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ABSTRACT

In acid-catalyzed acetal cyclization of long aliphatic aldehydes(R=n-C:His ; n-CsH ; n-CuHz) with
1,1,1-tris(hydroxymethyl)propane, 2-alkyl-5-hydroxymethyl-5-ethyl-1,3-dioxanes were obtained.
The final products, sodium 2-alkyl-5-(sulfonatedpropylethermethyl)-5-ethyl-1,3~dioxanes, were
synthesized successfully in the reaction of three kinds of intermediates with 1, 3-propanesultion in the
presence of sodium hydride, These compounds were a new group of destructible surfactants which were
readily hydrolyzed and oxidized in natural water reservoirs. Physical properties of these new compounds
involved some surface properties such as Krafft point(Kp), critical micelle concentration(cmc), surface
tension of aqueous solutions near cmc(ymn), foaming power, emulsion power and hydrolysis properties
were determined.

The destructible surfactants containing 1, 3-dioxane ring were synthesized to about 85+5.5% vyield.
The cmc values of the compounds by ring method were assumed to 0.5~5.0x10°mol/L range and sur-
face tensions at cmc were 29.5~33.0dyne/cm respectively at 25%C. The foaming power and foam stab-
ility were 170~230mm and 52~135mm respectively at 1 xX102mol/L, foam was occurred rarely below 1 X
10”mol/L. The emulsion property of liquid paraffin was better than that of soybean oil. For hydrolysis
property with ph and time, these compounds were decomposed within about 200minutes at phl~2.
Hopefully these compounds are expected to be a good O/ W emulsifier that have decomposability in acid
and may be used in the process which do not need foaming,
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2. 2-alkyl-5-hydroxymethyl-5-ethyl-1, 3-
dioxanei2] &4
Hannig" 59 $dwdel wia} k23] 100
mlLe] EFAE 75t 8.04g(0.06mol) 2} 1,1,1-
tris(hydroxymethyl)propaneg £3jA1#H, 0.1g9



Vol. 13. No. 3(1996)

p-toluenesulfonic acidE 7}3t £ 9.20g(0.05mol) &
alkylaldehyde & X 4]3] & 7}X]7]3, Dean & Stark
A2 Bg F AAE 78 ERAH 3vd EFE
2 aNHoE AASAM BSAHTY AAES 2
Wzt 3 2wt% Na:C0s 200mL ¢} 55/ 200mLE z}
Z} 2~33] MAstgct A2$ 3 EEE /7890S
2 NaSOE AFAIF & AAHES AaasvlE]
el ol o3 Eeldty v B2 FHPES A
o
2-heptyl-5-hydroxymethyl-5-ethyl-1, 3~
dioxane{HD]
2-nonyl-5-hydroxymethyl-5-ethyl-1, 3-
dioxane[ND]
2-undecyl-5-hydroxymethyl-5-ethyi-1, 3~
dioxane{ UD]

3. Sodium 2-alkyt-5-( 1-sulfonatedpropyleth-
ermethyl ) -5-ethyl- 1, 3-dioxane&{-2| &4
200mL2] iAol 1.30g(0.12mol) & NaHE HEA]
71 ¥ A A8] 2-alkyl-5-hydroxymethyl-5-ethyl-
1,3-dioxane-g Z7}3}3L 3A|2F E}F ndt FEutS-S
A7l % 1,3-propanesultoneS HEL- Ao} A7}l
621 ot gt FFREGAIZ F A FAS
ol3] ot A= ez AdH st a3
22 AR FHES AUk
sodium 2-heptyl-5-(1-sulfonatedpropylether-
methyl) -5-ethyl-1, 3-dioxane{ SHD]
sodium 2-nonyl-5-(1-sulfonatedpropylether-
methyl)-5-ethyl-1, 3-dioxane[ SND]
sodium 2-undecyl-5-(1-sulfonatedpropylether-
methyl) -5-ethyl-1, 3-dioxane[ SUD]

AEES dazvETSE ALsld
2 Esad. &, #a=readde
30Xx400mm {2 B ALY R, £ASL Silica
gel 60G 300mE nAAIO. B2 o] 839 o o]EA}e)
788+ n-buthanol-xylene(4:6, v/v)& o]&
At olgAe] £%& smL/minoz P,
10mL¥ 2astel e Algo] st gfe o Z 2]
e EE sk

