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The stereochemistry of some new 1,3-dioxanes prepared from
1,4-benzenedicarbaldehyde has been deduced from NMR studies and from the
crystal structure of one compound determined by single-crystal X-ray
diffractometry. trans, trans; cis, cis and cis, trans isomers of some of these
compounds have been identified and their ratio has been calculated from

NMR spectra.

Studies!™ on the stereochemistry of some 2-aryl-
1,3-dioxane derivatives have showed high A-values of
the aromatic group located in position 2 of the hetero-
cycle (e.g. AGp,=3.12 kcal mol~1).! These studies have
revealed the possibility of using these substituents as
efficient ‘holding groups’. The characteristic conforma-
tional equilibria (Scheme 1) are shifted towards con-
formation (C;) showing the aryl group to occupy the
equatorial position. In solutions (at room temperature)
the equatorial aromatic substituent exhibits free rotation
around its bond to the heterocycle, while in the solid
state packing forces may determine the preference of the
aryl group for a bisectional or orthogonal rotamer.>”’

Scheme 1.

Recent studies®® have showed the cis and trans

stereoisomerism of some 1,3-dioxane derivatives of
1,2-benzenedicarbaldehyde bearing only one substituent
in position S(5’) of the heterocycle. The aromatic group
assumes equatorial orientations with respect to both
dioxanes, whereas the substituents located in position
5(5") of the two 1,3-dioxane rings show an axial or
equatorial orientation generating cis, cis; trans, trans and
cis, trans isomers.

In the present study the stereochemistry of some new
1,3-dioxane acetals of 1,4-benzenedicarbaldehyde (tere-

* To whom correspondence should be addressed.
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phthaldialdehyde) has been investigated and the con-
formational behaviour of these compounds has been com-
pared with the data reported for other 2-aryl-1,3-
dioxane derivatives.® !

Results and discussion

The new 1,3-dioxane derivatives were obtained by acetal-
ization of 1,4-benzenedicarbaldehyde with several substi-
tuted 1,3-propanediols (Scheme 2).

HO: R,
OHC@-CHO + 2 s
HO R;
R, o R,
— OO
R/ 0 R,

Ri=Rz=H 1
R1=R;=COOCH,CH; 2
R4=R,=CHj3 3
Rs=H, Ry=CH, 4
Ri=H, R2=CgHs 5
R4=CH3, R2=CzHs 6

Scheme 2.

Compounds 1-3 are single diastereoisomers whereas
compounds 4-6 may exhibit many configurational
isomers.

Compounds 1-3 show anancomeric structures, i.e., the
conformational equilibrium associated with the flipping
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Fig. 1. ORTEP diagram of compound 2.

DIOXANES OF BENZENEDICARBALDEHYDE

Table 1. Structural parameters of compound 2 determined by single-crystal X-ray diffractometry.

X Values of Values of
Bond Length/A Bong angle bond angles/® Torsion angle torsion angles/®
c*-o! 1.409(3) c*-0'-c’ 111.6(2) c’o'ct*o? —63.15 (0.30)
o'-c’? 1.420(3) c*-0%-c5 110.2(2) c*o’'c’cs 56.27 (0.31)
cé-c’? 1.5629(5) cs-cé-c’ 108.3(2) cso02c*o’ 64.63 (0.29)
cs-c® 1.531(4) o'-Cc’-c® 111.2(2) o?cscec’ 51.47 (0.33)
C®-0? 1.425(3) 0'-C*-0? 110.3(2) c*o2csc* —59.49 (0.30)
o02-c* 1.412(4) 02-C5-C® 110.5(2) cscéc’o? —49.72 (0.33)

of the heterocycles can be shifted towards the conforma-
tion with equatorial phenylene groups. The aromatic
substituent can be considered as a ‘holding group’ for
both 1,3-dioxane rings. This conformational behaviour
of the compounds has been deduced from the molecular
structure of compound 2 as determined by single-crystal
X-ray diffractometry and by the NMR investigations of
these compounds.

The ORTEP diagram of compound 2 (Fig. 1) shows
the equatorial orientation of the 1,4-phenylene group for
both heterocycles and a preference of the aromatic group
for an arrangement close to the ideal orthogonal rotamer.
The small deviation from the ideal orthogonal orientation
of the best planes of the 1,3-dioxane rings (P;:
C*C8C8CY; P,: C*C%(C8®(C''?) and the plane of the
aromatic ring (P: C!3C*#732) has been calculated (P/P, =
99.3°; P,/P,=0°). From the structural parameters}
(Table 1) it could be obsereved that the structure of the
heterocycles were close to the ideal chair conformation.
The two 1,3-dioxane rings assume, in the solid-state, an
‘anti’ orientation caused by the dispositions of the axial
protons in positions 2 and 2’, which are located on the
opposite faces of the aromatic ring considered, in this
case, as the best plane.

