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In phase transfer catalysis conditions and depending upon the ratio of reac-
ting materials and the reaction conditions, 2-pyrrolidinone, 6-hexanelactam
and 1-phenyl-3-pyrazolidinone with 1,3-propanesultone or 1,2-benzoxathiol-3-
on-1,1-dioxide form N-mono- or N,C-disubstituted derivatives. In non-cataly-
tic conditions, during the reaction of 2-pyrrolidinone or 1-phenyl-3-pyrazoli-
dinone with sodium bromomethane sulfonate, in the presence of sodium
hydroxide, substitution takes place at the nitrogen atom. In neutral condi-
tions, 6-hexanelactam and 1-phenyl-3-pyrazolidinone react with 1,3-propane-
sultone, and O-sulfoalkylated products of the reaction are formed.
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INTRODUCTION

Lactams are widely used in the production of poly-
mers [1] as solvents for synthetic resins [2], efc. Phe-
nyl-3-pyrazolidinone is useful as a photomaterial [3].

Three potentially nucleofilic atoms (N, O and o-
C with respect to CO group) existing in the lactam
cycle predetermine the multivariance of the course
of the substitution reaction. According to the data
[4, 5], the alkylation of lactams with alkyl halides in
the presence of a strong base (NaOC,H; or NaH)
takes place at the nitrogen atom, while N-substitu-
ted lactams (with the presence of sodium amide)
are alkylated at a-C atom with respect to CO group.
In delicate conditions, alkylation of lactams nitro-
gen atom with alkyl halides takes place by phase
transfer catalysis in a liquid/liquid [6] or liquid/solid
body systems [7].

In the present work we explored the possibility
to obtain sulfoalkylated or sulfoarylated derivatives
of these important substances by using 1,3-propane-
sultone, 1,2-benzoxathiol-3-on-1,1-dioxide and sodium
bromoalkane sulfonates as sulfoalkylating agents. The
literature provides no description of the interaction
between 1,3-propanesultone and lactams.

Even though 1,3-propanesultone has high reacti-
vity, it is also sensitive to hydrolysis and to the in-
fluence of alcohol. Therefore, a water-free medium
is essential for the synthesis of sulfonates, howerver,
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it makes the sulfoalkylation process more difficult
and more expensive. The phase transfer (PT) cata-
lysis method would allow to escape the usage of
espensive absolute solvents and simplify the process
of the experiment.

RESULTS AND DISCUSSION

Similarly to the reaction of lactams with alkylhali-
des [6], the reaction of 2-pyrrolidinone (1a), 6-hexa-
nelactam (1b) and 1-phenyl-3-pyrazolidinone (1c)
with 1,3-propanesultone (2a) or 1,2-benzoxathiol-3-
on-1,1-dioxide (2b) in a two-phase benzene/water
system, in the presence of sodium hydroxide and
the PT catalyst triethylbenzylammonium chloride
[(C,H,),N*CH,CH,-Cl ] (TEBA), N-substituted de-
rivatives 3 a—e were formed. Such a structure of the
N-substituted derivatives 3 a—e was confirmed by tri-
plets at 2.21, 2.25, 2.28, 2.23 and 2.26 ppm present
in their 'H NMR spectra and characteristic of the
chemical shifts of protons of CH,CO group. Besi-
des, triplets at 3.79, 3.61 and 3.72 ppm present in
spectra of 3 a—c compounds confirmed the forma-
tion of CH,N group. In the IR spectra of 3 a-e, one
can see intensive absorbtion bands at 1011-1034 and
1191-1199 cm, ascribed to as and s v SO,. The
absence of a strong band in the zone characteristic
of the frequency of valent fluctations of COOH
group in IR spectra of 3d and 3e confirms that a
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sulfogroup has been formed during the reaction of
lactams and 2b. A high water solubility of the ob-
tained compounds is another proof that sulfonates
were formed indeed.

When the quantity of sodium hydroxide and 2a
was increased twice and when toluene was used ins-
tead of benzene, sulfoalkylation took place not only
at the nitrogen atom of the lactam cycle, but also at
the a-carbon atom with respect to carbonyl group,
and the N,C-disubstituted derivatives 4 a—c were for-
med. Multiplets at 2.34, 2.30 and 2.28 ppm present
in spectra 'H NMR of 4 a—c ompounds and those
conformed to chemical shifts of protons of CHCO
groups confirmed that the sulfoalkylation also took
place at o-carbon atom with respect to CO group.

When the quantity of 2a and sodium hydroxide
was increased three times, no di-C-substituted deri-
vatives of 2-pyrrolidinone were obtained, viz. ac-
cording to the data of 'H NMR spectrum the mix-
ture of sulfoalkylated compounds was formed, which
could not be separated.