1,3-012408 $R@ B4 ARgdAel gde 2 AR 54 3

1A
flo

%2 E. MerckA](Silica gel 60G, 0.25mm,
20X 20cm) & o]-&alo] A|EE A7) S AHEs)
Aok, T3 v AN E 9 318y FE ] 9
8} 4} carbonwax 20M<S ZAHT AAII=E o} 87
GLCE AH&-3tdth

s 2-alkyl-5-hydroxymethyl-5-ethyl-1, 3
~-dioxane &9 Z7E3I sodium 2-alkyl-5(1-
sulfonatedpropylethermethyl) -5-ethyl-1, 3-diox-
aneFQl HEYAAEA UF M ZFEHS
FT-IR (Bomen Michelson series) oA #3334 %
A AHgsta] QAT F4 ARy FE AHEYL
FT—NMR(Gemini 300MHz) & A}&-3t 1, WHEE
FEA2A TMSE AHgstdon Alged] g guf
= 721224 CDCLE AH-slgla HEFEZd= Do
O& AFg3lgch. =3 44E¥EAE Carlo Erba In-
strument EA 1,108(He : 100mL/min., O2:29mL
/min., Temp. : 1000C) & AHg-3le] A sl

5. Al Eo] oM -

3ol wi o2 §Add 3F o AAE FHAY =2
& BE ABE 107°~10"mol/Lex ¥l 8
o tistd KS-M 00012l Ring Method®2 25C 4]
235

Krafft point 3 A8 24 o 1g85 FHsto
L AE AX T 100mLEZFe] AP ¥ 1L F/-F
Z A9 100mLE 3t o] AL F A
3] 258 28 A7) HolAle 228§ FHIAUTH

7izd 2 119 kg4 &3 ASTM D 1173~53
o] FAel w2} Ross-Mile'? el o]t} 30TCAA
Z4zbe] A8 1073~10"%mol/L 5l 8o
gt 238 71ZAIF AL semi-micro TK
WP 23] 108 F2o| AF Fol& 334

2% WA 2o 3 715 APL pHol oj&s)
t gdldl=e 48 GLCE &A3Yd. GLCe &5
Z2AZE p-xylene(10.6mg)2 A&t ©] E%F
B2 25T A wwtsly dA A F dude ¢S
GLCe) A&l oja) Bajde 2Rsgch

W #3 H 0F

1. 2-alkyl-5-hydroxymethyl-5-ethyl-1,3-



dioxaneF2| &4 | |
¥ 3ld EHAAARGHAAE A7 9% 27
&3¢ 2-alkyl-5-hydroxymethyl-5-ethyl-1, 3-d-
ioxaneE< §F2 o AZrlETYy] € AFZvlE
dojol ofsf EFAA oM & ¢ 35HF TxE
137 A 714 -AA) 22elea e 2435
Rt 2 23 o] A7) e F9] A ez
PA ol BAAAYE A F AT B=H, 8 5

o] 823 EAXE-L& Table 1o Jebytch.

2. Sodium 2-alkyl-5-( 1-sulfonatedpropyleth-
ermethyl ) -5-ethyi- 1,3-dioxane /2] &4
2~39 o i 4L HFAAZE] sodium
2-alkyl-5-(1~sulfonatedpropylethermethyl) -5- .
ethyl-1,3-dioxane{+ ¢2d £ FA Hrle= A
ZslolA F2 F3l7} o] FolA]7] w o] vjZFA &
& AHEslg o, £E3LE 7] 98 wh3-Ao] ¢
4% NaH ¢} 1, 3-propanesultone & A}23}] =323}
= sodium 2-alkyl-5-(1-sulfonatedpropylethe-
rmethyl) -5~-ethyl-1, 3-dioxaneF & A}t =
3t Nag9S 430 2 ouvz et 2o &5
S E A oS85 A AT 3 JEEE YA
Kot HFAPAEESY SAHAEL Table 29 e
A,

3. AZnfETn 24
TLCx Z&o] Tdsla 943 Feles 27] o
o) E.Stahle] o] o5 335 © ola) &

HEmLRe

2E slgropollM 43R0 E4sdoz dg o4
L2 TN = Y

ANl 2 n-butanol-xylene(4:6, v/v)& o] &
3l Bl AASN 1, 2~49 WHoE #ARnE
O HE o] &3t Felgt A& TLCE AMEstyq 3
A E 9 vty & Y

T3 GLCY -—lb‘ﬂ ;g A4 FA-4E 1,3~
dioxane FEAEL ZFAHretention time) o] uf
S =2 2 ’801‘2131 29 gie] 4] dolrt &
Al ZFA] -3E Zpz}e] i3] &AL JIFAITE 7HF A
JEo] & 2:19 v &=E YENT

2-1sopropyl-5-hydroxymethyl-5-methyl-1, 3-
dioxane ©}4&Axjol A3 Eliel™ S GLCAT 4
e} 2-isopropyl-5-hydroxymethyl-5-ethyl-1, 3
~dioxane®] ZFA|Zto] o Locsel™ 59 2 3
FAIZH B.g zh= Aoz Yelyt) =3 §A4E |,
3-dioxane =452 'H-NMR spectrao] &3 &
A 7= GLCEAC 98] 42 275 dF3ta 3
k. 3% S3Ed Ui a=2uETdy ARE
Table 39 Yehf Ut}

4

4. 7:-19_|A-1 AIL_!EE-!

