Bull. Inst. Chem. Res., Kyoto Univ., Vol. 50. No. 4, 1972

Syntheses of Some Derivatives of 1,4-Dioxane
and 1,3-Dioxolane

Shigeo Tanmvoto,* Yoshihisa Imazu,** Mitsuru Imuta® and Masaya Oxano*

Recetved May 1, 1972

A convenient route to 2,3-diamido-1,4-dioxanes, 4,5-diamido-2-methyl-1,3-dioxolanes, or 2-—
alkoxy-4,5-diamido-1,3-dioxolanes starting from carboxylic acid amides via A, /V’-(1,2-dihydroxy-
ethylene)bisamides was offered.

Diamino-1,4-dioxanes and diamino-1,3-dioxolanes would be interesting bifunctional
compounds having moderately water-soluble properties, but no description related to their
preparations has been found. In the present paper, we wish to describe a convenient
route to diamido-14-dioxanes and diamido-1,3-dioxolanes starting from carboxylic acid
amides via NV, NV'-(1,2-dihydroxyethylene)bisamides.

Syntheses of N,N’-(1,2-dihydroxyethylene)bisamides and N,N’-(1,2-dial-
koxyethylene)bisamides. Atfirst, the dihydroxybisamides were prepared by the reac-
tion of amides with glyoxal in the presence of a small amount of NaHCOs3, according to the
procedure by Vail ez «/1.2 The results are summarized in Table 1. An attempt to pre-
pare the the bisamide from 2-naphthamide or phthalimide resulted in failure, and this
may be attributed to the bulkiness of 2-naphthamido and phthalimido groups (see run 8
and 9 in Table 1). VYoshizawa and Taguchi® succeeded in isolation of two stereoisomers
(dl- and meso-form) of NV,N’'-(1,2-dihydroxyethylene)bisacrylamide prepared from ac-
rylamide, but failed in separation for a homolog, V,V'-(1,2-dihydroxyethylene)bismetha-
crylamide. Our attempts to separate the stereoisomers for several dihydroxybisamides
by application of various techniques were also unsuccessful.

Some of the dihydroxybisamides were converted to the corresponding dialkyl ethers
by the action of alcohols containing trace amounts of p-toluenesulfonic acid or HzSOq.
Ruggli and his co-workers®) formerly suggested the formation of two stereoisomers of
N, NV'-(1,2-diethoxyethylene)bisbenzamide (3b) (their melting points were 190-191°C
and 219°C). We also succeeded in separation of two stereoisomers having different
physical properties (e.g., melting point, solubilities) for each &,/NV’'-(1,2-dialkoxyethylene)
bisamides, utilizing differences in their solubilities in methanol or ethanol. All results

are summarized in Table 2.

* KR, FALE JE, MEFE#: Laboratory of Petroleum Chemistry, Institute for Chemical
Research, Kyoto University, Uji, Kyoto.
wk o ApErE X . Koei Chemical Co. Ltd., Joto-ku, Osaka.
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Table 1
) ) React. React. N,N'-(1,2-Dihydroxyethylene)bisamides
Run Acid amide temp. time, Vield Mo (I Anal Found
used (oc) (hr) Formula (t;) ! %)Oc()lt') : Caled.
° C(%)  H(%) N(%)
-~ a) . . =
1 CHCONH: 6062 1 (w60 8N 0% a7 1%
168-169%  40.92 6.80 15.44
2 CHsCONH: 20-30 50 (da) 60 (165 167)» 4090 687 15.90
- ) ) )
3 CsHsCONH, 60-80 1 av) e oiRer B9 2% 43
4 p-CICGHLCONH, 90 2 (l 94 1ss-lego 242 378 693
5 »CH;CsH;CONHp 80 2 (1) oz 179-18ow S22 648 B39
6 CHy(CHzuCONH, 90 2 (l 63 Ilz4-d270 9320 1184 508
55.91 4.68 18.29
7 N@—CONH2 60-65 05 () 82 los-les0 229 468 1829
8 2-CioH,CONH, 75-80 1 — 0 —— e — —
9  GCeH4(CO)pNH 100 2 — 0 — — — —
a) Recrystallized from 959 methanol.
b) Recrystallized from 809, ethanol.
¢) Purified by washing with ethanol.
d) Purified by precipitation from dimethylformamide solution by addition of water.

€)

Recrystallized from methanol.

