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SYNTHESIS AND THREE-DIMENSIONAL STRUCTURE OF 5,5-DISUBSTITUTED 

2-ALKOXY-I,3-DIOXANES 

L. F. Lapuka, O. B. Chalova, 
E. A. Kantor, T. K. Kiladze, 
and D. L. Rakhmankulov 

UDC 541.63:547.841.07:543.422.25 

It was established by PMR spectroscopy that a chair conformation with an axial 
orientation of the alkoxy substituent is the primary conformation for 5,5-disub- 
stituted (and unsubstituted) 2-alkoxy-l,3-dioxanes. As compared with alkyl-l,3-di- 
oxanes, 2-alkoxy-l,3-dioxanes are characterized by reversal of the chemical shifts 
of the axial and equatorial protons attached to C~ and C6. 

Little study has been devoted to the stereochemical peculiarities of 2-alkoxy-l,3-diox- 
anes. Only several studies [1-4] in which the conformational equilibria of a number of 4--, 
4,6--, and 4,4,6-methyl-substituted 2-methoxy-l,3-dioxanes are known. 

We have synthesized a number of 2-alkoxy-l,3-dioxanes with the general structure I-IX: 

R 3 R ~ 

R~O R' 

I - I X  

[ R~=R2=H, R3=CHa, R4=C2H~; II RI=R2=H, Ro=CH~, R4=n-C3H7; III RI=R2=H, 
Rs=CH3, R4=i-C~HT; IV RI=R~=H, R3=CH3, R4=n-C4Hg; V RI=R2=H, R3=CH2C1, 
R4=C2Hs; VI RI=R~=RZ=H, R~=C2Hs; VII RI=R2=Ra=H, R4=i-C3HT; VIII 

RI=R4=CH3, R2=R3=H; IX RI=R2=CH~, R3=H, Rg=C2H5 

The configurations and primary conformations of dioxanes I-IX were determined by an anal- 
ysis of the character of the multiplet splitting and the chemical shifts of the resonance 
lines of the protons in the PMR spectra of 10% solutions of these compounds in carbon tetra- 
chloride, deuteroacetone, and deuterochloroform. 

It is generally accepted that a chair conformation with an axial orientation of the alk- 
oxy group is the preferred conformation in 2-alkoxy-l,3-dioxanes [1-6]. 

In the PMR spectra of I-V (Table i), as a censequence of a shift of the conformational 
equilibrium to favor a certain primary conformation, the protons of the methylene groups in 
the equivalent 4 and 6 positions give a typical AB quartet with a geminal constant of--ll.O Hz. 
The magnitude of the 2Jae constant and the rather great magnetic nonequivalence of the axial 
and equatorial protons of these groups (A~ = 0.4-0.5 ppm) constitute evidence for a chairlike 
conformation of the ring [7-10]. 

In contrast to alkyl-l,3-dioxanes [8], the axial protons attached to C4 and Ca resonate 
at weaker field (8 3.65 ppm for I-IV and 3.95 ppm for V)than the equatorial protons (~ 3.16- 
3.20 ppm and 3.57 ppm, respectively). The reversal of the constants of shielding of the H a 
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TABLE i. Chemical Shifts and Spin--Spin Coupling Constants in 

the PMR Spectra of 2-Alkoxy-l,3-dioxanes 

Corn- 8, ppm J, Hz 

pound 2-H 6"He { 6"Ha Re a Ra 3 R ~ 6a6e 

i a 
II a 

Ill a 
IV a 

VII b 
VIII c 

IX d 

5,17 
5,10 

5,17 
5,13 

5,20 
5,10 
5,16 

3,21 3,63 
3,17 3,64 

3,16 3,65 
3,20 3,63 

3,57 3,95 
3,57 4,03 
3,58 4,03 
3,44 3,94 
3,53 3,93 

0,84 0,92 
0,82 0,97 

0,82 0,96 
0,81 0,94 

3,50 3,73 
1,47 1,76 
1,47 1,75 
1,23 1,92 

1,10, 3,52 
0,90, 1,54, 

3,40 
1,12, 3,89 
0,84, 1,40, 

3,42 
1,16, 3,55 
1,15, 3,50 
1,11, 3,74 
3,15 
1,12 

--11,0 
--10,8 

-11,0 
--10,8 

--11,0 
--11,2 
--11,4 
--11,4 
--11,4 

I 
6a5a I 6aSe 6e5a 

~-,4 4~ 53 
8,4 4,0 5,2 

11,4 3,0 5,2 
10,8 3,8 4,8 

6e5e 5a5e 

43 -13,3 
4,2 -13,0 
1,6 - 13,8 
2,0 -12,0 e 

d82-Me aaJ~e6 e = 1.3 Hz. bSJ2e5 e = 1.0 Hz. c~2-M e 1.23 ppm. 
1.25 ppm. eIn solution in d6-acetone. 

TABLE 2. 

