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Various vinylsulfones and vinylsulfonamides have a wide range of biological activities (mainly, inhibition of
different types of enzymes) and are frequently used in synthetic organic chemistry (as active dienophiles,
Michael acceptors and, generally, active agents in 1,4-addition and electrocyclization reactions). However,
despite numerous synthesized substances of this type, the synthetic protocols for the obtaining of the low
molecular weight representatives of these compounds — 1-(methylsulfonyl)-1-propene and N,N-dimethyl-
1-propene-1-sulfonamide — seem to be still little known. In the present work we report a simple, efficient and
general protocol for the dehydrative synthesis of 1-(methylsulfonyl)-1-propene and N,N-dimethyl-1-propene-
1-sulfonamide  starting from corresponding  1-(methylsulfonyl)-2-propanol and  N,N-dimethyl-
2-hydroxypropanesulfonamide, respectively, using MeSO,Cl/organic base system basing on the preliminary
experiment of 2-(4-bromophenyl)-N,N-dimethylethenesulfonamide synthesis from 2-(4-bromophenyl)-
2-hydroxy-N,N-dimethylethanesulfonamide. The latter in its turn has been obtained starting from
N,N-dimethylmethanesulfonamide by lithiation with n-BuLi, subsequent action of 4-bromobenzaldehyde and
further workup. The applied protocol of vinyl derivatives synthesis allows to avoid isolation of intermediate
mesy! derivatives, consisting of one-pot formation of leaving group and its elimination. Accordingly to cou-
pling constants in 'H NMR spectra, synthesized N,N-dimethyl-1-propene-1-sulfonamide exists as mixture of
E- and Z-isomers (in the ratio 88:12), while isolated 1-(methylsulfonyl)-1-propene and 2-(4-bromophenyl)-
N,N-dimethylethenesulfonamide are the most stable E-isomers. The structures of the synthesized com-
pounds are confirmed by the methods of H NMR-spectroscopy and mass-spectrometry.

Keywords: vinylsulfones, vinylsulfonamides, 1-(methylsulfonyl)-1-propene, N,N-dimethyl-1-propene-
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Introduction

Vinylsulfones and vinylsulfonamides possess a variety of biological activities and this fact causes
their wide application in medical chemistry [1-3]. Moreover, these compounds are active Michael
acceptors, being intensively explored for the syntheses of S-functionalized sulfones and sulfonamides
and in Diels-Alder reaction [4-7]

Nevertheless, the low molecular weight representatives of vinylsulfones and vinylsulfonamides —
N,N-dimethyl-1-propene-1-sulfonamide 1 and 1-(methylsulfonyl)-1-propene 2 — are still little known,
and their synthetic preparation is not well-studied [8—10] (Figure 1).
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Figure 1. Structure of the target N,N-dimethyl-1-propene-1-sulfonamide 1 and 1-(methylsulfonyl)-1-propene 2.

The purpose of the present work is to work up simple and preparative protocols for the synthesis of
compounds 1 and 2.

Results and discussion
First we tested ability of vinylsulfonamides’ synthesis starting from corresponding f-hydroxy-SO,-
derivatives using MeSO,Cl/organic base system on the example of transformation of bromoalcohol 3
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to corresponding vinylsulfonamide 4. Bromoderivatives 3 and 4 were chosen because of their rela-
tively low solubility in most organic solvents (that was expected comparing with target compounds 1
and 2) and due to our ability to fix characteristic bromo-containing ions by MS-techniques.

Alcohol 3 was  synthesized similarly to been reported [11, 12]. Initial
N,N-dimethylmethanesulfonamide was metallated with n-BuLi in THF at the temperature below 0°C
and formed salt was then treated with 4-bromobenzaldehyde in the same conditions, giving the prod-
uct after appropriate workup (Scheme 1).
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Scheme 1. Synthesis of alcohol 3.