T ARAET HE WAAE 4o A4 2HEY
= Fig. 1, 2o AASAT £ AAHEQ] 2-alkyl
-5-hydroxymnthyl-5-ethyl-1, 3~dioxanef2 3%
A 2HEYA M 42&7]= 3,290cm™, A=
2,954cm™, 47| ¥ WgrlE 1,466cm™Y, 42
719 -CH7l& 2,920cm™, dH= ZAgL 1,118,

Table 1. Physical properties of £~n —alkyt-5-hydroxymethyi-5-ethyt—1,3-dioxanes
Comp’d Formular Appearance(25TC) M. W, b.p.('¢/mmHg) Yield(%)
HD C1aH20:s Colarless Liquid 244 110/0.1 82.4
ND ~ CisHz0s Colarless Liquid 272 125 /0.2 88.2
UD CisHx0s3 Colarless Liquid 300 154 /0.3 | 90.5

Table 2. Physical properties of sodium 2-alkyl-5-( 1-sulfonatedpropylethermethyl ) -5-ethyl- 1,3-dioxanes

Comp'd Formular Appearance(25C) M.W. m.p. (C/atm) Yield(%)
SHD CizHS0sNa White Solid 388 163~165 81.7
SND CisHS0sNa White Solid 416 164168 81.5
SUD CaHaSOsNa White Solid 444 160~165 80.7
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Table 3. Results of thin layer chromatograpy and gas-liquid chromatography

TLC analysis GLC analysis
: : Retention Time(sec)
Comp'd R/ X100 Dlaste.reomer Ratio
C1s : trans cis trans
HD 88 | 2.77 86 109
ND 87 2.49 148 165
uD 87 2.32 267 335

- TLC developer ; n-butanol : xylene(4 : 6, v/v)

- Standard material ; diethylene glycol monoethyl ether

« GLC condition ; column ; Carbonwax 20M, initial temperature : 150%C,
program rate : 5C/min, injection temperature : 200C,
detection temperature : 200°C, detector : FID, carrier gas : N2

Table 4. Infrared absorption characteristic bonds of derivatives

Comp’d Na -OH -(CH2)s»- -CH -CH3™  -CH2CHs S0O:07 C-0-C-0-C C-S
HD - 3289 2954 2920 1459 1390 - 1138 1040 975 -
ND - 3290 2954 2921 1460 1389 — 1137 1040 975 -
UD - 3290 -~ 2953 2923 1462 1390 - 1138 1039 972 -
SHD 3480 - 2914 2900 1446 1359 1213 1118 1053 975 886
SND 3482 - 2916 2903 1448 1360 1212 1118 1055 975 888
SUD 3481 - 2915 2901 1446 1358 1213 1117 1063 972 886

Transmittance(%)
.
<

Transmittance (%)

I !

4000 3000 2000 1000, - 4000 3000 2000 1000 -,

Wavenumber Wavenumber

Fig. 1. FT-IR spectrum of 2-alkyl-5-hydroxymethyl

Fig. 2. FT-IR specttum of sodium 2-alkyl-5-(1-
-5-ethyl-1,3~dioxanes. |

sulfonated -propyt -ether—-methyl) -5-ethyl -1,
3-dioxanes.
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ethyl-1,3~dioxanefF 9 4 2~dHEZG2 £71 A 71+ 1,446cm™, &Z719] -CH7I= 2,900cm™, o
AE9 HoH AHEHN A F o2 FASHY, &F Ha2 Aol 1,117, 1,053, 975cm™ ol A velyto
AZ717F 1,212cm™, C-SZA o] 880cm ol A A 2] SEA7I9 C-SZEF ) dist ZH9ERY] AN RE §
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Table 5. Chemical shifts of 'H-NMR for reaction product

Comp’'d

8(Chemical shift)

0.81(t, 3H), 0.87(q, 5H), 1.15(q, 2H), 1.21~1.25(m, 6H), 1.28(q, 5H), 1.60(q, 2H),
HD - 1.76(q, 0.5H), 2.21(s, 0.5H), 2.32(d, 1H), 2.08(s, 2H), 3.28(s, 0.5H), 3.43(d, 2H),
3.62(d, 1H), 3.79(s, 0.5H), 3.81(d, 2H), 3.88(d, 2H), 4.41(t, 1H)

