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Reactions of derivatives of sulfamic acid with epoxides.
3.* Reactions of 3-chloro-2-hydroxypropylsulfamates with amines
and synthesis of 1,3-diamino-2-propanols

A. S. Ermakov,* E. Yu. Kulikova, P. V. Bulatov, and V. A. Tarrakovsky

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
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1,3-Diamino-2-propanols were prepared in high vields by reactions of potassium or
sodium 3-chloro-2-hydroxypropylsulfamates with amines followed by acid hydrolysis of the
J-amino-2-hydroxypropylsulfamates that formed.

Key words: 3-chloro-2-hydroxypropylsulfamates, 2,3-epoxypropylsulfamates, 1,3-diamino-

2-propanols.

Previously,!2 it was demonstrated that derivatives of
sulfamic acid give 3-chloro-2-hydroxypropylsuifamates
(1) under the action of epichlorohydrin. Compounds 1
readily form epoxysulfamates under the action of alka-
line reagents, which we demonstrated using 2,3-epoxy-
sulfamates (2). However, the high reactivities of these
derivatives made it impossible to isolate them in an
analytically pure form. Because of this, compounds 2
were reacted further without being isolated.
CICH,CHCH,NR 2T Clty~CHCH,NR

H lSOSM o} M
1 2

In this work, we studied reactions of sulfamates 1
with amines with the aim of preparing 1,3-diamino-
2-propanols (3). The methods for the preparation of
compounds 3 by reactions of amines with epichlorohy-
drin have been fairly well studied.3—5
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In the case of NHj and primary amines, a number of
by-products form, and resinification occurs. Therefore,
products 3 were obtained in low yields. We succeeded in
obtaining intermediate compounds 4 in reasonable yields
only for higher primary amines (R = C¢—Cy).

* For Part 2, see Ref. 1.

[t could be proposed that the yields of 1,3-diamino-
2-propanols (3) could be increased by preparing these
compounds from sulfamates I (Scheme 1).
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R = H, Me, Et
A'= H, Me, Et, Pr, Bu!, (CH;),0OH;
M = K, Na

Reactions of compounds 1 with amines were carried
out in aqueous or aqueous-alcoholic solutions in the
presence of alkali (KOH or NaOH). It was demon-
strated by particular experiments that the formation of
epoxide 2 from chlorohydrin 1 is virtually completed at
20—30 °C in 2—3 h, whereas reactions of amines with
epoxides 2 proceed at 20—30 °C for 4—12 h. The yield
of aminosulfamate (5) increases somewhat when alkali
and amine are added to the reaction mixture simuita-
neously.

To prevent the formation of products of the
dialkylation of primary amine, we used a twofold or
threefold excess of amine. Under these conditions, the
yield of the disubstituted product was no more than 5%.
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Table 1. Characteristics of 1,3-diamino-2-propanols (3)

OH
RrI.ICHZ(‘:HCHzCl + RINH e ANCH,GHCHNR’
SO,M SOM H OH H
R R Yield B.p./°C (p/Torr)*
(%) {M.p./°C|
This Literature
work data
Me H 45 9498 (0.3—0.4) 93—95 (0.3)8
Me Me 70 80—85 (0.1—0.15) 80—90 (0.11)°
H Et 60 118—121 (18—20) 117—119 (18)10
Et Et 58 [39—41] [40—42)5

When sulfamates 1 were reacted with NH; and
MeNH,, intermediate product 5 was not isolated, and
the reaction mixture was immediately subjected to acid
hydrolysis. As shown in Scheme |, aminosulfamate 5
can be prepared directly from sulfamate 1 under the
action of amine. This reaction actually proceeds. How-
ever, a high temperature (~100 °C) is necessary for the
formation of compound 5. Therefore, in our case, the
contribution of this reaction is insignificant.

As reported previously,? epichlorohydrin reacts with
derivatives of sulfamic acid to form disubstituted by-

Table 2. Characteristics of 3-amino-2-hydroxypropylsuifamates (5)

products (6) in addition to sulfamates 1. In the presence
of an alkaline reagent and excess sulfamate, this is the
main reaction, and proceeds with a yield of 45—70%
(Table 1) producing |,2-dihydroxypropylsulfamates (7)
as impurities (25—45%).

