10° for Hg, I, and S, but x 10* for N and C, + |x,y,z,;x,5 — »,% + 2|

.+) x 1074}

. +2a*b*hkU12 + ..

T.F. = exp { —2n%(a**h?U;; + . .

U23
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TABLE 2. (a) Least-squares planes for the molecule in the form /X + m Y+ nZ =p where X, Y, Z, are coordinates
in A referred to orthogonal axes a, b, and c*

Displacement (A)
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Plane Part of molecule / m n 4 Maximum Other atoms

(SN 8-,

1 Nt 0.6258  0.1112 0.7720 3.9 0.11,Hg  1.4,C3;-1.3,Cs

2 vt —0.6536 —0.1345 0.7448 3.7  0.07,C, —0.3,Hg
c— ~s

S

3 N—C\S —0.6243 —0.1442 0.7677 3.9 0.01,C, —0.2,Hg
N

4 o —0.6869 —0.1131 0.7179 3.5 0.03,N —0.4,Hg
s

5 5, He— 0.8086 —0.4137 0.4183 2.3  0.01,Hg  —0.005S,I

(b) Interplanar angles

Planes

Angle (deg)

2,3
24
2,5
34

2.3

9

BO N
O W

and the three I—Hg—1I angles are 123.3, 123.6,
and 112.8° (10). Taking the single-bond covalent
radius for I as 1.33 A (11), the trigonal radius for
mercury is then 1.36 A. By taking into account
the influence of the electronegativity difference
(12) (Schomaker-Stevenson coefficient = 0.03),
the mean value for trigonal radius is then 1.38 A.
The single-bond covalent radius for sulfur is
1.04 A (11). The sum of trigonal mercury radius
and single-bond sulfur covalent radius is 2.42 A
which agrees very well with the shortest Hg—S
distance, 2.422 A, found for the title compound.
The lengthening of the other Hg—S distance,
2.644 A, may be due to the fact that S, is in close
contact with another mercury atom. The Hg—I
distance of 2.641(1) A is slightly shorter than
those found for Hgl,™ ion. The three bonds are
not evenly spread in space around the mercury
atom with angles of 144.8°, 110.6°, and 104.6°, of
which the sum is 360°. From the above discus-
sion, it can be concluded that the mercury atom

is three-coordinated. The additional short
Hg. . .S contact, 3.042 A, is less than the sum of
van der Waals radii for Hg and S, 3.35 A, but
this type of interaction is not uncommon in
crystal structures (9, 13). It is true that in
coordination compounds, the mercury atom is
either linearly two- or tetrahedrally four-co-
ordinated (14). This téndency still remains in the
present compound as the angle between the
shortest Hg—S and Hg—I bonds is 144.8°,
much greater than 120°. Perhaps intramolecular
forces prevent Hg. . .S; contact to be closer than
3.04 A.
C\N . /S
TN
c” s
ethyldithiocarbamate, is usually found to be
planar (4). The equations for mean planes of
various parts of the molecule are listed in Table
2. The unlabelled mercury atom is almost co-
planar with labelled dithiocarbamate, excluding

The part of in the ligand, di-
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FiG. 3. Stereoscopic view of the molecular packing in bis(iodo-N,N-diethyldithiocarbamatomercury-
(ID)). Atoms are represented by the size of the ring in descending order of Hg > I > S > C > N. The

direction of viewing is from a axis.

the terminal CH, groups. When Hg? " is included
in the mean plane calculation, the maximum dis-
placement from the plane is only 0.11 A. When
Hg?* is excluded from the least-squares plane
calculation, the deviation becomes —0.3 A. The

C S
“N—c{ and the short N—C

¢ s
distance of 1.32(2) A suggest that partial double

bond character exists between N and C;.