2RCONH:

_______ — RCONHCH~-CHNHCOR

(1a)
(1b)
(1o)
1d)
(1e)

(1)

2R'OH

(2a)
(2b)
(3a)
(3b)

OH OH

R=CHs,
R=CgHs,
Re=p-CICsHy,
R:p—CI-I3C6H4,
R=CH3(CHa)1o,

R=N©—

OR’ OR’

R=CHj; R'=CH;,

R=CgHs; R'=CHa,
R=CHa; R’=CyHs,
R=CgHs; R'=CyHs,

RCONHCH~—CHNHCOR

Synthesis of 5-Substituted 2,3-Diamido-1,4-dioxanes.

enesulfonic acid catalyst.

cyclization reaction.
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The cyclocondensa-
tion of the dihydroxybisamide with appropriate glycols, such as ethylene glycol, propylene
glycol, and 3-chloro-1,2-propanediol, proceeded smoothly under the presence of p-tolu-
The obtained 2,3-diamido-1,4-dioxanes are tabulated in Table
3. With V,N'-(1,2-dihydroxyethylene)bisacetamide (la), the yield was unusually poor,
perhaps it arised from rather high solubility of the product in excess glycol employed
in the
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Table 2
R__eact. N, N’-(1,2-Dialkoxyethylene)bisamedes

Run Starting  Alcohol Catalyst (lig?lgr Found

material used Y R Yield Mp (lit.) Anal. Caled

reflux) Formula %) °0) aled.
(hr) ° C%)__H(%) N(%)
b _1ean 4672 775  13.89
50D 184-188D 4705 790 1372

1 (1a) Methanol TS® 1 (2a)

36 2272299 46.83 790 13.63
(225-226)b 47.05 7.90 13.72

65.63 6.22 8.38
469 183-186D 65.83 6.14 8.53

65.74  6.12 8.47
65.84 6.14 8.53

51.556 862 1213
51.70 868 12.06

2 (1b) Methanol HeSOy 2 (2b)
40 227-2290

35D 201-2049

a)  Ethanol
3 ({la)  Ethand TS LB s 5156 885 1216
5170 868 12.06
5o 18971989 6730 641 7.77
(190-191)% 67.39 679  7.86

4 (1)  Ethanol TS 2 @b

j0 230-2329 6752 691  7.62
(219)9 6736 679  7.86

a) TS; p-Toluenesulfonic acid.

b) The separation of two stereoisomers was easily effected by the prolonged suspension of
the isolated product in methanol (ca. 10-times as weighing as crystall). One isomer
(50 %), which is more soluble in methanol, was obtained by evaporation after filtration,
and the other isomer (369,) was collected as filter cake.

¢), d), e} The above procedure was used, but the following change in solvent was made:
for run 2, methanol (ca. 100-times in weight); for run 3, ethanol (ce. 30-times); for
run 4, ethanol (ce. 100-times).

f) Recrystallized from methanol.

g) Recrystallized from ethanol.

CHz-CHR’
] ]
-BE-—-Q—I:I—_-» RCON\H NHCOR — NHz NHj

VAN
N

AV
s

Vs
O o (¢] O
N

7N\
Vs

N

’

R
(42) R=CHas; R'=H,
(4b) R=CeHs; R'=H,
(4c) R=p-CICeHs; R'=H,

RCONHCH—CHNHCOR {(4d) R=p-CHaCsHy; R'=H,

'oH O (4¢) R=CH3(CHzo; R'=H,

(5a) R=CHj; R'=CHs,

(5b) R=CsHs; R’=CHj,

(5¢) R=p-CICsHy; R’'=CHs,

(5d) R=p-CHsCsHy; R'=CHj,

(5¢) R=CH3(CHbs)19; R'=CHs,

(PHz—(PHCHzCl
OH OH

- H N - NH
RCON>~< HCOR 9{ NIE 2

o o o o©

| — \._.<
CH.Cl CH:Cl
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(63.) R=CI‘13,
(6b) R=CgHs,
(6c) R=p-CICsHs,
(6d) Re==p-CHzCoHy

Unexpectedly, the preparation of diamino-14-dioxanes by hydrolysis of diamido-1,
4-dioxanes was failed. For example, when 2,3-dibenzamido-1,4-dioxane (4b) was treated
with aqueous acid or alkaline (e.g., conc. HCI, 5 HCI, or 40%, NaOH), any product
other than benzoic acid could not be isolated.

Further, a new kind of surfactant was prepared by the reaction of dilauroylamido-1,
4-dioxanes (de and 5e) with propanesultone.