C o m -  
pound  

I 
II 

III 
IV 
V 

VI 
VII 

2-Alkoxy-i, 3-dioxanes 

o C M;~D { Found, % bp, 
(Film) a'~~ r iD2~ . . . .  | 

[found calc,[ c H 

36 (1) 0,9861 1,4241141,41 41,84 59,8 
68--69 (7) 0,9562 1,4279] 46,80 46,51 61,9 
35--37 (I) 0,9509 1,42501 46,79 46,52 61,9 
63--64 (2) 0,9446 1,4302 51,43 51,14 63,7 
89--91 (2) 1,2737 1,4759 50,70 50,76 41,9 

65 (15)  1,0449 1,4255[ 32,34 32,57 54,5 
37,26 57,4 
32,55 54,4 
41,84 59,8 

10,1 CstI~sOa 
10,5 CgH1,sO3 
10,5 C9H1,803 
10,8 CloH2oO3 
6,2 CsHI4C120~ 
9,2 C6H~203 
9,7 C7HI4Os 
9,2 C~HmOa 

I C~c.,  % 
Empirical _ 
form ula 

H 

60,0 10,1 
62,0 10,4 
62,0 10,4 
63,8 10,7 
41,9 6,2 
54,5 9,2 
57,5 9,6 
54,5 9,2 

i 57 (12)  1,0189 1,4270136,79 
VIII :53--55 (12) 1,0387 1,4215 32,26 

IX 76--77 (20) 0,9780 1,4200 41,40 I0,I C8H1803 60,0 10,1 

and H e protons can be judged from the additional splitting of the lines of the high-field 
part of the AB quartet with spin--spin coupling constant (SSCC) ~J~e6e = 1.3 Hz. The magni- 
tude of the splitting is characteristic for long-range spin--spin coupling (LRSSC) of protons 
through four ~ bonds in a planar zigzag (W) form [ii]. 

The LRSSC between the axial 4-- and 6-H protons and the protons of the axial 5-CH3 group 
(8 0.92-0.97) also indicates reversal of the Ha and H e shielding constants. This fact was 
detected by means of a homonuclear ~H--{CH3}INDOR experiment. Long-range spin--spin coupling 
is also manifested in the different half width of the bands of the protons of the groups of 
the substituents attached to C5 in axial and equatorial orientations [A@/2(a) -- &vl/2(e)~ 
0.6 Hz]. 

The reversal of the chemical shifts of the Ha and H e protons attached to Ca and C6 can 
be explained qualitatively by the magnetic anisotropy effect of the unshared pair of the oxy- 
gen atom of the axially oriented alkoxy group if one assumes a primary exo conformation for 
RO. The reasons for the preferableness of an axial orientation of the electron-withdrawing 
group in the a position relative to the ring heteroatom -- the "anomeric effect" -- has been 
discussed in detail in the literature [5, 6]. Correspondingly, the 2-H proton is equatori- 
ally oriented (8 5.10-5.25 ppm). 

It should be noted that the protons of the axial substituent attached to C5 resonate at 
weaker field than the protons of the equatorial substituent (Table i). This reversal of the 
chemical shifts is characteristic for 1,3-heterocycles in the chair conformation and is pri- 
marily due to the anisotropy of the diamagnetic susceptibility of the unshared electron pairs 
of the oxygen atoms [12-14]. 

The spectra of the methylene protons in the 4 and 6 positions of VI-VIII are more com- 
plex as compared with the corresponding spectra of dioxanes I-V due to vicinal spin--spin 
couplings with the 5-H protons. As in the case of l-V, reversal of the chemical shifts of 
the H a and H e protons attached to C~ and C6 is observed for dioxanes VI-VIII; this is char- 
acteristic for compounds in a chair conformation with an axially oriented alkoxy substituent 
attached to C2. In addition, the correctness of the choice of the conformation for dioxanes 
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VI and VII is confirmed by the observed LRSSC between the equatorial 5- and 2-H protons, 

which is manifested as relative broadening of the signal of the 2-H proton and additional 
splitting of the 5-H e signal with 5JHH = 1.0 Hz. As regards VIII, it is known that an equa- 
torial orientation of the 2-CH3 group is energically more favorable than an axial orientation 
(AG o = 3.55 kcal/mole [8]), whereas an axial orientation of the methoxy group is more favor- 
able than the equatorial orientation (AG ~ = 0.50 kcal/mole [4]). Thus the 2-methyl(e)-2- 
methoxy(a) Conformer is ~4 kcal/mole more stable than the 2-methyl(a)-2-methoxy(e) conformer. 
Consequently, it may be assumed that VIII exists virtually completely in the form of the en- 
ergically more stable conformer. 

The SSCC for methoxydioxane VIII (Table i) are typical for the protons of the 1,3-diox- 
ane ring in a conformation that is close to the "ideal" chair conformation [7-9]. The SSCC 
for VI and VII differ considerably from the canonical values. Thus 3J~a5 a = 3J~a5 a decreases 
to 8.4 Hz, while SJ4e5 e = 3J6es e increases to 4.2 Hz. We were unable to record alternative 
conformations at --80 to +20~ since the changes in the SSCC virtually do not exceed the ex- 
perimental error. It may be assumed that the changes in the SSCC arise as a result of a de- 
crease in the Ha-C~-Cs--H e and He--C~--Cs--H e dihedral angles, which corresponds to flattening of 
the carbon part of the ring. 