Absorption bands in the range from 560 to
608 cm ™! were assigned to C—N in plane de-
formation in ref. 15 for similar compounds; the
band at 615 cm™!, Fig. 1, was assigned accord-
ingly. The band caused by vc_n), usually found
for other compounds, is very weak. Assignments

planarity of

for bands in the region between 200 and 400 =~

cm ™! are very difficult. Coleman, Koenig, and

Shelton gave all kinds of composite contribu-
tions for bands in this region for tetramethyl-
thiuram disulfide (15). Mei¢ studied the vibra-
tional spectra of CH;Hgl and CD;Hgl as well
as other halo-complexes and assigned a band at
173 em™" for vg-5, (16). Two very strong
Raman bands at 173 and 139 cm™' were ob-
served for ((Et,NCS,)Hgl),. The one at 139
cm™! was 30 times as strong as the strongest
band of Fig. 1, and ten times stronger than the
band at 173 cm™!. It was anticipated that the
stretching mode of Hg—I be a strong band in
Raman and a shift in frequency was also expec-
ted due to a change from two- to three-coordi-
nated mercury; therefore, the band at 139 cm ™!
could be assigned to vy,

A packing diagram is shown in Fig. 3. The
viewing direction is from the a-axis. All inter-
molecular distances are van der Waals type. The

mercuric ion has no further close contact other
than the one indicated in Fig. 2. The next closest
intermolecular distance between mercury and
iodine atoms is 3.5 A. The dimers interlock into
one another and this may be responsible for the
hardness of the crystals. '
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Synthesis and electron spin resonance studies of a Co(II) complex
with a tetradentate macrocyclic Schiff base ligand
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AMIKAM REUVENI, VINCENZO MALATESTA, and BRUCE R. McGARVEY. Can. J. Chem. 55, 70
(1977).

The synthesis, physical properties, and electron spin resonance of frozen solutions of
CoTAAB(NO3;), (TAAB = tetrabenzo[b, f,j,n] [1,5,9,13]tetraazacyclohexadecine) are reported.
The spin Hamiltonian parameters were elucidated by simulation of spectra assuming axial g
and °°Co hyperfine tensors and including nuclear quadrupole and Zeeman contributions.
Electron spin resonance spectra in solvents such as methanol, acetone, and dimethylformamide
are typical for a low spin complex (S = 1/2) and are nearly identical with |4, [>|4,| and
g1, > g. In pyridine and quinoline a complex with a molar ratio solvent/ligand of 1:1 is formed
with the solvent which gives |4, |~ |4.| and g, much closer to g;,. In strong Lewis bases, such as
piperidine, a 2:1 complex is formed and no esr signal is found. Evidence is presented to show
that these 2:1 complexes with strong Lewis bases are S = 1/2 complexes with a low lying
S = 3/2 state that is partially populated at room temperatures. This behaviour is accounted
for in terms of a theory derived for a 24; ground state with a low lying quartet state which
could become the ground state in strong basic solvents.

AMIKAM REUVENI, VINCENZO MALATESTA et BRUCE R. MCGARVEY. Can. J. Chem. 55, 70
(1977).

On rapporte la synthese, les propriétés physiques et les résonances paramagnétiques élec-
troniques de solutions surgelées de CoTAAB(NO3;), (TAAB = tétrabenzo(b,f,j,n] [1,5,9,13]-
tétraazacyclohexadécine). On a élucidé les paramétres du hamiltonien de spin par simulation de
spectres en faisant I’hypothése que g est axial, en utilisant des tenseurs hyperfins pour *°Co, et
en incluant des contributions nucléaires quadrupolaires et de Zeeman. Les spectres de résonance
paramagnétique électronique dans des solvants tels que le méthanol, ’acétone et la diméthyl-
formamide sont typiques pour un complexe de spin bas (S = 1/2); ils sont pratiquement iden-
tiques et |4, |>>|A4.| et g, > g;. Dans la pyridine et la quinoléine il y a formation d’un complexe
avec un rapport-molaire solvant-ligand de 1:1 qui donne |4,| X |4, | et g, beaucoup plus proche
de g,. Dans des bases de Lewis fortes, telles que la pipéridine, il y a formation d’un complexe
2:1 et on ne trouve aucun signal rpe. On présente des données pour montrer que ces complexes
2:1 avec des bases de Lewis fortes sont des complexes .S = 1/2 avec un état S = 3/2 peu élevé
et qu’un peuplement partiel a température de la piéce. On tient compte de ce comportement en
termes d’une théorie dérivée d’un état fondamental 24, avec un état quadruplet peu élevé qui
peut devenir ’état fondamental dans les solvants basiques forts.