The reaction of 1la and 1c¢ with sodium bromo-
alkanesulfonates proceeds in a more cimpliceted way.
In non-catalytic conditions, in the aqueous solution
of sodium hydroxide 1a and lc with sodium 2-bro-
momethanesulfonate N-sulfoalkylated derivatives 5a
and 5c were also formed. The '"H NMR spectra con-
firmed that the reaction of 1a and 1lc with sodium
2-bromoethanesulfonate yielded a mixture of the sul-
fonates, which could not be separated.

R
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absence of strong bands in their IR spectra in the
zone characteristic of the frequency of valency fluc-
tuations of CO group.

When 1a reacted with 2a under such conditions,
according to '"H NMR spectral data a mixture of N-
and O-substituted compounds was formed. After
comparison of the integral intensities of CH,O and
CHLS groups (in the 'H NMR spectrum of the ob-
tained product) the ratio of these compounds was
found to be ~1 : 1. The obtained mixture could not
be separated.

EXPERIMENTAL

The IR spectra were recorded on a Specord 75 IR
spectrometer with pressed KBr pellets. 'H NMR
spectra were recorded on a TESLA BS-567 A
(80 MHz) instrument in D,0 and are reported as
chemical shifts (8) relative to DSS in ppm. Sodium
bromomethanesulfonate was synthesised [8].
General procedure for synthesis of N-substituted
1-pyrrolidinone, 6-hexanelactam and 1-phenyl-3-py-
razolidinone (3 a-e). A mixture composed of 20
mmol of 2-pyrrolidinone (la), 6-hexanelactam (1b)
or 1-phenyl-3-pyrazolidinone (1¢), 0.8 g (20 mmol)
of NaOH dissolved in 40 ml of H,O, 20 mmol of
1,3-propanesultone (2a) or 1,2-benzoxathiol-3-on-1,1-
dioxide (2b) dissolved in 30 ml of benzene and 0.2 g
of TEBA was heated under reflux for 1 h and fil-
tered off. The layers of the filtrate were separated,
the aqueous layer was evaporated
until the first crystals appeared. 30
ml of 2-propanol and propanone as

CH,CH,CH,SO3Na

N 2a,b 2a . N well as 40 ml of diethyl ether were
llqsogNa | | 2 mmol CHZCHZCH,SO3Na added to the residue. The formed
3a-e 4a-c crystals were filtered off, washed
z/\_>=0 with ethanenitrile and recrystallised

N

la-c

05—0 | | BrCH,SOsNa /_>=
- Z\ ()

from 2-propanol-water (1:1). The
constants and the data of '"H NMR
spectrum of 3 a-e are listed in
Table.

N .
I General procedure for synthesis

z OCH,CH,CH,SO3H
/\_N/>_ e 5CH2503Na of N,C-disubstituted 2-pyrrolidino-
6b,c *e ne, 6-hexanelactam and 1-phenyl-

la Z = -CH2-, bz= '(CH2)3-, cZ= 'NCGHS, 2aR= -(CH2)3-, bR= -2-COC5H4-,
3aZ=-CHy-, R=-(CHy)s-, b Z=-(CH;)3-, R=-(CHy)3-, ¢ Z=-NCgHs,
R = -(CHp)3-, d Z = -CHy-, R = -2-COCgH,-, & Z = -NCgHs, R = -2-COCgHg-,

4aZ=-CHy, b Z=-(CHy)s ¢ Z=-NCgHs,
5aZ=-CHy-, ¢ Z=-NCgHs, 6b Z=-(CHp)g-, ¢ Z=-NCgHs.

The reaction of 1b and 1lc with 2a in neutral
conditions in dioxane at a temperature of 40-45 °C
resulted in O-sulfoalkylated products 6b and 6¢. Such
a structure of 6b and 6¢c was confirmed by triplets
at 4.22 and 4.40 ppm present in their 'H NMR
spectra, which were in conformity with the chemical
shifts of protons of CH,O group, and also by the

3-pyrazolidinone (4 a—c). A mixtu-
re composed of 20 mmol of 2-pyr-
rolidinone (1a), 6-hexanelactam
(1b) or 1-phenyl-3-pyrazolidinone
(1c), 1.6 g (40 mmol) of NaOH dis-
solved in 50 ml of H O, 4.48 g (40 mmol) of 1,3-
propanesultone (2a) dissolved in 40 ml of toluene
and 0.2 g of TEBA was heated for 4 h while stir-
ring. Upon cooling it to room temperature the lay-
ers were separated, the aqueous layer was evaporat-
ed until the first crystals appeared. Propanone and
2-propanol (30 ml each) were added to the residue.
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Constans, 'H NMR spectra data and elemental analysis of synthesised compounds 3 a—e, 4 a—, 5 a, b

'"H NMR spectra, 8, ppm., multiplicity

Found, % / Calculated, %

Molecular formula

M.p.,

°C

Yield,

%

No of

comp.