The NMR spectra of the compounds (Table 2) show
different signals for the axial and equatorial protons in

+ The X-ray crystallographic material has been deposited with
the Cambridge Crystallographic Data Centre.

positions 4(4') and 6(6’) as well as for the protons and
the carbon atoms of similar groups located in positions
5 and 5’ (compounds 2 and 3).

The 'H NMR spectrum of compound 2 (Fig. 2,
Table 2) shows unique signals for the protons of the two
heterocycles. The axial protons in positions 2 and 2’ give
rise to a singlet (8 5.18) and the equatorial protons in
positions 4(4) and 6(6’) show a deshielded doublet
[044),6(6yeq 5-04] while for the axial protons a different
doublet [344,66)ax 3-95] has been observed. The differ-
ence in the chemical shifts between the signals belonging
to the protons of the axial and the equatorial ester
groups is in the usual range!®!? observed for anancom-
eric 1,3-dioxane derivatives exhibiting axial and equator-
ial ethyloxycarbonyl groups in position 5 of the
1,3-dioxane ring [e.g., for the methylene protons the
spectrum shows two quartets (Fig. 2): 8,, 4.01, 8,4 3.77
and Ad,, ., 0.24].

Careful inspection of the 'H NMR spectra of com-
pounds 2 and 3 recorded at room temperature revealed
complex signals for the protons in positions 4(4’) and
6(6"). Instead of the simple AX system, the pattern of
an AA'’XX’ spin system was observed. The complex
structure of the signals is due to the long-range couplings
involving the protons of the heterocycle. The values of
the coupling constants in 2 were calculated from the
simulated spectrum (J4, 6c = — 1.7, J4(6)a,6(4e = —0.47 and
Jupa,a6e= —10.9 Hz) and are similar to data reported
for other anancomeric 1,3-dioxane compounds.!'8
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Table 2. Significant NMR data (3) for compounds 1-6.

Positions 4(4’), 6(6)

Compound Positions 2(2) Equatorial Axial A
1 5.30 3.87 3.43 0.44
2 5.18 5.04 3.95 1.09
3 5.25 3.62 3.25 0.27
4 (diastereoisomer ) 5.27 3.89 3.08 0.81
5 (diastereoisomer I) 5.41 4.15 3.68 0.47
6 (cycles A) (5.259, 5.268 3.610, 3.614 3.280 0.33
6 (cycles B) (5.283, 5.292) 3.702, 3.698 3.22 0.47-0.48
Ry
1 () 4 s R
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A , ' l' 2 3 4
o
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L A —0 ,
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Fig. 2. "H NMR spectrum (fragment) of compound 2.

Compounds 4-6 also display anancomeric structures
showing the equatorial position of the 1,4-phenylene
group in both heterocycles. The substituents in positions
5 and 5, however, can take up equatorial or axial
positions, generating three diastereoisomers [Scheme 3,
trans or cis dispositions of the substituents in position
5(5) and of the aromatic ring in position 2(2')].

The diastereoisomer in which the reference groups in
position 5(5) (Me for compound 4, Ph for compound
5, Et in the case of compound 6) and the aromatic
substituent in position 2(2’) are trans with respect to
both 1,3-dioxane rings is denoted with I. The diastereo-
isomer displaying the above-mentioned groups cis with
respect to both heterocycles is denoted II, whereas the
diastereoisomer showing a cis configuration for the sub-
stituents belonging to one of the 1,3-dioxane rings and a
trans configuration for the substituents on the second
dioxane ring is denoted III.

The synthesis of compounds 4 and 5 leads to a mixture
of diastereoisomers, I and III. The high proportion of
isomer I (compound 4: 85% and compound 5: 70%) as
calculated from the integrals of the specific signals in the
!H NMR spectra, is in agreement with an equatorial
preference of the Me and Ph groups (AGy.=0.80-0.89
and AGy, =1.03 kcal mol~1)! located at position 5 of the
1,3-dioxane ring. However, the higher proportion of
diastereoisomer III in the synthesis of compound 5 than
in the case of compound 4 does not accord with the
reported A-values of the two substituents (Me and Ph).