Noteworthy, that all the preliminary experiments on the syntheses of tosylates and mesylates of
f-hydroxy-SO,-derivatives 3, 5 and 6 anyway led (accordingly to '"H NMR spectra of the probes of
reaction mixtures) to formation of some amount of corresponding vinyl derivatives. That is why we
undertook dehydration of secondary alcohol 3 according to the synthesis of the similar vinyl sulfona-
mides in the presence of excess MeSO,Cl and NEt; in DCM at reflux, that allowed to avoid isolation
of intermediate mesylate [13]. The reaction proceeded smoothly and gave model vinylsulfonamide 4
with 83 % yield. The existence of the only set of signals in '"H NMR spectrum of the obtained com-
pound 4 and observed coupling constants of 15.8 Hz, which belonged to vinyl protons, testified the
formation of the most stable E-isomer of compound 4 (Scheme 2).
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Scheme 2. Synthesis of model £-2-(4-bromophenyl)-N,N-dimethylethenesulfonamide 4.

Inspired by successful synthesis of compound 4, we tried to transfer applied conditions to the syn-
thesis of vinyl derivative 1. In contrast, it turned out that the best choice for the synthesis of the target
vinyl sulfone 1 was the use of higher excess of MeSO,Cl (2 eq.) and pyridine as solvent under heating.
This difference may be attributed to the fact that elimination process for the molecule of compound 3
is influenced as by SO,NMe,-substituent, as by aromatic ring, and in the case of compound 5 only the
effect of SO,NMe,-group is present (Scheme 3).
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Scheme 3. Synthesis of the target N,N-dimethyl-1-propene-1-sulfonamide 1.

Compound 1 was isolated as a mixture of major E- and minor Z-isomer. The assignment of the sig-
nals and the ratio between two isomers (E : Z =88 : 12) was established basing on their 'H NMR-data.
Namely, the coupling constant of C=CHSO,-atom equals in the case of E-isomer to 15.1 Hz, and for
Z-isomer it equals to 11.2 Hz.

Interestingly, that 1-(methylsulfonyl)-2-propanol 6, the simplest secondary f-hydroxysulfone and
the initial substance for the synthesis of the target compound 2, was unknown to the moment. It was
synthesized starting from 1-(methylsulfonyl)-2-propanone 7 by reduction with NaBH; in MeOH
(Scheme 4).

46



I.D. Huzhva, E.H. Shvets, M.A. Kolosov

OH o

() (0]
)]\2\\5/’0 NaBH, (1.1 eq.)> )\/\\s//
Me ~ Me “Me

Me MeOH, 0°C
- 6 (73 %)

Scheme 4. Synthesis of 1-(methylsulfonyl)-2-propanol 6.

Expectedly, that compound 6, having more electron-withdrawing MeSO,-substituent (comparing
with SO,NMe,-group in molecules of compounds 3 and 5) should form corresponding vinyl derivative
under relatively milder conditions. Really, the formation of the target product 2 occurred in DCM un-
der the action of 1.5 eq. of MeSO,Cl on compound 6 in the presence of 3 eq. of NEt; at room tempera-
ture with good yield (Scheme 5).
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Scheme 5. Synthesis of the target £-1-(methylsulfonyl)-1-propene 2.

As well as for compound 4, formation of only E-isomer of the product 2 was detected using
"H NMR spectrum, which showed the only HC=CHSO,-coupling constant equal to 15.3 Hz.

Synthesized compounds 14 are stable in time and in air for at least several months, that was also
confirmed by the permanence of their spectral data.

Conclusion

Basing on  the successful ~ preliminary synthesis ~ of  E-2-(4-bromophenyl)-
N,N-dimethylethenesulfonamide, we worked up the simple and convenient protocols of the synthesis
of (E/Z)-N,N-dimethyl-1-propene-1-sulfonamide and E-1-(methylsulfonyl)-1-propene, being, together
with obtained 1-(methylsulfonyl)-2-propanol, among the most low molecular weight and little-known
compounds in their series.