OH
] . OH~
RNCH,CHCH,CI + R'NH  —
M 3M
1
CI)H OH
—= RNCH,CHCHNR"  + RNCHz(EHCHQOH
SO;M M SO,M
6 7
(45—70%) (25—45%)
R=R"
RzR";

R, R’ = H, Me, Et

Acid hydrolysis of the derivatives of sulfamic acid has
been studied extensively. In the case of the simplest
sulfamates (NV-methyl- and N-ethylsulfamates), it is pos-
sible to obtain the corresponding salts of amines in high
yields using this reaction (ca. 95%). However, according
to the study reported in Ref. 7, only hydrochloric acid

OH OH
! . 1.0H” ! .
RNCH,CHCH,CI + HNR', ——— RIII'CHZCHCHZNZR )
SO;M SO,M
R R*3N Yield of M.p. Molecular Found (g, 'H NMR (D,0, 8
sulfamates  /°C formula Calculated
5(%) C H N
H O(CH,CH,);N 90 7883 CsHsKN,OsS 2965 535  ~ 2.522.65 (m, 6 H, 3 CH;N?),
30.20 5.44 3.04 (m, 2 H, CH,NY,
3.78 (t, 4 H, 2 CH,0),
4.04 (m, | H, CHCHy)
Me O(CH,CH,);N 90 7476 CyH 7 KN,05S - — 954 2.5—2.7 (m, 6 H, 3 CH,N?),
9.58 2.74 (s, 3 H, Me),
2.99 (m, 2 H, N!CH,),
3.78 (t, 4 H, 2 CH,0),
4.05 (m, | H, CHCH))
Et O(CH,CH;),N 85 68—72 CoH gKN,05S - B X] L1 (t, 3 H, CH3CH)),
9.14 2.35—2.58 (m, 6 H, 3 CH,;ND),
2.85—3.2 (m, 4 H, 2 CH,;Nb),
3.72 (1, 4 H, 2 CH,0),
4.04 (m, ! H, CHCHy
H HN(CH,CH,),N 85 4853 CyH KN;0,8 - — 1503  24-275(m, 6 H, 3 CH,NZ,
15.15 4 H, 2 CH;NH),

3.02 (m, 2 H, CH,N")
4.03 (m, | H, CHCH,)

(to be continued)
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can be used for sulfamates containing hydroxyl groups in
the B and y positions. When sulfuric acid was used for
hydrolysis, it reacted with the hydroxyl group to yield
sulfates. Our studies demonstrated that the formation of
sulfuric esters can be almost completely excluded when

E

Table 2. (continued)

hydrolysis is carried out with 20—30% sulfuric acid at
90—110 °C. In this case, yields were 70—90%.
The physical properties, vields, and NMR data for

the compounds are given in Tables |, 2, and 3, respec-
tively.

R RN Yield of M.p. Molecular
sulfamates  /°C formula

5 (%)

Found (% 'H NMR (D0, &)
Calculated

C H N

Me HN(CH,CH.),N 85  178—183  CgH 3sKN;0O,S

Et HN(CHchz)zN 90 Resin CgHzoKN3045

H Bu'NH 75 115—118  CyH;KN,0,S

Me Bu'NH 75 196—202  CgH,gKN,0,S

Et ButNH 80* — CanKNzOds

H PriNH 75% Resin CgH\sKN,04S

Me PriNH 85  119—120  C;H;KN,O,S

Et PriNH 70 Resin CgHgKN>0,S

H HOCH,CH,NH 92 Resin  CgH,3KN,058

Me HOCHzCHzNH 85 Resin C6H‘SKN;}OSS

- — 1452 23-2.75(m. 6 H. 3 CH,NZ,
14.42 4 H, 2 CH,NH).
265 (s, 3 H, Me),
2.88 (m, 2 H, CH,;N),
4.01 (m, | H, CHCH3)

- — 1407  1.03 (1, 3 H, CH;CHy),
1378 2.3—2.69 (m, 6 H, 3 CH,N2,
4 H, 2 CH,NH),
2.8—3.1 (m. 4 H, 2 CH,N),
398 (m, | H, CHCH>)

— — _— 1.09 (s, 9 H. BuY,
2.5—2.62 (m, 2 H, CH,ND,
3.00 {m. 2 H, CH,;N),
3.78 (m. | H, CHCH,)

- — 960 1.09 (s, 9 H, BuY,
10.06  2.56—2.61 (m, 2 H, CH,;NY),
2.69 (s, 3 H, Me),
2.98 (m, 2 H, CHyN"),
3.85 (m, | H, CHCH,)

— — - 1.1 (s, 9 H, But, 3 H, Et),
2.5—-2.8 (m, 2 H, CH;N2),
2932 (m. 4 H, CH,;Nh,
388 (m, | H, CHCHy)