The axial or equatorial position of the substituents at
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Scheme 3.

position 5(5’) was deduced from the values of the coup-
ling constants of the proton in position 5(5’). If this
proton were to exhibit an equatorial orientation it would
show a small coupling with the vicinal equatorial or axial
protons (Joq_ox and Je, o). If axial, however, its coupling
constants with the vicinal axial proton would show high
values (J,, ,,).! The main isomer, I, of compounds 4 and
5 was obtained as a pure product by several crystallisa-
tions from ethanol. The NMR spectra of this isomer
showed one set of signals for the protons and the carbon
atoms of the two heterocycles. The pattern of the *H
NMR spectrum is characteristic of an anancomeric
1,3-dioxane ring bearing an equatorial substituent in
position 5 of the heterocycle [e.g., the spectrum of
compound 4 exhibits a doublet of doublets (6 3.89,
Jaw).66"eq-aa)667ax = 11.3 and Juuy 6(6'1eq-55"ax =4.6 Hz)
for the equatorial protons and a triplet (overlapped
doublet of doublets, & 3.08, Jyu) 66)ax-5:5"x=11.3 Hz)
for the axial protons in positions 4(4') and 6(6")].

The structure of the minor isomer was deduced from
particular characteristics in the 'H NMR spectrum of
the mixture of isomers. Thus, after removal of the signals



belonging to the main isomer, two other sets of signals
with similar intensities were observed. These signals
belong to diastereoisomer III, which shows two different
1,3-dioxane rings, one of which exhibits an equatorial
methyl group in position 5 while the other ring has an
axial methyl substituent. The protons in positions 2 and
2’ show two singlets (8 5.30, 8’ 5.32) and for the methyl
groups in positions 5 and 5’ two doublets [6(CH;),, 1.18
and 8(CHj),, 0.22] were recorded. For the aromatic
protons, instead of the singlet recorded in the case of
compounds 1-3 and of diastereoisomer I of compounds
4 and 5, the characteristic AB system for 1,4-disubstituted
benzenes with different groups (3, 7.60, 8; 7.75 and J=
8.1 Hz) was observed.

The insignificant difference in the conformational
free enthalpies (A4-values) between the methyl and
the ethyl groups located in the aliphatic part of the
1,3-dioxane ring (AGy,=0.80-0.89 and AGg.=
0.75-0.81 kcal mol~*)! may be the cause of the presence
of three possible diastereoisomers during the synthesis of
6 (Scheme 3). The ratio between these isomers is in
accordance with statistical rules (I:II:1II=1:1:2). The
!H NMR spectrum (Fig. 3, Table 2) of this compound,
a mixture of all diastereoisomers, showed for the protons
in positions 2 and 2’ four singlets with fairly similar
intensities. The protons in position 2 and 2’ are equivalent
in diastereoisomers I and II but are different in diastereo-
isomer III. Similar intensities for the four signals can
only be obtained if diastereoisomer III has twice the
population of diastereoisomers I and II. Diastereoisomers
I and I have similar populations in agreement with their
similar conformational energies. The signals of these
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Fig.3. 'H NMR spectrum (fragment) of the mixture of

diastereoisomers of compound 6.
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three diastereoisomers are overlapped and their complete
NMR characterisation was not possible. However, two
important groups of signals of similar intensities could
be observed. One set of signals belongs to the rings
(denoted A) bearing equatorial ethyl groups, the two
heterocycles of diastereomer I and one of the 1,3-dioxane
rings of diastereoisomer III and the other set of signals
is due to the protons of the rings (denoted B) bearing
axial ethyl groups (the two rings of diastereoisomer II
and one 1,3-dioxane ring of diastereoisomer III). The
assignment of the signals belonging to the substituents
at position 5(5") took into account the significantly
higher deshielding of the protons in the axial groups [for
the ethyl group: AS(CH;)uxeq 1.01 and AS(CHj)ux q
0.23; for the methyl groups: Ad,, ., 0.89, Table 3]. The
assignment of the signals due to the protons in positions
4(4') and 6(6') for the two types of ring was made using
NOE experiments. Irradiation of the singlet due to the
protons of the axial methyl group (8 1.17) showed in the
NOE difference spectrum a large influence on the doublet
at 8 3.61 (equatorial protons of rings A) while irradiation
of the singlet due to the protons of the equatorial methyl
groups (8 0.28) showed, in the NOE difference spectrum
an influence on the doublets belonging to the protons of
ring B (8¢, 3.70 and 8,, 3.22). The higher influence of
the NOE effect on the more shielded doublet confirmed
the axial position of the protons associated with this
signal. The equatorial position of the protons giving the
more deshielded doublet (rings B) was confirmed by
irradiation of the quartet due to the methylene protons
(0 1.72) of the axial ethyl group (rings B). When the
NOE difference spectrum was recorded a large enhance-
ment was observed only on this doublet (3 3.70). The
2D-homonuclear COSY spectrum revealed long range
couplings (“J~ 2.0 Hz) between the protons of the axial
methylene or the methyl groups in position 5(5') and the
axial protons of the heterocycles [positions 4(4") and

