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The effect of solvent, some additives and temperature on the dehydrating properties of
dimethyldichlorosilane (DMDCS), trimethylchlorosilane (TMCS) and 1,1,1,3,3-hexamethyldi- silazane
(HMDS) in the synthesis of 1-benzyl-2-phenyl-4-benzylidene-5-imidazolone from benzylamide N-
benzoyl-a,B-dehydrophenylalanine was investigated. It was found that in the case of using DMDCS
or TMHS as a reagent, the formation of a by-product - 2-phenyl-4-benzylidene-5-oxazolone was
observed. Formation of the latter was not detected in the presence of triethylamine when TMCS was
used as a silylating agent. The best results for the synthesis of imidazol-5-one (84%) were obtained
with boiling the reaction mixture of benzylamide and HMDS in DMF for 15 min. Replacing DMF with
dimethylacetamide, acetamide, formamide or pyridine, and lowering temperature of the reaction
mixture reduces the yield of the target product. On the basis of the data obtained, it has been
concluded that HMDS is an effective reagent for the synthesis of 1,2,4-tri-substituted imidazol-5-ones

by dehydrating the amides of N-acny,B-dehydroamino acids.

Table 1, references 13.

In the organic synthesis, silylating agents have found wide application. It is
known that trimethylchlorosilane (TMCS) is used in the synthesis of ethers [1] and
esters [2], and also promotes the reaction of Bedginelli [3]. 1,1,1,3,3,3-
Hexamethyldisilazane (HMDS) has found application in the synthesis of imides of
dicarboxylic acids [4] and phthalocyanines [5]. In recent years, TMCS [6], HMDS
[7-10] and N, O- bistrimethylsilylacetamide (BTMSA) [11 12] have been used in the
synthesis of 1,2-di- and 1,2,4-trisubstituted imidazol-5-ones.

The present work is devoted to the evaluation of dehydrating properties of some
silylating agents in the synthesis of imidazol-5-ones. As the silylating agents (SA)
TMCS, HMDS and dimethyldichlorosilane (DMDCS) were used. To assess the
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dehydrating properties of some SA as a model, they were reacted with bénzylamide
of N-benzoyl-o,B-dehydrophenylalanine (1), dehydration of which resulted in the
formation of 1 benzyl-Z-phenyl-4 benzylldemmldazole -5-one (2).
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The influence of both the reaction conditions (reaction time, solvent,
temperature, reagent ratio) and some additives (pyridine, triethylamine, N-
methylmorpholine, imidazole) on the target product 2 was studied. The yield of
product 2 was determined spectrophotometrically at 370-375 nm (maximum
absorption of compound 2 in the UV spectrum). Amide 1 in this region did not show
absorption. As the standard, we chose the absorption intensity at 275 nm of pure
imidazolone 2 (Io). After the synthesis, the product, without purification, was
studied for both the UV and IR spectra. To estimate the yield of compound 2, the
intensity (Ie) of the absorption spectrum of the reaction mixture at 370-375 nm was
used. Calculations were carried out for compound 2 according to equation (1).

lex 100 :
(1)

The IR spectrum was used to determine the presence in the reaction mixture of
the parent substance 1 (3177-3271 c¢m’', NH-amide), the desired imidazole-4-one 2
(1710-1716 em’', CO imidazolone) and the by-product 2-phenyl-4-benzylidene-
5(4H)-oxazolone (3) (1791-1796 em’™t, CO of oxazolone). The obtained results are
given in the Table.

The results in the Table show that the use of DMDCS in DMF leads to the
formation of a mixture, IR spectrum of which contains the characteristic absorption
of both the starting material 1, the desired product 2 and the by-product 3 (table
entries1-3). A similar picture is also observed in the case of using TMCS both
separately (entries 4.5), and in the presence of pyridine (entries 8-10) or imidazole
(entry 6) as additives. However, when triethylamine (entries11-12) or N-methyl-
morpholine (entry 13) is used as an additive, by-product 3 is absent, but desired
product 2 is obtained in low yields (11.8-25.5%). The reaction involving TMCS in
DMF (entry 5), acetamide (entry 14) and dimethylacetamide (entry 15) proceeds
with the formation of by-product 3..In formamide (entries 17,18), we do not register
the formation of a by-product, howeye_r; desired product 2 is obtained in low yields
(6.69-8.85%). When compound 1 is reacted with TMCS in dioxane or acetonitrile,
the starting material is obtained unchanged back (entries 16,19).