— - - .11 (d, 6 H, Pri),
2.61—2.84 (m, 2 H, CH,N?%),
2.92 {(q, H, CHMe),
3.02 (m, 2 H, CH,N"),
392 (m, | H, CHCHy

— -~ 1064 1.1 (d, 6 H, Pr),
10.60  2.5—2.7 (m. 2 H, CH,N?),
2.7 (s, 3 H, Me),
2.78 (q. | H, CHMe),
2.95 (m. 2 H, CH,;NY,
388 (m. | H, CHCH»)

1.10—1.20 (m, 6 H, Pr. 3 H, Et),
2.70—2.84 (m, 2 H, CHyN?),
2.90—3.20 (m, 4 H, 2 CH,N!,
| H, CHCHjy).
396 (m, | H, CHCH,)
- —  1L57  2.56—2.84 (m, 4 H, 2 CH;ND),
1110 3.04 (m, 2 H, CH;;NY,
3.74 (t, 2 H, CH,0H),
391 (m, | H, CHCHjy)
2631 532 — 2.55—2.80 (m, 4 H, 2 CH;3N?),
27.06  5.68 2.7 (s, 3 H, Me),
3.00 (m, 2 H, CH;3Nb,
3.68 (1. 2 H, CH,0H),
3.95 (m, | H, CHCH,)
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(to be continued)
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Table 2. (continued)

R RN

sulfamates

Yield of M.p.

/°C

Molecular
formula

5 (%)

Found
Calculated (%)

C

H

N

'H NMR (D50, &)

HO(CH,);NH

H 4'MCC6H4NH

83 Resin C';H;‘;KNEOSS

90 178—180  C,pH,;sKN,0,S

86 Resin CyHleNzo4S

10.03
10.06

o=
ol
2ls

< |
o fu
<y ot

1.74 (m, 2 H, CH,CH,),
2.55—2.78 (m, 4 H, 2CH,N?),
2.73 (s, 3 H, Me),

3.00 (m. 2 H, CH,NY,

3.63 (1. 2 H, CH,0H),

398 (m. | H, CHCH)y)

2.06 (s, 2 H, Me),

2.84—3.04 (m, 4 H, CH,N!,
CH,N),

381 (m, | H, CHCH,),

6.58 (d, 2 H, Ph—H),

691 (d, 2 H, Ph—H)

1.1 (1, 6 H, 2 En),

2.58—2.83 (m, 6 H, 3 CH,N?),
3.03 (m, 2 H, CH,NY,

401 (m, | H, CHCHy)

* The compounds obtained were transformed to the corresponding amines without additional purification.

Table 3. Characteristics of |,3-diamino-2-propanols

o
ANCH,CHCH R’ L ANCH,CHCH,R"
OH H OH
R R Yield of  np? Molecular Found ¢, '"H NMR (D50, &)
amine (%) M.p./°C formula Calculated
C H N
H O(CH,CHp,N 95 1 4828 CH N0, 5290 1040 — 2.4—2.74 (m, 8 H,
5248 10.07 3 CH;N, CH;NH),
3.73 (1, 4 H, 2 CH,0),
388 (m, | H, CHCH))
Me O(CH,CH,),N 95 1.4828 CgH gN,0, — —  15.50 2.34 (s, 3 H, Me),
16.08 2.45—2.63 (m, 8 H,
3 CH,N, CH,NH),
374 (1, 4 H. 2 CH,0),
399 (m, I H, CHCH),;)
Et  O(CH,CHy,N 80 I 4808 CoHygN,0, — 1467 101 (13 H. EV.
14 88 24264 (m, 10 H,
3 CH,N., 4 CH,NH).
3.69 (1, 4 H, 2 CH,0).
393 (m. | H, CHCH,)
H  HN(CH,CH)N 90 36—38 C,H, N0 ~ — 2681 232288 (m, 12 H,
26.39 3 CHyN, 3 CHyNH),
Me HN(CH,CH,),N 80 1.4730 CyH1oN;0 3.82 (m, | H, CHCH,)
2.26 (s, 3 H, Me),
5541 10.76 - 23275 (m, 12 H,
5546 11.06 3 CH,N, 3 CH,NH),
3.94 (m, | H, CHCH,)
Et  HN(CH,CH,))N 90 3234 CoHy N3O 5809 1148 — 1.05 (1, 3 H, EU,
57.72 11.30 2.32—2.76 (m, 14 H,

3 CH;,N, 4 CHyNH),
3.95 (m, | H, CHCH,)

(ta be continued)
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Table 3. (continued)

R R Yield of  np?