[Traduit par le journal]

Introduction

Planar low spin Co(II) complexes of the types
CoN,, CoN,0,, and CoS, have been the sub-
ject of many esr studies. The theory for the spin
Hamiltonian parameters for these d’ complexes
was the subject of a recent study (1) which
showed that contributions of low-lying quartet
states to the magnetic parameters could be sig-
nificant for some systems. Most of the esr
studies on frozen solutions (see references in
ref. 1) have involved low symmetry complexes
and have proven of little value since the three

!Present address: Department of Chemistry, University
of Guelph, Guelph, Ontario.

principal g and A4 values could not be assigned
unambiguously to the molecular axes. A few
single crystal studies have appeared (2-7). Most
of these complexes can bond to Lewis bases to
form five- and six-coordinated species. Several
of the five-coordinated complexes have demon-
strated the ability to bond reversibly to molecular
oxygen.

Transition metal complexes of the tridentate,
tribenzo[b,f,j1(1,5,9]triazacycloduodecine, abbre-
viated TRI, 1, and tetradentate, tetrabenzo-
[6,£,j,11[1,5,9,12]tetraazacyclohexadecine, abbre-
viated TAAB, 2, have been made (8-11) by the
condensation of o¢-aminobenzaldehyde in the
presence of different metal ions.
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We report here the synthesis of Co(ITAAB-
(NO;),"H,0, its isolation for the first time, and
an esr study of the Co(INTAAB?* complex in
frozen solutions of various solvents and Lewis
bases. The TAAB ligand is similar to the por-
phyrin and phthalocyanine ligands in that it is a
planar, conjugated tetradentate ligand with a
fourfold symmetry axis. It differs from the
porphyrin, phthalocyanine, and most planar
tetradentate ligands studied in that it is neutral
in charge. We therefore will expect to find the
complex with the fifth and sixth coordination
sites occupied by either a polar solvent molecule
or the anions required for charge balance.

Experimental

Synthesis of Co(II ) TAAB(NO3) . H,0

The synthesis follows that used by Melson and Busch
(8) except that care is taken to keep oxygen out by de-
gassing all solvents and carrying out all steps under pre-
purified N,. A solution of 2.9 g (0.024 mol) of ¢-amino-
benzaldehyde (freshly prepared by the method of Smith
and Opie (12)) in 40 ml of ethanol was heated and stirred.
While the o-aminobenzaldehyde solution was under re-
flux, a solution of 1.75 g of Co(NO3),:6H,0 in 30 ml of
absolute ethanol was added. The color of the solution
changed from pale yellow to reddish brown and within
15-20 min it turned green and a precipitate began forming.
After refluxing for 5 h the solution was cooled and fil-
tered. The dark green solid was washed with chilled
ethanol and ether. The green solid was recrystallized from
acetonitrile to give dark green crystals which analyzed
as CoTAAB(NO;),-H,0. Calculated for C,5H,;oNgOe-
Co-H,O: C 54.82, H 3.61, N 13.70, Co 9.61. Found:
C 54.30, H 3.29, N 13.63, Co 9.63.

Physical Measurements

Electron spin resonance spectra were taken with a
Varian E-12 spectrometer. All spectra were taken at
X-band at liquid nitrogen temperatures using a finger-
Dewar. Infrared absorption spectra were obtained using
a Beckman IR-12 spectrophotometer. Electron Ionization
mass spectra were obtained at various temperatures up to
270 °C using a Varian-MAT CHS5 spectrometer. Magnetic
susceptibilities of methanol and piperidine solutions were
measured using the nmr shift technique (13). Magnetic
susceptibilities of powder (in air) were measured by
Professor A. B. P. Lever of York University using the
Faraday method at temperatures from 82 K to room tem-
perature. Nuclear magnetic resonance spectra were taken

using a JEOL C68JEL Spectrometer. Chemical analysis
was done by Galbraith Laboratories Inc., Knoxville,
Tenn.