% =
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Table

Influence of sililating agents (SA) - dimethyldichlorosilane (DMDCS), trimethylchlorosilane (TMCS), 1,1,1,3,3,3-hexamethyldisilazane
(HMDS), some additives (A) and the reaction conditions on the yield of imidazole-5-one 2, and IR spectrum of the obtained compounds

Entry SA Relation | Solvent* | (A)** | Relation | Conditions | Time, | Reaction Yield of IR spectrum,

Ne 1:SA SA:A min product prod.2, v, el
%

1 DMDCS 1:3 DMF - boiling 60 mixture = 1716 (C=02)

1,2,3 1792 (C=0 3)

3233 (NH 1)

2 DMDCS 1:3 DMF Py 1:1 boiling 60 mixture - 1714 (C=02)

' 123 1794:(C=0 3)

3245 (NH 1)

3 DMDCS 1:3 DMF NEt; 11 boiling 60 mixture = 1715 (C=02)

1,2,3 1794 (C=03)

3232 (NH.1)

4 TMCS 1:3 DMF = L boiling 30 mixture i 1713 (C=02)

1,2,3 1794 (C=03

3221 (NH 1)

5 TMCS 123 DMF - £ E boiling 60 mixture = 1715 (C=02)

1,23 1791 (C=03

3225 (NH1)

6 TMCS 1:3 DMF Im 1:1 boiling 60 mixture = 1710.(C=02)

1,2,3 1796 (C=0.3)

St 3235(NH 1)

7 TMCS 1:3 DMF Py 3:1 boiling 60 mixture 10.21 1716 (C=0 2)

1,2 3255(NH 1)

8 TMCS 1:3 DMF Py 1:1 boiling 60 mixture - 1712 (C=02)

1,2,3 1794 (C=0 3)




l

3238 (NH 1)

9 TMCS 1:3 DMF Py 3:10 boiling 60 mixture = 1712 (C=0 2)
1,23 1794 (C=0 3)

3234 (NH 1)
10 TMCS 1:3 DMF Py 3:20 boiling 90 mixture = 1710 (C=02)
1,2,3 1794 (C=02)

3262 (NH 1)
11 TMCS 1:3 DMF NEt; 1:1 boiling 60 mixture 24.41 1716 (C=02)
1,2 3215(NH1)
12 TMCS 1:3 DMF NEt3 3:10 boiling 60 mixture 25.49 1716 (C=0 2)
1,2 3242 (NH 1)

13 TMCS 1:3 DMF NMM 1:1 boiling 60 mixture 11.76 1715 (C=02)
1,2 3231 (NH 1)

14 TMCS 1:3 AA < < 120°C 60 mixture = 1715 (C=02)
1,2,3 1796 (C=0 3)

3258 (NH 1)

15 TMCS 1:3 DMAA g = 150°C 60 mixture = 1716(C=02)
1,2,3 1792 (C=0 3)

3271 (NH 1)