Experimental

'H NMR spectra were registered in (CD3),SO (8 = 2.50 ppm) at 400 MHz using Varian MR-400
spectrometer with Si(CH3), as an internal standard. Chemical shifts are given in ppm, coupling con-
stants are given in Hz. Resonance multiplicity is described as s (singlet), doublet (d), m (multiplet) and
br (broad signal). EI mass spectra were obtained with a Shimadzu GCMS-QP2020 instrument (70 eV
ionizing energy) using direct inlet method. Argon of 99.993 % purity was used for the syntheses with
n-BuLi and MeSO,Cl. Starting n-BuLi (2.5 M in hexanes), MeSO,Cl, 4-bromobenzaldehyde, triethyl-
amine, inorganic reagents and solvents were commercially available. THF was dried over KOH and
distilled over molten potassium before use. Dichloromethane (DCM) was dried over K,COj;. Triethyl-
amine and pyridine were dried over KOH. N, N-Dimethylmethanesulfonamide and 2-hydroxy-
N,N-dimethyl-1-propanesulfonamide 5 were synthesized, as reported [12]. 1-(Methylsulfonyl)-2-
propanone 7 was obtained, as shown elsewhere [14, 15].

N,N-Dimethyl-1-propene-1-sulfonamide 1, mixture of E- and Z-isomers (E:Z = 88:12).
MeSO,Cl (27.5 g, 0.240 mol) was added dropwise to a solution of 2-hydroxy-N,N-dimethyl-
1-propanesulfonamide (20.0 g, 0.120 mol) in anhydrous pyridine (100 ml) at r.t. Resulting mixture
was than heated for 48 h. at 90°C, cooled and poured into water (800 ml) and extracted with
CHCI; (7%40 ml). The obtained extract was washed with brine (2x40 ml), conc. HCI1 (3x45 ml), brine
(40 ml), saturated aqueous NaHCO; (2x40 ml), brine (2x40 ml) and dried over K,CO;. After filtering
the drying agent and evaporating the solvent 7.74 g (43 %) of the target product were obtained. Dark-
orange liquid. '"H NMR ((CD3),S0), 3, ppm (J, Hz): 6.54-6.65 (1H, m, E-CHCH3), 6.40—6.54 (1H, m,
Z-CHCH;), 6.43 (1H, d, J = 15.1, E-C=CHS), 6.22 (1H, d, J=11.2, Z-C=CHS), 2.65 (6H, s,
Z-N(CHs;),), 2.60 3H, s, E-N(CHs),), 1.98 (3H, d, J = 7.2, Z-CH;CH), 1.87 (3H, d, J=6.7,
E-CH;CH). m/z (EI, 70 eV): 149 (M", 27), 105 (15), 44 (100), 41 (63).
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E-1-(Methylsulfonyl)-1-propene 2. MeSO,ClI (72.3 g, 0.631 mol) was added dropwise to a solu-
tion of 1-(methylsulfonyl)-2-propanol 6 (58.0 g, 0.420 mol) and NEt; (175 ml, 1.26 mol) in 1 1 of dry
DCM at temperature below 0°C. The resulting mixture was stirred for 72 h. at r.t., washed with satu-
rated aqueous NaCl (2x300 ml), aqueous 10 % HCI (3%x200 ml), brine (200 ml), saturated aqueous
NaHCO; (2x200 ml), dried over K,COs. After filtering the drying agent and evaporating the solvent
39.6 g (79 %) of the product were obtained. Pale-yellow crystals after washing with mixture hex-
ane/MTBE (2:1) and air drying. M.p. 38-9°C. 'HNMR ((CD;),SO), &, ppm (J, Hz):
6.68-6.77 (1H, m, CHCHs;), 6.65 (1H, d, J = 15.3, C=CHS), 2.93 (3H, s, SO,Me), 1.86 (3H, d, J=5.5,
CH;CH). m/z (EI, 70 eV): 120 (M", 6), 105 (17), 91 (28), 64 (22), 57 (37), 45 (53), 41 (100).