Table 3

5-Substituted2,3-Diamido-1,4-dioxanes

Rup Starting Glycolc talyst if{d' liiiigt' Found
U haterial used CAtAYS p: Yield Mp (lit) Anal g

°C hr) F ul o °
(O n Tomle o) €0 sy D N

R 51 =py 47.58 7.09 13.81
1 (la) EG» TSS9 80 15 (4a) 18  230.5-231.59 4752 698 13.86

257-260D  66.04 5.58 8.68

2 (b)) EG HS0, 80 1 #b) 90 247 248 6624 556 858
3 a9 EG TS e 1 @9 70 zmemss o (R 70
4 a9 E6 TS s 2 ) s ze2esn oL £ T
5 9 Dpe TS o 1 4e) 67 les-leow 6941 1175 552

69.66 11.28 5.80

49.67 7.52 12.85
6 (la)y PGP TS 70-80 0.5 (5a) 58e)  226-2271 4999 746 12.96

) 66.66 5.94 8.15
7 (1b) PG HSO4 70-75 3 (5b) 87 264.5-265.5D 67.04 592 823

55.28 4.34 6.84
55.76  4.43 6.85

68.64 671  7.83
9 (1d) PG TS 80 2 (5d) 68 257-259D gy 657  7.60

69.86 11.87 5.34
70.11 11.36 5.64

4324 612 1125
11 (la) CP® TS 80 1 (6a) 15 251-262D 270 2ot 792

60.60 5.08 7.42
60.88 5.11 7.47

51.30 3.79 5.85
51.43 3.86 6.31

62.53 5.81 6.45
62.60 5.75 6.95

8 (l¢y PG TS 90 1 (5¢) 50  261-263D

10 (lep PG TS 100 2 (5¢e) 51  155-1579

12 (1b) CP HsS04 65-68 0.7 (6b) 65  255-2560

13 (ley CP TS 90 1 (6c) 67  261-262D

14 1) CP TS 80 2 (6d) 74 270-272D

a) EG; Ethylene glycol.

b) PG; Propylene glycol.

¢) CP; 3-Chloro-1,2-propanediol

d) TS; p-Toluenesulfonic acid.

e) The product was obtained after vacuum distillation of the reaction mixture.
f) Recrystallized from ethanol.

) Recrystallized from methanol.
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Syntheses of 4,5-Diamido-2-methyl-1,3-dioxolanes and 2-Alkoxy-4,5-dia-
mido-1,3-dioxolanes.  The synthesis of 4,5-diamido-2-methyl-1,3-dioxolanes was
achieved by the condensation of the dihydroxybisamides with acetaldehyde diethyl acetal,
in the presence of p-toluenesulfonic acid as a catalyst. Almost identical reaction tempera
ture (90-95°C) was applied in the cyclization to get smooth removal of the alcohol formed
during the reaction. All results are summarized in Table 4.

By a similar acid-catalyzed condensation with methyl or ethyl orthoformate, the
dihydroxybisamides afforded 2-alkoxy-4,5-diamido-1,3-dioxolanes in high yields, as
shown in Table 5.

CH;;CH(OCsz)z_> RCONH NHCOR
N\ s

1
Q

0O
e
CHy

RCONHCH—CHNHCOR (7a) R=CH,
oH OH (7b) R=CsHs,

(7¢) R=p-CICgHy,

(7d) R=p-CH3CeHs

CHORYs | RcoNH NHCOR

—r
o_0

Y

OR’
(8a) R=CHs; R’'=CHs,
(8b) R=CgHs; R'=CHj,
(8C) R=p-C1C6H4; R'=CH3,
(8d) R=p-CHzCsHy; R'=CHj,
(9a) R=CH3; R’=C2H5,
(9b) R=CgHs; R'=CzHs,
9c) R=p-ClCsHy; R’=CsHs,
(gd) R=;§-CH3C(;I‘I4; R'=CoHj

Table 4

React. React. 4,5-Diamido-2-methyl-1,3-dioxolanes

Run Starting

material Catalyst t((egr(lg. t(lgrrx)e Formula 3{7%);1;1 Mp (°C) Anal, gz‘fg&d
o Cl%)  H(%) N(%)
1 (la) TS® 90 1 () 54 zspmvm g L 140
2 ap TS %0 1 (m) 83 2230 oo 2R B
3 (Lo TS %0 05 (79 62 2apaasm  B49L 424 706
4 @d TS 9% 03 (7)) 64 234-236m o780 639 730

67.78  6.26 7.91

a) TS; p-Toluenesulfonic acid.
b) Recrystallized from ethanol.
¢) Purified by precipitation from ethanol solution by addition of water.
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Table 5
-Alkoxy-4,5-diamido-1,3-dioxol
Starting Ortho- React. React. 2-Alkoxy-4,5-diamido-1,3-dioxo Iainesd
Run .= formate Catalyst temp. time : d 1 foun
material = ceq °C) (hr) Formula '82’105131 1\(/{%)) Anal Caled.
o

