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WITH SOME SILYLATED NITROGEN-CONTAINING NUCLEOPHILES

Jozef GONDA and Zuzana ANTALOVA

Department of Organic Chemistry,
Faculty of Natural Sciences, P. J. Safdrik University, 041 67 KoSice

Received June 6, 1990
Accepted August 30, 1990

Aryl isothiocyanates and arylisocyanates react with N,O-bis(trimethylsilyl}acetamide to give
N-methyl-N’-arylthioureas and ureas. Also nucleophilic additions of other aprotic nucleophiles
(e.g. N-trimethylsilylimidazole, N-trimethylsilylpiperidine and N-trimethylsilylmorpholine) to
the N-—C==X (X == O, S) group were investigated.

Additions of protic nucleophiles and anions to the N=C=X (X = O, S) group
of isocyanates and isothiocyanates are well known'. Nevertheless, only few examples
of additions with aprotic nucleophiles have been reported, as e.g. those of halogens
or acid anhydrides to isothiocyanates; the products are, however, unstable and undergo
further transformations?:3.

This contribution is aimed to examine additions of silylated aprotic nitrogen-
-containing nucleophiles to isothiocyanates and isocyanates. An analogous reaction
was investigated by Japanese authors*:> who found that the strongly basic hexa-
methyldisilylmethylamine reacted with phenyl isothiocyanates and isocyanates at
150°C to afford N-aryl-N’-methylcarbodiimides. Hexamethyldisilazane adds to aryl
isocyanates to form N-aryl-N,N’-bis(trimethylsilyl)ureas; surprisingly, in contrast
to addition of dialkylamines, rupture of the Si—N bond took place®. Therefore, we
investigated this type of reaction using aprotic silylated nitrogen-containing nucleo-
philes. Thus, phenyl isothiocyanate (Ia) and the commercially available N,O-bis-
(trimethylsilyl)acetamide (/1) gave N-acetyl-N'-phenylthiourea (IIla) in a quantita-
tive yield by heating the components to 70—80°C (Scheme 1). The mixture was
then methanolysed after standing for 24 h. The same conditions were also applied
for preparation of substituted thioureas IIla—IIIm in 72—99% yield (Scheme I,
TableI).

The IR spectra of compounds II1la—IlIm showed absorption bands of NH
(3360—3425cm™"') and CO (1640—1690cm™") groups; in "H NMR spectra
signals of the CH;CO and NH groups appeared at é 2-05—2:53 and above 9-05,
respectively (Table II). The structure of final products was verified by the mass
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spectrum of N-(2,4-dichlorophenyl)-N'-acetylthiourea (IIITh). Scheme 2 illustrates
the fundamental fragmentation pattern.

N Si(CH), X=Si(cH),
R—N=C=X + CH;C ———» R—N=C—N=C—CH, —
0—Si(CH,), S sieny,
v p
+CH30H Il I
- CH,0Si{CHy), R—NH—C—NH—C—CH,

Mla-lm Va-Ve

In formulae /and l: X=9S

R R R
e C.H, f  4-CH,C.H, ¥ 3-(CH,),NCH,
6 4-FCH, g 3-CICH. /' C,H,CH=CHCO
¢ 4-CIC(H, h 2,4-Cl,CcH, m  o-naphthyl
d 4-BrC¢H, ./ 4-CH,COCH,
e 4-NO,C.H, ) C¢H.CO

In formulae /Vand V: X=0

R R
@ CeHs d  4-CH,0CH,
6 4-CICGH, e CeH.CH=C(CH,)—
¢ 4-BrCeH,

SCHEME 1

N-Aryl-N'-acetylureas Va— Ve were obtained in an analogous way by treatment
of isocyanates IVa—IVe with N,O-bis(trimethylsilyl)acetamide (II). More reactive
isocyanates reacted even at room temperature and in higher yields (Scheme 1,
Table I11). The IR and 'H NMR spectra of compounds V corroborated the presence
of CH,CO and NH groups (1 680 cm™!, § 2:28—2-53 and 1680 cm™' and above
5 10-58, respectively, Table IV).

For the reaction under study we propose two pathways (Scheme 3); path A sup-
poses a simple decomposition of the Si—N bond under formation of an addition
product, which underwent methanolysis to furnish the final product. A more com-
plicated path B supposes a 2 + 2 cycloaddition followed by rupture of the four-
-membered ring and methanolysis. To verify one of the proposed mechanisms we
prepared N-trimethylsilylimidazole, N-trimethylsilylmorpholine and N-trimethyl-
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SCHEME 2
R X R—N
R—N=C=x —2* CHy-C—N—TM i
N=C= path B Y or TMS/N : CH,
0—TMS 0—TMS
BSA l path A /
)I(—TMS ﬁ ﬁ
—N=C—N= +CH;0H e
R—N=C—N=C—CH, ZCH,081(CH ), R—NH—C—NH—C—CH,
0—TMS
N—Si(CH,)
TMS = (CH,),Si , BSA:CHJ_cf ! 33| oS
0—Si(CH,),

SCHEME 3
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silylpiperidine’, substances unable to enter cycloaddition according to path B and
found that aryl isothiocyanates do not react with N-trimethylsilylimidazole, whilst
isocyanates afforded 1-(arylaminocarbonyl)imidazoles VIla—VIle in 57—78% yield
(Scheme 4, Tables V and VI). Nevertheless, the corresponding addition products
were obtained on reaction of N-trimethylsilylmorpholine or N-trimethylsilylpiperi-
dine with aryl isocyanates or isothiocyanates (Scheme 4, Tables VII and VIII).

