Russian Chemical Bulletin, Vol. 43, No. 6, June, 1994 999

Organic Chemistry

The reaction of sulfamic acid derivatives with epoxides
2.* Condensation of sulfamic acids with glycidol, epichlorohydrin and epoxy ethers
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The reaction of the salts of sulfamic acid and N-alkylsulfamic acids with glycidol,
epichlorohydrin, and epoxy ethers gives the corresponding functionally substituted

B-hydroxyalkylsulfamates.
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Previously! we have shown that it is possible to
synthesize B-hydroxyalkylsulfamates by the interaction
of sulfamic acid derivatives (1) with epoxides. In a
continuation of these studies, we devoted the present
work to the investigation of the condensation of com-
pounds 1 with functionally substituted aliphatic epoxides,
such as glycidol, epichlorohydrine, and epoxy ethers.

H.O
RNH -+ o\ — RNCH,— CHCHZOH (1)
SOgM  CH,CHCH,OH SO;M OH
la—c 2a—c
+

CHaCH—CH,

OH OH OH
R = H (a), Me (b), Et (c);
M=K

* For communication 1 see Ref. 1.

The reaction of salts la—c with glycidol was
carried out for 10—30 h at 60—80 °C in an aqueous
medium.

The yields of the salts of N-(1,2-dihydroxypropyl)-
N-alkylamidosulfoacids (2a—c) reached 78—90 %
(Table 1). The factors particularly affecting the yield
of the reaction products are the pH of the medium
and the temperature, whereas varying M in salts 1, that
is, replacing K by Na, Li, or NH,, changes the rate of
the process and its results only insignificantly. The
optimum results were obtained at pH ~7. Both in acid
and alkaline media the fraction of the side reaction of
glycidol with water, which gives rise to glycerol, in-
creases.

Decreasing the reaction temperature (<60 °C) did
not diminish the yield of the target product but signifi-
cantly increased the duration of the synthesis, whereas
at temperatures >80 °C the target product was signifi-
cantly contaminated by glycerol.
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Table 1. Parameters of the compounds synthesized

Com-

Yield

M.p./°C

'H NMR (D,0), §

Molecular

Found

pound (%) formula Calculated (%)
C H N
2a 78 114—117 2.87 (m, 2 H, NCHj); 3.70 ((m, 2 H, CH,OH); C3;H{KNO;S 17.52 407 6.62
4.05 (m, 1 H, CHOH) 17.23 3585  6.69
2b 90 115—118 2.60 (s, 3 H, Me); 2.86 (m, 2 H, NCH,); C4HKNOsS 2164 436  —
3.72 (m, 2 H, CH,OH); 4.05 (m, 1 H, CHOH) 2151 4.51
2c 85 108—111 1.20 (t, 3 H, Et); 3.00 (m, 4 H, CH,N); CsH;KNOsS  25.04 531
3.68 (m, 2 H, CH,OH); 4.02 (m, | H, CHOH)
3a 82 154—156 3.01 (m, 2 H, NCH,); 3.81 (m, 2 H, CH,Cl);  C3H;KNO,SCI 1630 332 598
4.05 (m, 1 H, CHOH) 15.83 3.10 6.15
3b 94 150—152 271 (s, 3 H, Me) C4HoKNO,SCl 1938 416  5.39
19.86 3.75 5.79
3¢ 90 148—150 1.12 (t, 3 H, Me); 2.84 (g, 2 H, CH,N); CsH| KNO,SCI 2317 4.57
3.02 (m, 2 H, NCH,); 3.80 (m, 2 H,CH,OH; 23.48 4.34
4.02 (m, 1 H, CHOH)
3d 83 146—148 1.0—~1.4 (m, 5 H, Pr); 2.84 (m, 2 H, CH,N); CgH[3;KNOLSCl1 26.64 5.22 -
3.00 (m, 2 H, NCH,); 3.80 (m, 2 H, CH,Cl); 26.71  4.86
4.05 (m, 1 H, CHOH)
3e 76 144—146 0.8—1.5 (m, 7 H, Bu); 3.01 (m, 4 H, 2 CH,N); C;H sKNO,SCI 29.66 5.37
3.75 (m, 2 H, CH,Cl); 4.0 (m, | H, CHOH) 2952 5.66
3f 64 155—157 1.85 (m, 2 H, CH,CH,N); 2.88 (t, 2 H, NCH,); C¢gH;3KNOsSCl 2547 4.59
3.02 (m, 2 H, NCH;); 3.68 (1, 2 H, CH,0OH); 2522 5.18
3.84 (m, 2 H, CH,Cl); 4.04 (m, 1 H, CHOH)
3g 45 Glassy solid 1.18 (d, 3 H, Me); 3.00 (m, 4 H, 2 CH;,;N); CgH,KNOsSCl — — —
3.84 (m, 2 H, CH,Cl); 4.00 (m, 2 H, 2 CHOH)
3h 45 Glassysolid  3.00 (m, 4 H, 2 NCH,); 3.86 (m, 2 H, CH,Cl); C;oH;3KNO,SC1 3743 450  —
4.06 (m, 1 H, CHOH); 6.50—7.05 (m, 5 H, Ph) 37.80  4.13
5a 71 Glassy solid 3.02 (m, 2 H, NCH,); 3.38 (s, 3 H, Me); C4H [ (KNO;S — — —
3.78 (m, 2 H, CH,0); 4.00 (m, 1 H, CHOH)
5b 92 9395 2.72 (s, 3 H, Me); 3.37 (s, 3 H, MeO); CsH,KNOsS 2567  5.46
3.76 (m, 2 H, CH,0); 4.02 (m, 1 H, CHOH) 2531 5.10
5c 80 102—104 - CeH,KNOsS 2867 556  —
28.67 5.61
5d 78 Glassy solid 1.16 (t, 3 H, Me); 3.06 (m, 2 H, NCH,); CsH,KNO4S 31.27 5098 —
3.70 (m, 4 H, CH,0CH,CH3); 31.68  6.08
4.05 (m, 1 H, CHOH)
Se 85 84—86 1.15 (t, 3 H, Me); 2.68 (s, 3 H, MeN); CeHKNOsS  —  — —
2.92 (m, 2 H, NCH,); 3.60 (m, 4 H, 2 OCH,);
4.02 (m, 2 H, CHOH)
s 81 9395 120 (m, 6 H, 2 Me); 3.00 (m, 4 H, 2 CH,N);  C;H;KNOsS 3140 6.42
3.65 (m, 4 H, 2 OCH,); 4.02 (m, 1 H, CHOH) 31.68 6.08
5h 45  Glassysolid 115 (t, 3 H, Me); 3.00 (m, 4 H, 2 NCH)); C;H;gKNOgS 3036  6.19
3.70 (m, 6 H, CH,0H, 2 OCH,); 29.89 573
4.00 (m, 1 H, CH,OH)
5i 60  Glassysolid  1.15 (t, 3 H, Me); 1.80 (m, 2 H, CCH,C); CgH s KNOgS - = -
3.00 (m, 4 H, 2 CH,;N);
3.65 (m, 6 H, CH,OH, 2 OCH,);
4.04 (m, 1 H, CHOH)
5g 65  Glassysolid  0.8—1.5 (m, 10 H, Bu); 3.0 (m, 4 H, 2 CH;N); GCgHpKNOsS — —  — —
3.65 (m, 4 H, 2 CH,0); 4.02 (m, 1 H, CHOH)
5§ 32 Glassysolid  08—1.5(m, 7 H, P); 3.00 (m, 2 H, CH,N,);  C;H;KNOsS  —  — —
3.65 (m, 4 H, 2 CH,0); 4.00 (m, 1 H, CHOH)
5k 60  Glassy solid  — CoHpKNOsS 3734 713 —
36.84 6.87
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Salts 1 react with epichlorohydrin in a similar way.