1.95 (t, 2H, CCH,C), 2.15 (m, 2H, CCH,C), 2.21 (t, 2H, CH,CO) 2.91 (t,

2H, CH, S), 3.28 (t, 2H, CH,N-ring), 3.79 (t, 2H, CHN)

o

C.H,_NNaO,S

>350

64.2

3a

1.81-2.14 (m, 8H, CCH,C), 2.25 (t, 2H, CH,CO), 2.94 (t, 2H, CH.S), 3.05 (t,

2H, CH,N-ring), 3.76 (t, 2H, CH,N)

(e

C,H,NNaO,S

67.6  229-230

3b

2.07 (m, 2H, CCH,C), 2.28 (t, 2H, CH,CO), 3.01 (t, 2H, CH,S), 3.63 (t, 2H,

CH,N-ring), 3.71 (t, 4H, CH,N)

47.05
47.07
45.36

C,H N,NaO,S

>350

61,8

3c

1.81 (m, 2H, CCH,C), 2.23 (t, 2H, CH,CO), 2.92 (t, 2H, CHN), 7.49-7.75 (m,
4H, CH

45.29

C, H,NNaO.S

749  225-226*

3d

arom')

2.26 (1, 2H, CH,CO), 3.89 (1, 2H, CH,N), 7.75-8.04 (m, 10H, CH

arum')

8.70
8.84

C H.N,NaO.S

>350

442

3e

1.88-2.18 (m, 8H, CCH,C), 2.34 (m, 1H, CHCO), 2.52 (t, 2H, CH,S), 2.92 (t,

4H, CHN), 3.61 (t, 2H, CHN)

C10H17NNa207S2

>350

67.6

4a

1.71-2.12 (m, 12H, CCH,C), 230 (m, 1H, CHCO), 2.95 (t, 4H, CH,S), 3.27

and 3.71 (t, 2H, CH,N)

C,H,NNa,O.S,

215-216*

68.7

4b

1.91-2.18 (m, 6H, CCH,C), 2.28 (m, 1H, CHCO), 291 (t, 4H, CH,S), 3.04 and

3.72 (t, 2H, CHN), 7.61-7.72 (m, 5H, CH

CISHZ[]NZNaZO7SZ

60,1  191-192*

4c

amm)

2.02 (m, 2H, CCH,C), 2,35 (t, 1H, CH,CO), 3.14 (t 2H, CHN), 4.61 (s, 2H,

NCH,S)

571 232-233* CHNNaO,S

S5a

2.62 (t, 2H, CH,CO), 3.02 (t, 2H, CH,N), 4.96 (s, 2H, NCH.S), 7.75-8.04 (m,

5H, CH

43.16

C,H,N,NaO,S

643  >350

Sb

arom)

43.18

* With decomposition.
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The formed crystals were filtered
off, washed 3 times with ethane-
nitrile and recrystallised from wa-
ter-2-propanol (2:1). The cons-
tants and the data of 'H NMR
spectrum of 4 a—c are listed in
Table.

General procedure for synthe-
sis of N-sulfomethylated 2-pyrro-
lidinone and 1-phenyl-3-pyrazoli-
dinone (5a, 5¢). To a solution of
0.8 g (20 mmol) of NaOH in 50
ml of H,O, 20 mmol of 2-pyrro-
lidinone (la) or 1-phenyl-3-pyra-
zolidinone (1¢) was added, and
3.34 g (20 mmol) of sodium bro-
momethanesulfonate was added to
the obtained solution. The solu-
tion was heated for 5 h, filtered
off, and the water was evapora-
ted. 20 ml of ethanol and propa-
none was added to the remain-
der. The formed crystals were fil-
tered off and recrystallised from
2-propanol-water (1:1). The cons-
tants and the data of 'H NMR
spectrum of 5a, 5c are presented
in Table.