2-(4-Bromophenyl)-2-hydroxy-N,N-dimethylethanesulfonamide 3. »-BuLi (2.5 M in hexanes,
27 ml, 68 mmol) was added dropwise to a solution of N,N-dimethylmethanesulfonamide (7.0 g,
57 mmol) in 45 ml of THF at temperatures below —5°C. The mixture was stirred under cooling for
1.5 h and a solution of 4-bromobenzaldehyde (11.6 g, 63 mmol) in 20 ml of THF was added dropwise
at temperatures below —5°C. The resulting mixture was stirred for 12 h. A conc. aqueous solution of
NH4Cl1 (18 ml) and 750 ml of water were added in turn. The mixture was extracted with EtOAc
(5100 ml), the extract was dried over K,COs. After filtration of drying agent and evaporation of a
solvent 16.5 g (94 %) of the product were obtained. M. p. 76-8°C. '"H NMR ((CD5),SO), &, ppm (J,
Hz): 7.50 (2H, d, J = 8.3, ArH), 7.33 (2H, d, J= 8.3, ArH), 5.83 (1H, br. s, OH), 4.93 (1H, dd, /= 8.7,
J=3.5, CHOH), 3.35 (1H, dd, J = 14.5, J = 8.7, CH4Hg), 3.17 (1H, dd, J=14.5, J = 3.5, CHaHp),
2.72 (6H, s, N(CH3),). m/z (EL 70 eV): 308 (M", 1), 198 (80), 185 (57), 120 (36), 92 (67), 77 (48),
44 (100).

E-2-(4-Bromophenyl)-N,N-dimethylethenesulfonamide 4. MeSO,Cl (50.8 g, 0.44 mol) was
added dropwise to a solution of 2-(4-bromophenyl)-2-hydroxy-N,N-dimethylethanesulfonamide 3
(80.2 g, 0.26 mol) and NEt; (126 ml, 0.91 mol) in 710 ml of dry DCM at temperatures below 0°C. The
resulting mixture was heated to reflux for 24 h., cooled, washed with water (3x400 ml), aqueous 20 %
HCI (3%x60 ml), saturated aqueous NaHCO; (4x100 ml), water (400 ml), dried over K,COs. After fil-
tering the drying agent and evaporating the solvent 63.0 g (83 %) of the product were obtained. Pale-
yellow crystals. M. p. 128-9°C (EtOAc). '"H NMR ((CDs),S0), &, ppm (J, Hz): 7.70 (2H, d, J= 8.0,
ArH), 7.61 (2H, d, J=28.0, ArH), 7.36 (1H, d, J = 15.8, C=CHAr), 7.31 (1H, d, J = 15.8, SCH=C),
2.69 (6H, s, N(CH;),). m/z (EI, 70 eV): 291 (M(*'Br)", 21), 289 (M("Br)", 20), 225 (70), 181 (31),
102 (100), 75 (20), 44 (23).

1-(Methylsulfonyl)-2-propanol 6. NaBH, (30.8 g, 0.81 mol) was added portionwise to a solution
of 1-(methylsulfonyl)-2-propanone 7 (100 g, 0.73 mol) in MeOH (800 ml) under bubbler at tempera-
tures below 0°C. The resulting mixture was stirred for 24 h. at r.t., the solvent was removed under
reduced pressure. CHCI; (600 ml) and saturated aqueous Na,COj; (150 ml) were added to the residue
and the resulting mixture was allowed to stir for 1.5 h. Organic phase was collected, dried over K,COs.
After filtering the drying agent and evaporating the solvent 74.5 g (73 %) of the product were ob-
tained. Pale-yellow crystals. M. p. 61-3°C 'H NMR ((CD5),S0), &, ppm (J, Hz): 5.10 (1H, br. s, OH),
4.01-4.13 (1H, m, CH), 3.19 (1H, dd, J=14.6, J = 8.6, CH,Hp), 3.00 (1H, dd, J=14.6, J = 3.0,
CHaHp), 2.94 (3H, s, SO,CH3), 1.14 (3H, d, J=6.3, CH;CH). m/z (EI, 70 eV): 139 (52), 123 (66),
121 (48), 94 (100), 79 (66), 59 (41), 45 (33), 41 (43), 31 (56), 15 (32).
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1.0. T'yxea, O.I'. Weeub, M.O. Konocos. CuHTes 1-(MeTuncynbdoHin)-1-nponerny ta N,N-gumeTtun-1-nponen-
1-cynbchoHamigy.