To estimate the distortion of the conformation we used the approximate R-factor method 
[9, 15]. In the case of VI and VII, R = 1.35, i.e., torsion angle ~ ~50 ~ In 1,3-dioxane 

= 54 ~ [9]. The observed flattening of the carbon part of the ring of VI and VII may be due 
to free rotation of the alkoxy substituent about the exocyclic C-O bond. 

Judging from the published data [i, 8], isomerism due to the different orientations of 
4-CH3 is possible for 2,4-dimethyl-2-ethoxy-l,3-dioxane. However, the spectrum of IX (Table 
i) is the spectrum of an individual isomer in the preferred chair conformation with an axial 
orientation of OCH3. The orientation of 4-CH3 can be determined from the SSCC of the 4-H 
proton. The SJ~Hsa value of 10.8 Hz corresponds to e ~ 180 ~ on the Karplus curve[J9] and in- 
dicates an axial--axial orientation of the C~--H and Cs--H bonds. The 3J~H5 e constant of 3.8 Hz 
gives a e value close to 55 ~ and corresponds to an equatorial--axial interaction of the corre- 
sponding protons. In addition, this e value constitutes evidence for a trans orientation of 
the 5-H e and oxygen atoms of the heteroring. These results confirm the choice of the orien- 
tation of the substituents and the conformation of the ring. Thus the 4-CH3 group is oriented 
equatoriaily, and IX is the 4e-CH3--2a-OC2Hs or trans isomer. 

EXPERIMENTAL 

The PMR spectra of solutions of the investigated compounds were recorded with a Tesla 
BS-497 spectrometer (i00 MHz) at room temperature with hexamethyldisiloxane as the internal 
standard. To ascertain the structures of the overlapped signals of the protons we used spin 
decoupling, INDOR, and recording of the spectra of solutions in deuteroacetone and deutero- 
chloroform. 

2-Ethoxy-l,3-dioxanes I, V, and VI. These compounds were synthesized by transesterifi- 
cation of triethyl orthoformate with diols by the method in [16]. 

2-Alkoxy-l,3-dioxanes II-IV and VII. These compounds were obtained by heating mixtures 
of equimolar amounts of 2-ethoxy-l,3-dioxane and the corresponding alcohol in the presence of 
p-toluenesulfonic acid (0.5%) at 100-110~ for 2-3 h with simultaneous removal of the liber- 
ated ethanol by distillation. At the end of the reaction the mixture was neutralized with 
dry sodium carbonate and filtered, and the reaction products were isolated in 70-80% yields 
by vacuum distillation. 

2-Alkoxy-2-methyl-l,3-dioxanes VIII and IX. These compounds were synthesized by stir- 
ring mixtures of the alkyl acetimidate hydrochloride (0.2 mole) [17] and the diol (0.2 mole) 
in i00 ml of pentane at room temperature until the phases were mixed completely and ammonium 
chloride was liberated. The precipitate was then removed by filtration, and the pentane was 
removed by distillation. Vacuum distillation of the residue gave alkoxydioxanes VIII and IX 
in 55-60% yields. 

The physicochemieal constants of I-IX are presented in Table 2. 

The authors thank T. A. Rudkevich for his participation in the experimental part of 
this research. 
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REACTION OF 5-CHLOROANTHRA[I,9-cd]-6-ISOXAZOLONE 

WITH PYRIDINE BASES 

L. M. Gornostaev, G. I. Zolotareva, 
and D. Sh. Verkhovodova 

UDC 547.786.37'828 

In the reaction of 5-chloroanthra[l,9-cd]-6-isoxazolone with pyridine bases the 
chlorine atom is substituted to give the corresponding pyridinium salts. The pyr- 
idine ring of the synthesized anthra[l,9-cd]isoxazol-6-one-5-pyridinium chloride 
was cleaved by the Zincke method. The reduction of the cleavage product, viz., 
N-(anthra[l',9'-cd]isoxazol-6-on-5-yl)-5-amino-2,4-pentadienal, under various con- 
ditions was investigated. 

In [i, 2] it was shown that 5-haloanthra[l,9-cd]-6-isoxazo!ones are readily aminated by 
alkyl- and arylamines. It seemed of interest to study the behavior of isoxazolone I with 
respect to pyridine bases. We found that pyridine and 8-picoline are quaternized by isox- 
azole I under mild conditions; pyridinium chlorides IIa,b were isolated in high yields. 

O---N 

+ N 

0 C! 
! 

I l a  R=H; b R=CH 3 

alb�9 I- 

This confirms the higher lability of the chlorine atom in I as compared with l-chloro- 
anthraquinone, which reacts with pyridine only under severe conditions [3]. 
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