3-(3,4,5,6-Tetrahydro-2H-7-aze-
pinyloxy)-1-propanesulfonic acid
(6b). 3.39 g (30 mmol) of 6-hexa-
nelactam (1b) was dissolved in 50
ml of dioxane and 3.66 g (30
mmol) of 1,3-propanesultone (2a)
was added to the mixture. The
mixture was kept at a temperatu-
re of 40-45 °C for approximately
0.5 h (until on oil-like layer for-
med). Dioxane was removed in
vacuum, and 50 ml of ethanenit-
rile and 30 ml of diethyl ether
were added to the viscous remain-
der. The formed crystals were fil-
tered off, washed with ethanol and
diethyl ether, and recrystallised
from 80% 2-propanol. Yield: 4.43
g (62.8 %) of 6b, m. p. 197-198
°C. Found, %: C 45.83, H 7.41, S
13.49. CH NO,S. Calculated, %:
C 4594, H 7.28, S 13.62. 'H
NMR spectrum (D,0), 8, ppm.:
1.72-1.86 and 2.09 (m, 8H,
CCH,C), 2.43 (t, 2H, CH,C=),
3.01 (t, 2H, CH,S), 3.69 (t, 2H,
CH)N), 4.22 (t, 2H, CH,O).
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3-(1-Phenyl-4,5-dihydro-3-pyrazolyloxy)-1-propane-
sulfonic acid (6¢c). Similarly to the procedure for 6b
from 4.87 g (30 mmol) of 1-phenyl-3-pyrazolidinone
(1c), 3.66 g (30 mmol) of 1,3-propanesultone (2a)
and 50 ml dioxane gave 5.11 g (60.0%) 6¢, m. p.
206-207 °C. Found, %: C 50.63, H 5.79, S 11.29.
C,H N,O;S. Calculated, %: C 50.69, H 5.63, S
11.28. '"H NMR spectrum (D,0), 6, ppm: 1.92 (m,
2H, CCH,C), 2.59 (t, 2H, CH,C=), 3.10 (t, 2H,
CH,S), 3.52 (t, 2H, CH,N), 4.40 (t, 2H, CH,0).

CONCLUSIONS

1. Under phase transfer catalysis conditions and de-
pending upon the ratio of the reacting materials, 2-
pyrrolidinone, 6-hexanelactam and 1-phenyl-3-pyra-
zolidinone with 1,3-propanesultone or 1,2-benzoxat-
hiol-3-on-1,1-dioxide afforded N-mono- or N,C-di-
substituted derivatives.

2. Under non-catalytic conditions, 2-pyrrolidino-
ne and 1-phenyl-3-pyrazolidinone with sodium bro-
momethanesulfonate and in the presence of sodium
hydroxide result in N-sulfomethylated derivatives.

3. Under neutral conditions, 6-hexanelactam and
1-phenyl-3-pyrazolidinone react with 1,3-propanesul-
tone, and O-sulfoalkylated derivatives are formed.
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SULFOALKILINTUY IR SULFOARILINTU 2-
PIROLIDINONO, 6-HEKSANLAKTAMO IR 1-FENIL-
3-PIRAZOLIDINONO DARINIU SINTEZE

Santrauka

2-Pirolidinonas, 6-heksanlaktamas ir 1-fenil-3-pirazolidino-
nas su 1,3-propansultonu arba su 1,2-benzoksatiol-3-on-
1,1-dioksidu tarpfazinés katalizés salygomis priklausomai
nuo reaguojanc¢iy medziagy santykio sudaro N-sulfoalki-
lintus, N-sulfoarilintus arba N,C-disulfoalkilintus darinius.
Esant natrio hidroksidui, 2-pirolidinonas arba 1-fenil-3-
pirazolidinonas su natrio brommetansulfonatu reaguoja,
susidarant N-sulfoalkilintiems produktams. Neutraliomis
salygomis 6-heksanlaktamas ir 1-fenil-3-pirazolidinonas su
1,3-propansultonu sudaro O-pakeistas sulforiigstis.

JI. Pactanute, I. K. Kynsatuc, A. Maruéuka,
0. Jiixep-Jlopka

CHUHTE3 CVYJIb®OAJIKWINPOBAHHBIX U
CYJAb®OAPUINPOBAHHBIX IMPOU3BOJIHBIX
2-ITIUPPOJINLIUHOHA, 6-T'EKCAHJIAKTAMA U
1-OEHUJI-3-ITMPA3OJIMAUHOHA

Peswome

Ipu B3anMOnEeHCTBUH 2-IIUPPOIUIMHOHA, 6-TeKCaHIaKTaMa
n 1-dhernn-3-nupasonuarHoHa ¢ 1,3-mMponaHCcyIbTOHOM HWIIH
¢ 1,2-6en3okcarnon-3-onH-1,1-THOKCUIOM B YCIOBHSIX
Mex(]a3HOro karaimsa B 3aBHCHUMOCTH OT COOTHOLICHHS
pearupyromux BemecTB odpaszytorcs N-cynbpoankun-, N-
cynbpoapun- win N,C-aucynbhoankuinpous3Boanse. B
HEKaTATUTHYECKUX YCIOBHIX, B IMPHCYTCTBUU €IKOTO
HaTpusl, 2-MUPPOTUIMHOH WK |-(QeHuI-3-mrupa3oNuInHOH
¢ OpomMeTaHcynboHaToM Hatpus o0pasyroT N-cynbdo-
MCECTUJIMPOBAHHBIC COCIUHCHUS. B OTCYTCTBUU THAPOKCHOA
HaTpus O-rekcaHnakrtam u 1-peHun-3-mupasonuanHOH ¢
1,3-nponancynbToHOM JaioT O-3aMelleHHble MPONAaHCYIIb-
(doHartsI.
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