6(6')].

Conclusions

The present study on the stereochemistry of 1,3-dioxane
derivatives of 1,4-benzenedicarbaldehyde has shown the
anancomeric structure of all the investigated compounds
(1-6) and the preference for equatorial disposition of
the aromatic group of both heterocycles. The diastereo-
selectivity of the acetalization reaction for diastereoiso-
mer I in compounds 4 and 5 has been explained by the
equatorial preference of the substituents located in posi-

Table 3. "TH NMR data (8) for the substituents located at position 5(5') of the 1,3-dioxane rings in compound 6.

Ethyl Methyl
Ring -CHa(eq) —CH,(ax) -CHs(eq) —CHj(ax) eq ax
A 0.71 — 0.529, — — 1.17
0.532
B — 1.72 — 0.757, 0.762 0.276, 0.280 —

369



GROSU ET AL

tion 5(5') of the heterocycles. The preference for dia-
stereoisomer III during the synthesis of compound 6 is
considered to be determined by statistical rules. The
equatorial and axial dispositions of the substituents
located in position 5(5’) of the 1,3-dioxane ring have
been deduced from the specific values of the coupling
constants and chemical shifts.

Experimental

General. NMR: Bruker AM 400 (400 MHz and
100.6 MHz for 'H and '3C, respectively). and Varian
Gemini 300 (300 MHz and 75 MHz for 'H and 3C).
Me,Si was not added and the chemical shifts are relative
to the solvent line of C4D4. Melting points were deter-
mined with an Electrothermal apparatus and are
uncorrected.

X-Ray crystallographic study. Compound 2. C,sH;,0,,,
monoclinic,  P2,/c, a=12.875(2), 5=9.547(4),
c=12027(1)A,  B=11529(1)°, V=1336.7(5) A3,
Z=2, D,=1338Mgm®, A(MoKa)=0.70926 A, p=
0.994 cm™!, F(000)=572. T=294 K. final R=0.042 for
1379 observations. The sample (0.40 x 0.40 x 0.55 mm)
was studied on an automatic CAD4 Enraf-Nonius
diffractometer with graphite monochromated Mo Ko
radiation. The cell parameters were obtained by fitting a
set of 25 high-theta reflections. The data collection
[260.,=50° scan ®/20=1, ¢,,,=60s, range Akl
h—15.15, k 0.11, / 0.14, intensity controls without appre-
ciable decay (0.3%)] gave 2632 reflections from which
1379 were independent (R=0.014) with I>3c(l).

After Lorenz and polarisation corrections the structure
was solved by direct methods with the program
SHELX-86."* The structure determination revealed all
the non-hydrogen atoms of the compound. After iso-
tropic (R=0.010), then anisotropic refinement (R=
0.083), all the hydrogen atoms were found with a Fourier
difference (between 0.55 and 0.21 e A~3). The complete
structure was refined by the full-matrix least-square
techniques {use of F magnitude; x, y, z, B;; for C and O
atoms and x, y, z for H atoms; 224 variables and 1379
observations; w=1/c(F,)?=[c2(I)+(0.04F,2)?] 1%}
leading to R=0.044, R,=0.042 and S,=0.79 (residual
Ap<0.19e A73).

Atomic scattering factors were taken from
International Tables for X-Ray Crystallography.'* The
calculations in connection with the structure determina-
tion were performed on a Hewlett Packard 9000 x 710
while refinement and ORTEP calculations!>'¢ were per-
formed on a Digital MicroVAX 3100 computer with the
MOLEN package (Enraf-Nonius, 1990).