C(%) H(%) N(%)
1 (la) MF® TS® 80 05 (8a) 70 2222235 foon SO7 1278

2 @y MF TS 70-8 05 (8b) 90 224-226 gg% gég g:ig

52.65 3.57 7.01

3 (o MF TS 85— 90 2 (8c) 90 234-238  o'zr glgn .81
a _ . 64.80 5.84 7.51
4 (1d) MI TS 85— 90 1 8d) 88  244-246 6485 5.99 756

: g 4619 6.83  12.00
5 (lay EF®» TS 90 05 (%) 88 228230 445y g9 1206

63.96 5.72 7.44
6 (1b) EF TS  85-100 1 (9b) 91 218220 6403 566 7.86

i ~ 53.38 4.29 6.6

7 () EF TS 90 1 ©9) 92 215218 29 15 229
y 65.45 636 718

8 (1d) EF TS  90-100 1 (od) 91 217221 22 250 Tao

a) MF; Methyl orthoformate.

b) EF; Ethyl orthoformate.

¢) TS; p-Toluenesulfonic acid.

d) All products were purified by recrystallization from ethanol.

EXPERIMENTAL

For each reaction, only representative examples are given.
The Reaction of Benzamide with Glyoxal. A suspension (adjusted to p& 8-9) of ben-
zamide (12.2 g, 0.10 mol), 409% glyoxal (7.3 g, 0.05 mol) and a small amount of NaHCOsz
in water (100 ml) was stirred at 60-80°C for 1 hour. The resulting precipitate was filtered
while hot, washed with hot water, dried, and purified (run 3 in Table 1).
The Reaction of (la) with Methanol. A mixture of (1a) (3 g, 0.017 mol), methanol
(40 g, 1.25 mol) and p-toluenesulfonic acid (0.1 g) was held at reflux for 1 hour. The
mixture was then cooled, and the precipitate was filtered, and recrystallized from methanol.
Since the resulting product is a mixture of two stereoisomers, the subsequent operation
(see footnote b in Table 2) using methanol was indispensable. The isomer ratio was found
to be 50 : 36.
The Reaction of N,N’-(1,2-Dihydroxyethylene)bislaurinamide (le) with
Ethylene Glycol. A mixture of (le) (2.5 g, 0.0055 mol), ethylene glycol (22 g, 0.35 mol)
and p-toluenesulfonic acid (0.2 g) was stirred at 140°C for 1hour. The reaction
mixture was poured into 300 ml of water under stirring, filtered, and the filter cake was
recrystallized from methanol (run 5 in Table 3).
The Reaction of N,N’-(1,2-Dihydroxyethylene)bisbenzamide (1b) with Acetal-
dehyde Diethyl Acetal. To a mixture of (1b) 2g, 0.0067mol) and acetaldehyde diethyl
acetal (10 g, 0.085 mol) was added dropwise at 90°C a solution of catalyst prepared by
dissolving p-toluenesulfonic acid (0.1 g) in acetaldehyde diethyl acetal (10 g, 0.085 mol).
The resulting mixture was stirred at 90°C for 1 hour under continuous removal of the
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ethanol generated in the reaction. At the end of the period of heating, a small amount
of water was added to the reaction mixture to remove ethanol easily. After cooling the
reaction mixture, the resulting precipitate was filtered and combined with the precipitate
obtained by vacuum distillation of the filtrate (run 2 in Table 4).

The Reaction of (1b) with Methyl Orthoformate. A mixture of (I1b) (10 g, 0.033
mol), methy orthoformate (80 g, 0.75 mol) and p-toluenesulfonic acid (0.5 g) was stirred
at 70-83°C for 0.5 hour under continuous removal of the methanol generated in the reac-
tion. After cooling the reaction mixture to room temperature, the resulting precipitate
was filtered and then recrystallized from ethanol (run 2 in Table 5).

The Preparation of Surfactants from Dilauroylamido-1,4-dioxanes and
Propanesultone. A mixture of (4de) (3 g), propanesultone (3 g) and NaOH (3 g) was
stirred at 150°C for 1 hour. The reaction mixture was poured into water and then
filtered. Saturated NaCl aqueous solution was added in one portion to the filtrate and
then the precipitated salt (a surfactant) was collected (2.2 g, yield 469%).

Anal. Found: N(%) 3.01. Calcd. for CgqHgaNoNagO10Se: N(%,) 3.63.

A mixture of (5e) (2.7 g), propanesultone (2.7 g) and NaOH (2 g) was stirred at
150°C for 1.5 hours and then worked up in a manner similar to that described above yield-
ing a solid salt (a surfactant) (2 g, yield 519%).

Anal. Found: N(%,) 2.88. Caled. for CgsHggNaNagO10S2: N (%) 3.56.
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