amine (%) M.p./°C

Molecular
formula

Calculated
C H N

'H NMR (D,0, 5)

H BuNH* 80 1.4596 CyH 5N,

Me Bu'NH 80 223226

Et  Bu'NH 90 249253+
(with decom-

position)

H PriNH 70 1.4729

Mc PriNH 70 300—302
(with decom-

position)

Et  PriNH 65 1.435 CgHN,0

H HOCH,CH,NH 50 153—155*

Me HOCH,CH,NH 87  133—135*

Me HO(CH,);NH 90 -

H  4-MeCgH NH 85 190—192*

H MeNH 74
Me  MeNH 83

CgHngzO . ZHC‘

C«;H)lzNzO : ZHC‘

C')HIRNQO B ZHCl

C5H |4N202 : 2HCl

CGH IGNEOZ N 2HC]

ClOH’()N‘_)O : 2HC|

19.08 1.08 (s, 9 H, Bu!),
19.17 2.48—2.74 (m, 4 H, 2 CH,;NH),
361 (m, 1 H, CHCH,)

— - 1233 1.36 (s. 9 H, BuY,
12.01 2.77 (s. 3 H, Me).
299-329 (m, 4 H, 2 CH,;NH),
422 (m. | H. CHCH3)

1.22—1.38 (m, 12 H, Bu'Ey),
2.95~332 (m, 6 H, 3 CH,NH).
4.18 (m, I H, CHCH,)

1.02 (d, 6 H, Pr),
2119 2.43—2.77 (m, S H,

2 CH,NH, CHNH),
3.64 (m. | H. CHCH,)

111 (d, 6 H, Pr,
12.78 2.56 (s, 3 H, Me),
286—3.26 (m. 5 H,

2 CH3;NH, CHNH),
4.08 (m, t H, CHCH,)

1.0—1.1 (m, 9 H, Pri, EV),
17.48 2.44—-285(m, 7 H,

3 CH,;NH, CHNH),

3.80 (m, | H, CHCH,;)

2.98—3.33 (m, 6 H, CH,NH),
1352 3.78 (1, 2 H, CH,0H),
428 (m, 1| H, CHCH,)

2.75 (s, 3 H, Me),

3.02—3.29 (m, 6 H, 3 CH,NH),
3.83 (t, 2 H, CH,0H),

429 (m, | H, CHCH,)

1.67 (m, 2 H, CH,CH,),

1726  2.25 (s, 3 H, Me),

2.47—2.66 (m, 6 H, 3 CH,NH),
3.58 (1, 2 H, CH,OH),

382 (m, | H, CHCH,)

239 (s, 3 H, Mo),

3.05—3.5 (m. 4 H, 2 CH,NH),
4.25 (m, | H. CHCH,).

732 (m. 4 H, Ph—H)

fand Jlnd
[
N jn
(SN
o |
[
<

.
>
Lo
=
-
.
Lol
I

|
[_

E =
~~d
e
P
~d
3

* The data are given for hydrochlorides of the corresponding amines.

Experimental

The 'H NMR spectra were recorded on a Bruker WM-250
spectrometer operating at 250 MHz.

General procedure for the preparation of 3-amino-21-
hydroxypropylsulfamates (5). 3-Chloro-2-hydroxypropyl-
sulfamates 1 (0.015 mol) were dissolved in water {5 mL).
Then the amine (0.03 mol) and KOH (0.015 mol) dissolved in
water (I mL) were added, and the mixture was stirred and

kept at ~20 °C for 12 h. The solution was evaporated to
dryness. The residue was dissolved in ethyl alcohol (15 mL).
The precipitate was filtered off, and the filtrate was evaporated
to dryness. The excess high-boiling amines (ethanolamine and
morpholine) were removed by refluxing in a bath at 120—
140 °C (7 Torr) or by extraction with ether (propanolamine
and piperazine). Sulfamate 5 was recrystallized from a minimum
amount of hot ethyl alcohol.

General procedure for the preparation of 1,3-diamino-2-
propanols (3). Compound 5§ (0.015 mol) was dissolved in
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water (14 mL), and then concentrated sulfuric acid (0.06 mol)
was added. The reaction mixture was kept at 100 °C for
58 h. Then the solution was cooled to ~20 °C, alkalized to
pH ~12.0, and evaporated on a rotary evaporator. The precipi-
tate that formed was filtered off, and the filtrate was evapo-
rated. To additionally purify 1 3-diamino-2-propanols, they
were extracted repeatedly from the residue with ether or
transformed to hydrochloride.
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