Results

Properties of COTAAB(NO;),

CoTAAB(NO;), is soluble in water. Addition
of concentrated solutions of HCIO, or HBr to
the water solution produced green precipitates
which are presumed to be the corresponding
perchlorate and bromide salts. When O, was
bubbled through an HBr solution of the bromide
a red—brown solid resulted whose ir was identical
to that of [CoTAABBr,]Br reported by Cum-
mings and Busch (11). The synthesis of Co-
TAABBr, directly from CoBr, was attempted
yielding a green precipitate whose esr in acetone
was identical to the bromide produced from the
nitrate and which oxidized to [CoTAABBr,]Br,
but a suitable recrystallization solvent was not
found so no analysis was attempted.

In the reaction between Co(NO;), or CoBr,
with o-aminobenzaldehyde considerable amounts
of cobalt remain in the ethanol solution. Evapor-
ation of this green filtrate under vacuum yields a
light green solid. Examination of this solid by
tlc reveals it to be a mixture. Frozen solution esr
spectra of acetone solutions give only the signal
found for CoTAAB(NO;),. Magnetic suscepti-
bility measurements reveal a much larger sus-
ceptibility than that found for COoTAAB(NO;),

suggesting the presence of a high spin complex.
" Finally acetone and ethanol solutions of this

solid turn brown within minutes after exposure
to air while similar solutions of CoTAAB(NO;),
oxidize much more slowly. Cummings and Busch
(11) have shown that under similar preparative
conditions, but in the presence of oxidizing
agents, a mixture of Co(TRI),X; and Co-
TAABX; is produced. We presume, therefore,
that a main constituent of the ethanol solution
after reflux is a Co(TRI),*" compound since
this complex is octahedrally coordinated and
would be expected to be high spin. This would
account for the high susceptibility and our failure
to detect any other esr signals at liquid nitrogen
temperatures.

The ir spectrum of COTAAB(NO,), is similar
to that reported by Cummings and Busch (11)
for [CoTAAB(NO;),]NO; except only three
bands attributable to NO; ™ are found at 1365,
1310, and 1031 cm ™ '. The first two are obviously
asymmetric stretches and the 1031 cm ™! is the
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symmetric stretch. Since these frequencies are
those normally found in ionic nitrates we can
conclude that neither nitrate ion is really
coordinated to the cobaltous ion. Electron ioni-
zation mass spectra, between 100 and 270 °C, of
CoTAAB(NO,;), did not give the m/e peak at 412
attributed by Cummings and Busch (11) to
(TAAB)*.

The magnetic susceptibilities at 298 K of
methanol and piperidine solutions were found
from nmr measurement of these solutions in a
concentric double tube with TMS in the annulus
(13). (Calibration was made with acetone,
methanol, and carbon tetrachloride, respectively,
in the inner tube.) The susceptibility of the
methanol solution was found to be 1.67 + 0.05
B.M., a value very close to that expected for an
S = 1/2 state (1.73 B.M.). The piperidine solu-
tion gave a susceptibility of 2.25 + 0.05 B.M.,
indicating a presence of an S > 1/2 state.

The magnetic susceptibility of powdered
CoTAAB(NO,;), has been measured between 82
and 298 K and is given in Table 1. Ligand and

anion corrections were calculated from Pascal’s

constants (14). The effective magnetic moment
increases with temperature to a value at room
temperature considerably larger than that ex-
pected for an S = 1/2 system with the g values
found for the complex from the esr studies. At-
tempts to fit the data to a simple model assuming
a ground state doublet and an excited quartet
state were made, but no satisfactory fit of all the
data could be made. It seems reasonable, however,
that the only way to account for these results is to
assume some population at room temperature of
excited states with a spin higher than 1/2. The

TABLE 1. Magnetic susceptibilities of
CoTAAB(NO3;), powder at various
temperatures

T(K) per (BM)  xm(cgs x 10°)

82.2 2.28 7880
87.3 2.30 7550
105.3 2.32 6370
121.8 2.32 5520
138.7 2.33 4900
156.3 2.37 4490
173.4 2.38 4080
191.4 2.40 3760
209.4 2.41 3470
227.5 2.46 3310
245.5 2.46 3070
263.2 2.50 2950
298.2 2.65 2950

VOL. 55, 1977

same may be said for the piperidine solution of
the complex.