XapkiBCbkuii HauioHanbHUi yHiBepcuTeT iMeHi B.H. KapasiHa, ximiuHui dakynbteT, mangaH Ceoboau, 4,
Xapkis, 61022, YkpaiHa

PisHOMaHITHi BiHiNcynboHM Ta BiHiNcynbdoHaMiaM mMalTb LWMPOKMIA cnekTp GionoriyHoi akTMBHOCTI (ULe, B OC-
HOBHOMY, iHFiOyBaHHSA Pi3HMX TUNIB (DEPMEHTIB) i YaCTO BMKOPWUCTOBYIOTLCA B CMHTETUYHIN OpraHivyHoi Ximii (SK
aKkTuBHi gieHodinu, akuentopu Mixaens i, B Linomy, akTUBHI areHTu B peakuiax 1,4-npuegHaHHsa Ta enekTpoLikni-
3auii). OgHak, He3BaXxar4um Ha MonNynsApPHICTb BENMKOI KiNbKOCTI NOAIGHNX CNonyK, NpenapaTyuBHi MeTOOVKM oaep-
XKaHHS HM3bKOMOIEKYNSAPHUX MpPeAcTaBHUKIB LbOro knacy — 1-(MetuncynbgoHin)-1-nponeHy i N,N-gumetnn-
1-nponeH-1-cynbdoHamigy — 0O TenepilHbOro Yacy BMBYEHI Marno. Y Lji poboTi M1 NOBIAOMMASEMO NPO NPOCTUHN,
eekTMBHUIA | 3aranbHuiA  cnoci®é cuHTe3dy  1-(mMetuncynbdgoHin)-1-nponeHy i N,N-gumeTtun-1-nponex-
1-cynbpoHamigy wnsaxom Aerigpatadii, BignosigHo, 1-(MeTuncynbdoHin)-2-nponaHony Ta N,N-gumetun-
2-rigpokcinponaHcynbdoHamigy B cuctemi MeSO,Cl/opraHiyHa ocHOBa, cnvparyuMcb Ha nonepegHii ekcnepu-
MEHT 3 cuHTesy 2-(4-6pomdeHin)-N,N-gumeTunsiHincynsdoHamigy Buxoasum 3 2-(4-6pomdeHin)-2-rigpokcu-
N,N-gnmetunetaHcynsdoHamigy.  OcTtaHHin, 'y cBow  4yepry, ©Oyno oTpumaHO, BMXOOAYM 3
N,N-gnmeTunmetaHcynboHamigy  Wwnaxom  MiTioBaHHA  3a  gonomorot  H-Buli, nogansiwioi  Aif
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4-6pombeH3anbaerigy i HacTynHoi 06pobku. BukoprctaHa meToamka CUHTE3Y BiHINMMNOXIGHWX JO3BOMSE YHUKHYTK
BUAINEHHA NPOMDKHUX Me3UnaTiB i nonarae B ogHoOpeakTopHOMy (hOpMyBaHHiI BigXigHOI rpynu Ta ii BigwenneHHs.
3rigHO KOHCTAHT CNiH-CMIHOBOrO POS3LUENMEHHA Y CrekTpax H AMP, otpumanun N,N-gumeTunn-1-nponex-
1-cynbpoHamig icHye y Burnsagi cymiwi E- i Z-isomepiB (y cniBeigHoweHHI 88:12), y ToW 4yac sk BuAineHi
1-(MeTuncynbdoHin)-1-nponeH i 2-(4-6pomdeHin)-N,N-gumeTuneiHincynsdoHamia € Hanbinbw crabinbHUMK
E-nsomepamun. bygooBy CUHTE30BaHUX CMOMyK NigTBEPAXEHO MeToaamu H AMP-cnekTpockonii Ta mMmac-
cnekTpomeTpii.

KnrouoBi cnoBa: BiHincynboHu, BiHincynsdoHamian, 1-(metuncynbcoHin)-1-nponeH, N,N-gumetun-
1-nponeH-1-cynbdoHamig, gerigpartadis.

n.0.Nryxea, E.llBeu, M.A.KonocoB. CuHTe3 1-(metuncynbcdonun)-1-nponeHa u N,N-gumeTtun-1-nponex-
1-cynbpoHammaa.