16 TMCS 1:3 AN &5 =8 boiling 60 1 0 3177 (NH 1)
17 TMCS 1:3 FA = == 150°C 30 mixture 6.69 1714 (C=02)
1,2 3242 (NH 1)

18 TMCS 1:3 FA e = 150°C 60 mixture 8.85 1714 (C=02)
1,2 3237(NH1)

19 TMCS 1:3 DO s 2. boiling 60 1 0 3226 (NH 1)
20 TMCS/HMDS 1:3 DMF 2= = boiling 60 1 0 3222 (NH 1)

1:1

21 HMDS 1:2 DMF = = boiling 60 mixture 52.13 1711 (C=02)




1,2 3243 (NH 1)
22 HMDS 1:3 DMF = = boiling 10 mixture 39.42 1711 (C=02)
1,2 ; 3223 (NH 1)
23 HMDS 1:3 DMF = = boiling 15 2 84.05 1716 (C=012)
24 HMDS 1:3 DMF = = boiling 20 2 75.25 1710 (C=02)
25 HMDS 1:3 DMF g = boiling 30 2 70.99 1716 (C=02)
26 HMDS 1:3 DMF = . boiling 60 2 67.88 1716 (C=02)
27 HMDS 1:3 DMF = = 100°C 60 mixture 9.26 1711 (C=02)
1,2 3208 (NH 1)
; 28 HMDS 1:3 DMF Z = 120°C 60 mixture 26.16 1713 (C=0-2)
1,2 3247 (NH 1)
29 HMDS 1:7 - -~ = 100°C 60 1 0 3213 1 3285
(NH 1)
30 HMDS 1:3 AN = = boiling 60 0 3243 (NH 1)
31 HMDS/ DMFA 1:3 AN = = boiling 60 0 3211 (NH 1)
1:2 .
32 HMDS 118 Py = o boiling 60 mixture 13.32 1716 (C=02)
1,2 3218 (NH 1)
33 HMDS 1:3 DO = = boiling 60 1 0 3227 (NH 1)
34 HMDS 1:8 FA == = 150°C 30 mixture 10.07 1713 (C=02)
1,2 3242 (NH 1)
35 HMDS 1:3 FA = = 150°C 60 mixture 12.78 1710 (C=02)
3 1,2 3247 (NH1)
36 HMDS 13 DMAA = s 150°C 60 1 0 3266 (NH 1)

*DMF — dimethylformamid, AA —acetamid, DMAA - dimethylacetamid, FA — formamide, AN — acetamide; DO — dioxin; ** Im — imidazole, Py —

pyridine, NMM — N-methylmorpholine.




The results in the Table also show that dioxane or acetonitrile do not allow the
reaction to proceed with HMDS (entries 30, 33), however, the reaction in
dimethylformamide has good results after 15 min (entry 23). Moreover, in the IR
spectrum of the obtained reaction product, in addition to absorption at 1716 cm-1, no
other absorption characteristic of compounds 1 and 3 is observed. It should be noted
that prolongation of the interaction time leads to a decrease in the yield of desired
product 2 (entries 24-26). In this case tar formation occurs. When the reaction is
carried out at relatively low temperatures (100 or 120°C, entries 27 and 28) no
satisfactory results are observed. A similar result is also obtained when compound 1
is reacted with HMDS in the solvent-free conditions or in pyridine, acetonitrile,
dioxane, acetamide, formamide or dimethylacetamide (entries 29-36). The use of a
mixture of TMCS-HMDS in DMF does not result in the formation of desired
product 2 (entry20).

Thus, from the investigated silylating agents for the synthesis of imidazol-5-
one, HMDS is the best one, which in DMF comparatively quickly (15 min) leads to
the formation of the desired product in high yield (84%). Also note that the proposed
[11] BDSA cyclization of amides of N-formyl-a,B-dehydroamino acids in imidazol-
5-ones is carried out in pyridine at 100°C for 12 4 with a yield of 52-98%. Based on
this, it can be concluded that HMDS exhibits high efficiency as a cyclocondensing
agent for the synthesis of imidazol-5-ones from the correspondmg amides of N-
substituted a,-dehydroamino acids. :

Experimental Section

The IR spectra were recorded on a spectrometer in vaseline oil, the 'H NMR
spectra were measured on a Varian “Mercury-300” spectrometer in DMSO-dg using
TMS as internal standard. The UV spectra were recorded on Thermo Electron
Corporation “Helios Y spectrometer. TLC was carried out on “Silica Gel” 60 Fasy
plates in the system benzene:methanol= 5:2, developer — iodine vapor. 4-
Benzylidene-5(4H)-oxazolone was synthesized according to [13]. ,

N-benzoyl-a,f-dehydrophenylalaninebenzylamide (1). To a solution of 2.5 g
(10 mmol) of 2-phenyl-4-benzylidene-5(4H)-oxazolone in 25 ml of ethylacetate was
added 1.18 g (1.2 ml, 11 mmol) of amine and allowed to stand at room temperature
for 24 h. The formed precipitate was filtered off, washed with 25 m/ of diethyl ether
and air-dried. Recrystallized from 50% ethanol. Yield 85.71%, mp 178-180°C, R
0.48. IR spectrum, v, em™: 1639 (C=0-amide), 3265 (NH). NMR spectrum, 'H
NMR, 6, ppm, Hg: 4.45 (2H, d, J 6,1, CH,), 7,16-7,38 (9H, m, Ar), 7.43-7.59 (5H,
m, Ar), 8.02-8.08 (2H, m, Ar), 8.45 (1H, t, J 6.1 NHCH,), 9.76 (lH S, NH) uv
spectrum, A, nm (Ig €): 276 (1.098).