0.81(t, 3H), 0.87(q, 5H), 1.16(q, 2H), 1.21~1.25(m, 8H), 1.27(q, 5H), 1.59(q, 2H),
ND 1.78(q, 0.5H), 2.20(s, 0.5H), 2.32(d, 1H), 2.80(s, 2H), 3.28(s, 0.5H), 3.43(d, 2H),
3.62(d, 1H), 3.79(s, 0.5H), 3.81(d, 2H), 3.88(d, 2H), 4.41(t, 1H)

0.81(t, 3H), 0.87(q, 5H), 1.16(q, 2H), 1.21~1.24(m, 10H), 1.27(q, 5H), 1.59(q, 2H),
UD 1.78(q, 0.5H), 2.20(s, 0.5H), 2.32(d, 1H), 2.08(s, 2H), 3.28(s, 0.5H), 3.43(d, 2H),
3.62(d, 1H), 3.79(s, 0.5H), 3.81(d, 2H), 3.88(d, 2H), 4.41(t, 1H)

0.81(t, 3H), 0.87(q, 5H), 1.15(q, 2H), 1.21~1.24(m, 6H), 1.27(q, 5H), 1.60(q, 2H),

SHD

1.77(q, 0.5H), 2.03(m, 4H), 2.21(s, 0.5H), 2.32(d, 1H), 2.74(m, 2H), 3.12(m, 4H),

3.28(s, 0.5H), 3.49(m, 2H), 3.62(d, 1H), 3.79(S, 0.5H), 3.81(d, 2H), 3.88(d, 2H),

4.41(t, 1H)

0.81(t, 3H), 0.87(q, 5H), 1.15(q, 2H), 1.21~1.25(m, 8H), 1.28(q, 5H), 1.58(q, 2H),

SND

1.78(q, 0.5H), 2.02(m, 4H), 2.20(s, 0.5H), 2.32(d, 1H), 2.74(m, 2H), 3.13(m, 4H),

3.28(s, 0.5H), 3.50(m, 2H), 3.62(d, 1H), 3.79(s, 0.5H), 3.81(d, 2H), 3.88(d, 2H),

4.41(t, 1H)

0.81(t, 3H), 0.87(q, 5H), 1.15(q, 2H), 1.21~1.24(m, 10H), 1.26(q, 5H), 1.58(q, 2H),

SUD

1.78(q, 0.5H), 2.02(m, 4H), 2.20(s, 0.5H), 2.32(d, 1H), 2.74(m, 2H), 3.13(m, 4H),

3.28(s, 0.5H), 3.50(m, 2H), 3.62(d, 1H), 3.79(s, 0.5H), 3.81(d, 2H), 3.88(d, 2H),

4.41(t, 1H)
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Table 6. Elemental analysis of reaction products

Elementary analysis

Comp'd Formular Found Cal'd
C H S C H S
HD CuaH203 | 69.4 10.8 - 68.8 11.4 —
ND CisH0O3 70.5 11.7 — 70.6 11.8 -
UD Ci1sH30s 72.2 11.8 — 72.0 12.0 -
SHD CirH33S06Na 52.9 80 8.2 52.6 8.5 8.2
SND CisH3S0eNa 54.9 8.5 7.8 54.8 89 7.7
SUD C21H1S0OsNa 56.6 8.9 - 1.5 56.8 9.2 7.2

Table 7. Surface active properties of sodium 2-alkyl-5-(1-sulfonatedpropylethermethyl)-5-ethyl-1,3-

dioxanes
, | eme - 10° 7 me I'vax10° A-109 HLB
Comp’d Tr,(C) (mol/L) (dyne/cm) (mol/m?) (m?%/molecule)
SHD — 4.3 33.0 1.7 1.0 14
SND 12.0 1.2 31.0 1.4 1.2 13

SUD 25.5 0.7 29.5 1.3 1.2 12
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Fig. 6. Emulsifying power of sodium 2-alkyl-5-
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1,3-dioxanes liquid paraffin at 30C.
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Fig. 7. Emulsifying power of sodium 2-alkyl-5-
( 1-sulfonated-propyt-ether-methyl ) -5-ethyl -
1,3-dioxanes for soybean oil at 30C.
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Fig. 8. Destructibility of sodium 2-alkyl-5-(1-sul-
| fonated -propyi-ether-methyl ) ~-5-ethyl- 1,3~
dioxanes at pH 1(25C).
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Fig. 9. Destructibility of sodium 2-alkyl-5-(1-sui-
fonated-propyl -ether-methyl) -5-ethyl- 1,3~
dioxanes at pH 1.5(25C).
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Fig. 10. Destructibility of sodium 2-alkyl-5-(1-
suifonated -propyl—ether~methyi) -5-ethyl- 1,
3-dioxanes at pH 2(25C).
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