XapbKOBCKMI HauUMOHanbHLIN yHuBepcuTeT umeHn B.H. KapasunHa, xumunyeckuii cdakynbteT, nn. Ceoboabl, 4,
XapbkoB, 61022, YkpanHa

PasnnyHble BUHWNCYNbMOHBI 1 BUHMICYNbGOHaMMALI 00NadalT LWMPOKUM CMEKTPOM GUOMNOrMyeckon akTmB-
HOCTU (3TO, B OCHOBHOM, MHIMOUPOBaHNE pa3nu4YHbIX TUMOB (PEPMEHTOB) M YacTO UCMONb3YIOTCA B CUHTETUYE-
CKOW OpraHuM4eckor XmMumn (B Ka4ecTBE aKTUBHbLIX AMEHOMUNOoB, akuenTtopoB Muxasns v, B LENOM, aKTUBHbIX
areHToB B peakuusax 1,4-npucoefnHeHunst u anekTpoumknunsaumm). OgHako, HECMOTPS Ha M3BECTHOCTL BONbLLOrO
KonmyecTBa NogobHbIX COeQUHEHMN, NpenapaTuBHbIE METOAMKN MOMYYEHUs] HU3KOMOMEKYNSAPHbIX NpeacTaBuTe-
nen atoro knacca — 1-(metuncynoegonun)-1-nponeHa n N,N-gumeTtun-1-nponeH-1-cynsoHammnaa — A0 HACTOS-
LLlero BpeMeHM n3yyeHbl Mano. B HacTosiern pabote mbl coobiaem 0 NpocTom, 3PHEKTUBHOM M 0OLLEM CMOCO-
0e cuHTesa 1-(metuncynbdoHun)-1-nponeHa n N,N-gumeTnn-1-nponeH-1-cynbpoHammaa nyTém germgparauum,
COOTBETCTBEHHO, 1-(MeTuncynboHun)-2-nponaHona n N,N-gumeTnn-2-rugpokcunponaHcynsdoHammnaa B cuc-
Teme MeSO,Cl/opraHuyeckoe OCHOBaHWE, OMUMPasiCb Ha MpeaBapUTENbHbIA 3KCMEPUMEHT MO CUHTE3Y
2-(4-6pomdpenun)-N,N-gumeTnneuHuncynsoHammaa ucxops 13 2-(4-6poMdbeHuUn)-2-ruapokcu-
N,N-gumeTtunataHcynbcoHammaa. [locnegHuin, B  CBOW  oyvepedb, Obln  nmonmydeH  ucxoass U3
N,N-gumeTtnnveTtaHcynboHaMmmga nyTeM nUMTUPOBaHWS C nomowbo  H-Buli, nocnepyiowero pencreus
4-6pombeH3anbaernga u ganbHenwen obpaboTku. Mcnonb3oBaHHas MeToAMKa CUHTE3a BUHWUIMPOU3BOLHbLIX
no3BonseT nm3bexartb BblOeNeHNsi NPOMEXYTOYHbIX ME3UNaToB M COCTOUT M3 OQHOPEaAKTOPHOro hopMMpoBaHUs
yxoasLwen rpynnbl 1 ee oTwenneHns. CornacHo KOHCTaHTaM CMMH-CMMHOBOrO pacluennexHns B cnektpax H AMP,
nony4yeHHein N,N-gumeTtun-1-nponeH-1-cynscoHamu cywlecTByeT B BMAe cMecu E- n Z-u3omepoB (B COOTHO-
weHnn 88:12), B TO BpeMs Kak BblaeneHHole 1-(MeTuncynbdoHun)-1-nponeH wun 2-(4-6pomdenun)-
N,N-gumeTuneuHuncynegoHamma sBnsaTcs Hanbonee ctabunbHbiMM E-u3oMmepamu. CTpoeHne CUHTE3MPOBaH-
HbIX COEMHEHU NOATBEPXAEHO METOAaMMU H AMP-cneKkTpocKkonMu 1 Macc-CnekTpPoOMeTpuM.

KnioueBble cnoBa: BMHWUMNCYNb@OHbI, BUHUNCYNbdOHaMuAabl, 1-(MeTuncynbgonnn)-1-nponeH, N,N-gumeTumn-
1-nponeH-1-cynboHamng, gerngpataumsi.
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