Electron Spin Resonance
The esr results were fitted to the spin Hamil-
tonian

11 # = B[g”HzSz + g (H, S, + HySy)]
+ A”SZIZ + AJ_(SxIx + Sny)
+ Q'II2 — M(I+1)] — gyByH'I

where symbols have their usual meaning. Thé
esr studies were all done in frozen solutions in-
volving CoTAAB(NO;), in most cases (esr of
the powdered compound gave a very broad line).
Spectra of the perchlorate and bromide salts in
acetone and methanol were identical to the
nitrate. The solvents used for making the frozen
solutions could be divided into three groups
according to the spin Hamiltonian parameters
observed: (i) Solutions in methanol, acetone,
and dimethylformamide which gave |A4;[>[4,],
and g, » gy. (i) Solutions in pyridine and
quinoline which gave |4, |~ |A4,[, g, much closer
to g, than in (7). (iii) Solutions in piperidine,
aliphatic amines, pyrrolidine, and morpholine
which gave no esr spectrum at all.

The magnetic parameters were obtained by
comparing the experimental spectra with simu-
lated spectra obtained from a computer program

- -which numerically -integrates over expressions

for the resonance fields predicted by the spin
Hamiltonian given in eq. 1, solved to second
order. Forbidden transitions (Am; = +1, +2)
were included with the alowed transitions

(a)

(b)

Fi1G. 1. (a) Electron spin resonance spectrum of a
frozen solution of CoTAAB(NO;), in dimethylforma-
mide. (b) Simulated spectrum of the dimethylformamide
solution.
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(a)

(b)

F1G. 2. (a) Electron spin resonance spectrum of a frozen solution of CoTAAB(NO3), in pyridine.

(b) Simulated spectrum of the pyridine solution.

(Am; = 0) (15) in the calculation. A Lorentzian
line shape was assumed and it was found neces-
sary to assume a different line width for each
hyperfine line to get good agreement between
calculated and experimental spectra. Our pro-
gram for frozen solution spectra appears to be
different from most reported programs in that it
calculates the derivative directly rather than
numerically differentiating an absorption curve.
Figure 1(a) shows a spectrum of a frozen
solution of CoTAAB(NO,;), in DMF. The lower
trace (b) is the simulated spectrum. Figure 2
shows, similarly, a spectrum of a frozen solution

of the complex in pyridine. The magnetic para-

meters for different frozen solutions are given in
Table 2.

Addition of pyridine stepwise to a solution of
CoTAAB(NO,), in acetone gives a complete
conversion to the pyridine-type spectrum at a
molar ratio of 1:1, indicating that the spectrum
observed in pyridine is of a complex formed by
addition of one pyridine molecule to COTAAB?*.
A similar experiment using piperidine gives
complete disappearance of the acetone esr spec-
trum at a molar ratio of 2:1, indicating the

TABLE 2. Spin Hamiltonian parameters for
CoTAAB(NO;), in frozen solutions”

Solvent & &L Ay’ AL
Acetone 2.0259 2.2762 75.3 12.9
Methanol 2.0275 2.2720 75.3 12.3
Dimethyl

formamide 2.0244 2.2772 75.8 12.1
Pyridine 2.0562 2.1949 59.4 58.3
Quinoline 2.0547 2.1968 60.5 59.4

2’ was found to be —0.00015 cm~-!.
bValues in 10-4 cm-—1.