Compounds 1-6. General Procedure. 0.2 mol of the
1,3-diol and 0.1mol of 1,4-benzenedicarbaldehyde
together with a catalytic amount of p-toluenesulfonic
acid (0.1 g) were dissolved in 200 ml of benzene. The
mixture was refluxed and the water formed was removed
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using a Dean-Stark trap. When 80% of the theoretical
amount of water had been formed, the catalyst was
neutralised with CH;COONa powder in excess (0.2 g)
with stirring over 0.5 h. The reaction mixture was washed
twice with 100 ml water. The organic layer was dried
with Na,SO,, the benzene was removed and the
1,3-dioxane derivatives purified by crystallisation from
ethanol.

1,4-Bis( 1,3-dioxan-2-yl) benzene 1. Solid, white crystals,
m.p. 156-157°C. Yield 60%. Found: C 66.83; H 7.02.
Calc. for C;4;H;30,: C 67.18; H 7.25. 'H NMR (C¢Dy):
0 0.64[2H,dtt, J=13.3,J'=2.5,J"=1.3 Hz, 5(5')-Hegl,
1.85 [2 H, dtt, J=13.3, J'=12.3, J’=4.9 Hz, 5(5')-H,,],
3.43 [4H, ddd, J=11.8, J'=12.3, J'=2.5 Hz, 4(4)-H,,,
6(6')-H.,], 3.87 [4 H, ddd, /=11.8, J'=4.9, J’=1.3 Hz,
4(4')-Heq, 6(6')-Hey1, 5.30 [2H, s, 2(2')-H,,], 7.73(4 H,
s, aromatic protons). *C NMR (C¢Dy): & 26.01 (C>%),
64.08 (C*+5%), 101.57 (C>?), 126.39 (tertiary aromatic
carbon atoms), 140.12 (quaternary aromatic carbon
atoms).

Tetraethyl-2,2'-( 1,4-phenylene ) bis( 1,3-dioxane)-5,5.5",5 -
tetracarboxylute 2. Solid, white crystals. m.p. 110-111 "C.
Yield 66%. Found: C 58.27; H 6.48. Calc. for C,sH;,0;.,:
C 57.99; H 6.36. '"H NMR (C¢Dg): 6 0.79 [6H, t, J=
7.1 Hz, 5(5")-COOCH,CH;(eq)],0.89[6 H, t, J=7.1 Hz,
5(5)-COOCH,CH,(ax)], 3.77 [4 H, q, J=7.1 Hz, 5(5')-
COOCH,CH;(eq)], 3.95[4 H, d, /=109 Hz, 4(4')-H,,,
6(6'>-H,,], 401 [4H, q, J=7.1Hz, 5(5)-
COOCH,CHj;(ax)], 5.04 [4 H, d, J=10.9 Hz, 4(4')-H,,,
6(6')-He,l, 5.18 [2 H, 5, 2(2')-H,,], 7.58(4 H, s, aromatic
protons). *C NMR (C¢Dg): & 13.74 [5(5)-
COOCH,CH;(eq)], 1391 [5(5)-COOCH,CH;(ax)],
53.58 (C>%), 61.47 [5(5')-COOCH,CH,(eq)], 61.59
[5(5)-COOCH,CH,(eq)], 69.72 {C**-%)  101.44
(C*?%), 137.40 (tertiary aromatic carbon atoms), 138.95
(quaternary aromatic carbon atoms).

1,4-Bis( 5,5-dimethyl-1,3-dioxan-2-yl)-benzene 3. Solid,
white crystals, m.p. 203-204°C. Yield 63%. Found: C
70.80; H 8.71. Calc. for C,zH,c0,: C 70.56; H 8.55. 'H
NMR (C4Dy): § 0.33 [6 H, s, 5(5')-CH,(eq)], 1.18 [6 H,
s, 5(5')-CHs(eq)], 3.25 [4 H, d, J=10.8 Hz, 4(4')-H,,,
6(6)-H,,], 3.52 [4H, d, J=10.8 Hz, 4(4)-H,,, 6(6')-
He,], 525 [2H, s, 2(2)-H,], 7.77(4H, s, aromatic
protons). *C NMR (C¢Dg): & 21.69 [5,5-CH;(eq)],
23.16 [5,5-CH,(ax)], 30.04 (C>%), 77.46 (C*+6:5)
101.62 (C*?), 126.52 (tertiary aromatic carbon atoms),
139.93 (quaternary aromatic carbon atoms).