1-Benzyl-2-phenyl-4-benzylidene-5-imidazolone (2). To a solution of 0.5 g
(1.4 mmol) of compound 1 in 5 m/ of DMF was added 0.68 g (0.89 ml, 4.2 mmol) of
1,1,1,3,3,3-hexamethyl- disilazane and the reaction mixture was refluxed for 30 min.
45 ml of water was added, acidified to pH 6. The formed precipitate was filtered off,
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washed with water and air-dried. The product was dissolved in 30 m/ of benzene, 1.0
g of activated carbon was added, the mixture was refluxed for 30 min, cooled to
room temperature and filtered. After removal of benzene on a rotary evaporator, the
résidue was 0.31 g (65.96%). Yield 65,.9:6 %, mp 147-149, R¢ 0.79. IR spectrum, v,
em™: 1715 (C=O-cycle). 'H NMR spectrum, 8, ppm: 4.95 (2H, s, CHy), 7.09-7.14
(2H, m, Ar), 7.19 (1H, s, =CH), 7.21-7.31 (3H, m, Ar), 7.35-7.56 (6H, m, Ar), 7.67-
7.72 (2H, m, Ar), 8.23-8.28 (2H, m, Ar). UV spectrum, A, nm (Ig €): 248.(0.949),
295 (0.620), 371 (1.479).

Preparation of samples for UV research. To a solution of 0.5 g (1.4 mmol) of
compound 1 in 5 m! of a solvent, 2.8-4.2 mmol of silylating reagent was added, and,
if necessary, an appropriate additive (Table), and the mixture was boiled for 10 to 90
min. 45 ml of water was added and left at room temperature for 3 /. The precipitate
formed was filtered off and thoroughly air dried to obtain a homogeneous mass. To
10 mg of the latter, 10 m{ of ethanol was added, the resulting solution was diluted
with ethanol 100 times, and the UV spectrum of the resulting solution was recorded.
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OIIEHKA JETHIPATHPYIOLINX CBONCTB HEKOTOPBIX
CIUIMJINPYIOIVX ATEHTOB IIPH CHHTE3E HMHJIA30.1-5-OHA

B. O. TOITY35IH, B. M. KA3OSH, I'. Ill. OTAHHHCSIH u A. A. OTAHECSIH

HccneoBaHO BIIMSHHE PacTBOPUTENS, HEKOTOPBIX H00aBOK M TEMIEPaTypel Ha
JerupaTHpyIoHe CBOMCTBA JUMETHIIIUXIIOpCHITaHa (IMIIXC), TpUMETHIIXJIOPCUTIaHA
(TMXC) u 1,1,1,3,3,3-rekca-metiwinucunasana (TMJIC) npu cunrese 1-6ensun-2-ge-
HH-4-6GeH3MIMIeH-5-IMuIa30oHa 13 Gensunamupa N-GeHsom-o,B-nerunpodeHu-
anaHuHa. Y CTAHOBJIEHO, YTO B Cllydae MpUMeHeHus B kadecTBe pearenta JIMJIXC umm
TMXC nab6mofgaercs obpa3oBaHue no6ouHoro rnponykra — 2-hennna-4-0eH3unuueH-35-

okcasonoHa. O6pa3oBaHue TOCIENHETO He 00HapyKEHO B TPHCYTCTBUM TPUITHIAMITHA
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IpU MPUMEHEHNH B KauecTBe CHIHIHpYIomero arenta TMXC. Hauny4mne pe3ynsTaThl
CHHTE3a MMMAa30Ji-5-0Ha (84%) mosyueHs! NpH KHMAYEHHH PEeaKLHOHHOM CMecH OeH-
sunamuaa, ITMJIC B IM®PA B Teuenue 15 mun. 3amena IM@DAna guMeTHnaueTaMus,
anetamuj, opMaMHA WIM TMHPUOMH, a TAKKe CHHKEHHETEMIIEPATyphl PEaKUHMOHHOM
CMECH NPHUBOAMT K yMEHBLIEHHIO BBIXOAA LIETIEBOr0 NpoaykTa. Ha ocHOBaHHH noJiy yeH-
HBIX JaHHBIX clenaHo 3akmoyenue, uto I'MJIC sBnsercs 3Q(eKTUBHEIM peareHToM IJis
cunTesa 1,2,4-Tpy3aMeleHHbIX MIMHIA30)1-5-0HOB Aeruaparanpeii amunor N-aumi-o,p-
JEerMapOaMHUHOKHCIIOT.
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