formation of a complex having two molecules of
piperidine. Addition of acetone to the residue
obtained after evaporation of a piperidine solu-
tion of CoTAAB(NO,), restores the acetone
esr signal. This indicates that the reaction be-
tween piperidine and the complex is reversible in
nature and that the disappearance of the esr
spectrum in piperidine is not due to some
irreversible process such as oxidation which
converts Co(II) to diamagnetic Co(III). The
nmr spectrum of CoTAAB(NO;), in piperidine
shows an upfield shift of all piperidine lines rela-
tive to the neat solvent with the NH line shifted
most. The lines are also slightly broadened.
Further shifts and broadening occur in mixed
piperidine~-CD;COCD; solvents. These nmr
shifts indicate that the piperidine complex is
paramagnetic with a much shorter spin relaxa-
tion time than the S = 1/2 complex in pyridine
or acetone. The only reasonable explanation for
the lack of an esr spectrum and the nmr shifts is
to postulate either an S = 3/2 ground state for
the piperidine complex or a low lying S = 3/2
state that is close enough in energy to produce a
very short electronic 7, making esr detection at
liquid N, temperatures impossible. The latter
explanation is favored by the nmr susceptibility
measurements.

Discussion

The spin Hamiltonian parameters fit the
theoretical equations for an 24, ground-state,
where in the case of axial symmetry we have, by
perturbation methods (1), for an electron in a
d;? orbital:

[2] 8 = 8+ 26’32 - 3012
[3] 81 = 8 + %032 - 6012 + 6¢y
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TaBLE 3. Computed parameters for COTAAB(NO3), using perturbation and exact equations

Perturbation calculation

Exact calculation

Solvent c1 c3 P K* cy cs P K* K(ave)®
Methanol 0.045 0.125 206.0 —-32.5 0.047 0.118 235.5 —19.6 —24.3
Pyridine 0.030 0.168 228.7 —51.3 0.033 0.109 227.9 —40.7 —47.5

aIn 10-% cm~1.
bSee ref. 1, p. 2509.

4 4 6
[4] A” =K+P{7—’7C3_7cl
2 15
Tas T 7012}
2 45 2
[5] 4, =K + P{—7+75c1 + 2,

4 5 57 ,
HETE Ve }
€1 = é/A(zBl)

[é]
3‘33 = g/A(4Bl)

[7] P = gegNBeBN<r—3>

K is the Fermi contact interaction, & is the spin—
orbit interaction constant for one d electron.
A(*B,) is the energy difference between the ?B;
state and the ground state and A(*B,) is defined
likewise. These equations can serve to obtain ¢,

and c; from the g-values and P and K from 4 -

and A, . In this case we can also solve exactly for
the magnetic parameters. The results of these
exact calculations are given in eqs. 48-56 of ref.
1. Table 3 gives values for methanol and pyridine
frozen solutions obtained by using both methods
of calculation.

Table 1 of ref. 1 contains a large number of
results of such calculations for axial complexes of
Co(1l) with porphyrins and phthalocyanines, our
values are within the range of values given there.
It was found (1) that in the range ¢; < 0.05 it was
necessary to take 4, > 0and 4, < 0in order to
obtain P in the expected range, this choice of
signs was also used here.

The CoTAAB(NO,), forms three types of
complexes with the solvents investigated here. In
acetone, methanol, and dimethylformamide the
ground state is a doublet. In piperidine, where
two solvent molecules are attached to the planar
CoTAAB?*, there is obviously a low-lying
S = 3/2 state, which is partially populated. It is

close enough in energy to the ground state to
result in an electronic 7; too short to allow
observation of esr spectra even at 77 K. The mag-
netic susceptibility measured in the solution and
the paramagnetic shifts observed in the nmr
spectrum of the complex are strong indications
that there is indeed a paramagnetic species here
which is not a pure S = 1/2 state. The magnetic
susceptibility of the powdered complex is about
the same as- that measured in the piperidine
solution, suggesting an arrangement in the solid
where molecules are stacked such that the fifth
and sixth coordination sites are occupied by
nitrogén atoms from adjacent molecules. That
the species in piperidine is indeed a reversibly
formed complex and not a product of some
irreversible chemical change is manifested by
retrieving the acetone-complex on redissolving in
acetone the residue left after evaporating the
piperidine’ from its solution. The pyridine-
complex, which is formed with one solvent
molecule is apparently an intermediate case be-
tween the acetone-type complex and the piperi-
dine-type one. The low-lying quartet state is
closer to the S = 1/2 ground state than in the
acetone complex but still farther than in the
piperidine case so that esr spectra (with different
magnetic parameters) could be observed.
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