1,4-Bis( 5-methyl-1,3-dioxan-2-yl) benzene 4 (diastereo-
isomer 1). Solid, white crystals, m.p. 169-170 °C. Yield
75% for the mixture of diastereoisomers and 20% for the
separated diastereoisomer I. Found: C 68.78; H 8.12.
Calc. for C;cH,,0,: C 69.04; H 7.97. 'H NMR (C¢Dg):
8 021 [6 H, d, J=6.7 Hz, 5(5')-CH;(eq)], 1.93 [2H, m
(overlapped peaks), 5(5)-H,], 3.08 [4 H, t (overlapped
dd), J=J'=11.3 Hz, 4(4')-H,,, 6(6')-H,], 3.89 [4H,
dd, J=11.3, J'=4.6 Hz, 4(4')-H,,, 6(6')-H,,], 5.27 [2 H,



s, 2(2')-H,,], 7.76(4 H, s, aromatic protons). 13C NMR
(CeDg): & 11.96 [5,5-CH,(eq)], 29.40 (C>%), 73.46
(C**6%) 101.24 (C>?), 137.39 (tertiary aromatic
carbon atoms), 139.73 (quaternary aromatic carbon
atoms).

1,4-Bis( 5-phenyl-1,3-dioxan-2-yl) benzene 5 (diastereo-
isomer I). Solid, white crystals, m.p. 216-217°C. Yield
55% for the mixture of diastereoisomers and 23% for the
separared diastereoisomer I. Found: C 77.83; H 6.77.
Calc. for C,sH0,: C 77.59; H 6.51. 'H NMR (C¢Dq):
83.16[2H, tt, J=11.0,J'=4.6 Hz, 5(5')-H,,], 3.68 [4 H,
t (overlapped dd), J=J'=10.8 Hz, 4(4')-H,,, 6(6')-H,,],
4.15[4 H, dd, J=10.8, J'=4.6 Hz, 4(4')-H,, 6(6')-H,y],
5.41 [2 H, s, 2(2')-H,,], 7.86 (4 H, s, aromatic protons).
13C NMR (C¢Dg): & 41.47 (C>), 72.30 (CH*5%),
101.34 (C?>?), 126.58, 127.92, 128.33, 128.89 (tertiary
aromatic carbon atoms), 132.90, 140.33 (quaternary aro-
matic carbon atoms).

1,4-Bis( 5-ethyl-5-methyl-1,3-dioxan-2-yl) benzene 6 (mix-
ture of diastereomers). Solid, white crystals,
m.p. 203-204 °C. Yield 78%. Found: C 72.07; H 9.22.
Calc. for CooHs,04: C 71.82; H 9.04. 'H NMR (C¢Dy):
8 0.276, 0.280 [3 H, s, 5(5')-CH3(eq)], 0.529, 0.532 [3 H,
t, J=7.7Hz, 5(5)-CH,CHj(eq)], 0.71 [2H, q, J=
7.7Hz, 5(5)-CH,CHs(eq)], 0.757, 0.762 [3H, t, J=
7.7 Hz, 5(5")-CH,CH,(ax)], 1.17 [3 H, s, 5(5')-CH;(ax)],
1.72 [2H, q, J=7.5Hz, 5(5')-CH,CH,(ax)], 3.22 [2H
(rings B), d, J=11.3Hz, 4(4')-H,,, 6(6')-H,,], 3.28
[2H (rings A), d, J=11.3 Hz, 4(4')-H,,, 6(6')-H,,], 3.61
[2H (rings A), d, J=11.3Hz, 4(4)-H, 6(6)-H],
3.70 [2H (rings B), d, J=11.3 Hz, 4(4')-H,y, 6(6')-H],
5.259, 5.268 5.283, 5.292 [2 H, s, 2(2')-H,,], 7.73, 7.75,
7.77(4 H, aromatic protons) 3C NMR (C¢Dg): 8 6.91
[5(5)-CH,CHs(eq)], 8.04 [5(5)-CH,CH,(ax)], 18.08
[5(5)-CHs(eq)], 19.69 [5(5')-CHs(ax)], 27.22 [5(5')-

DIOXANES OF BENZENEDICARBALDEHYDE

CH,CH;(eq)], 28.90 [5(5')-CH,CHj;(ax)], 32.61, 32.63
(C>%), 75.62, 76.75 (C**-5%), 101.73, 101.93 (C*?),
137.50 (tertiary aromatic carbon atoms) 139.84, 139.93
(quaternary aromatic carbon atoms).
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