(0]
14 /N RNCH2 CHCHzCl
CHZCHCHzCI 803M OH {2)
3a—h
+

RINCH,— GHCH,NR
|
SO;M OH  SO,M

4a—h
= H (a), Me (b), Et (€), Pr (d), Bu (e),
( H,);0H (), CHQCIEHCHQ (g), Bz (h)
OH
M=K

The yields of the potassium salts of N-(1-chloro-2-
hydroxypropyl)- N-alkylamidosulfoacids (3a—c) were
45—90 %.

The basic difference beetween reaction (2) and (1) is
the formation of a small amount (~5 %) of disubstituted
products (4), probably due to the replacement of the
chlorine atom in compound 3 by a sulfamate group. For
example, the reaction of compound 3b with potassium
N-methylsulfamate in an aqueous medium at 100 °C
results in dipotassium 4-hydroxy-2,6-diaza-2,6-heptane-
disulfonate (4b) in 15—20 % yield.

3 + CHyNH ——* 4 +HC

SO,M

The hydrogen chloride formed in the reaction en-
ables the formation of free sulfamic acids. This inhibits
the main reaction and results in the formation of
sulfoesters.

The reaction of salts 1 with epoxy ethers was carried
out in an aqueous—alcoholic medium.

1+ ——» RNCH,—CHCH,0R"  (3)
CH,CHCH,OR" S0sM OH
5a—k

R'=Me, R = H (a), Me (b}, Et (c);
R'= Et, R = H (d), Me (e), Et (f), Bu (g), HO{CH,), (h),
HO(CH,), (i)

R'= Bu, R = (j), Et (k) M=K

It was found that increasing the size of the radical R’
in the molecules of epoxy ethers decreases the yields of
the salts of N-(1-alkoxy-2-hydroxypropyl)- N-alkylamido-
sulfoacids (5a—Kk). This result is explained both by the
effect of the steric factor and by the increase in the
volume of the solvent required for the complete dissolu-
tion of the starting reagents, which, in turn, facilitates
side reactions of the solvent with the epoxides.

Experimental

'H NMR spectra were recorded in D,0 on a Tesla BS-467
spectrometer, working frequency 60 MHz using SiMe, as the
internal standard.

Condensation of potassium N-methylsulfamate with glycidol.
Potassium N-methylsulfamate (2.98 g, 0.02 mol) was added to
a solution of glycidol (1.52 g, 0.0205 mol) in water (6 mL),
and the mixture was stirred for 12 h at 70 °C. The reaction
mixture was concentrated in a rotary evaporator. The residue
was recrystallized from methanol to give 4.01 g of potassium
N-(1,2-dihydroxypropyl)- N-methylamidosulfonate.

Compounds 2a,¢, 3a—h, and 5a—k were obtained in the
same way as compound 2b. The yields and properties of the
compounds synthesized are presented in Table 1.

TH NMR spectrum of compound 4a: 2.71 (s, 6 H, Me);
2.94 (m, 4 H, NCH,, CH,N); 4.02 (m, { H, CHOH).
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