I 2
T 1. RENCX e _1REN=C=0_
R=NH—C—R 2. CH,0H R—Si(CH,), T 2CcH,0n § 7
Xa,Xb, Xla, XIb, Vila - Vile

Xl

In formulae Xa, X5, Xla, X6, Xl : In formulae Vlla-Vile:

R R’ X R’
— _
o O N—  C.H, 0 « CH,
b O_N— 4-CIC,H, O b 4-CIC4H,
4-BrC,H

N— 6"
= O Cehs 0 4 4-NO,C,H,
¢ (ON= 4-CICH, O e 4-CH,OCH,
e O _N—  CgHs s

SCHEME 4

It could be, therefore, concluded that these silylated nitrogen-containing nucleo-
philes underwent nucleophilic additions to isothiocyanates and isocyanates ana-
logously as their not silylated counterparts. In some cases the silylated nucleophiles
were more reactive, e.g. N,O-bis(trimethylsilyl)acetamide (II) reacted with isothio-
cyanates even at a gently elevated temperature, whilst acetamide did not. This proce-
dure has constituted a new approach to N-acetyl-N’-arylureas and thioureas. Ex-
periments with N-trimethylsilylimidazole, N-trimethylsilylmorpholine and N-tri-
methylsilylpiperidine indicated that their reactivity towards isothiocyanates and
isocyanates corresponded to the stability of the Si—N bond in line with® thus fa-
vouring our conception expressed by path A.

EXPERIMENTAL
The IR spectra of chloroform solutions or KBr pellets were measured with a Specord 75 (Zeiss,

Jena) spectrophotometer in the 880 —4 000 cm ! range, the 'H NMR spectra of deuterochloro-
form, deuterochloroform-hexadeuterodimethyl sulfoxide or hexadeuterodimethyl sulfoxide
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solutions containing tetramethylsilane as an internal reference or hexamethyldisiloxane as an
external standard were recorded with a Tesla BS 487 A apparatus operating at 80 MHz. The
mass spectra were taken with an AEI MS 902 S instrument at 70 eV ionizing electron energy.
The reaction course and purity of products were monitored by thin-layer chromatography on
Silufol 254 (Kavalier, Czechoslovakia) sheets.

TABLE I

Characteristic data for N-aryl-N’-acetylthioureas IlIc— Il1Im

c . ) Formula Yield, % Calculated/Found
ompoun M.w. Mp.°C ——

P %C %H %N

Illa CoH,(N,0S 99 55-65 5-18 14-43
194-2 173—175 55-63 522 14-46

11b CyHyFN,0S 93 50-93 422 13-20
2122 198—200 50-93 4:22 13-34

e CyH,CIN,O0S 98 47-26 3:94 12:25
2287 185— 188 47-34 4-01 12-35

1d CyHgBrN,0S 87 39-57 3-32 10-25
2731 117—118 39-66 3-29 10-33

e CyHgN;0,S 88 4518 3-79 17-56
2392 188— 191 4534 3-78 17-14

i/ C,0H,,N,0,S 95 5355 5-39 12:49
2242 189—192 53-59 5-45 12-52

1lig CyHyCIN,0S 87 47-26 3:96 12:25
228-7 190—193 4719 4-00 12-24

IR CyHgCI,N,08S 80 41-08 3-06 10-65
263-1 218—200 41-34 2:97 1061

I C,,H,,N,0,S 72 55:91 512 11-86
2362 230—233 5453 5-01 11-40

1* C,0HoN,0,S 77 54-04 4-53 12:60
2222 135—138 53-24 4-51 12:61

Ik C,H;sN;0S 83 55-67 6-37 1771
237-3 127—128 55-33 617 1862

1 C,,H,,N,0,S 88 58-08 4-87 11-28
2483 173—175 57-98 472 10-50

HIm C,4H;4N,0S 86 6508 5-45 10-85
2583 148— 150 6512 5:50 10:91

4 Mass spectrum, m/z (%): 229 (31), 227 (83), 205 (18), 203 (29), 187 (30), 185 (79), 163 (60),
161 (29), 43 (100); ® mass spectrum, m/z (%): 222 (26), 105 (100), 86 (60), 77 (39), 59 (31), 30 (63).
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N-Aryl-N’-acetylthioureas Illa— IlIm

Aryl isothiocyanate Ia—Im (10 mmol) was added to N,O-bis(trimethylsilyl)acetamide (2-03 g,
10 mmol) under exclusion of air moisture at 70— 80°C during 1 h. The mixture was left to stand
for 24 h, a little amount of methanol was added (c. 10 ml) and the separated crystals were filtered
off and recrystallized from ethanol. Yields and characteristic data are given in Table I, the
spectral values are listed in Table II.

TABLE I

Spectral data of N-aryl-N’-acetylthioureas Illa— IIIm

—-15a 1 b
Com- IR(cm™ ") H NMR (ppm, §)
B T — e Other protons
v(NH) »(C=O0) v(NHCS) CHj; H,, NH
1la 1680 1520 22 7-25—7-68 9-83
12-4
111 3 405 1680 1 505 2-5 7-28—7-98 11-58
IIc 1670 1 540 218 7-08—7-65 9-23
12:33
11d 3 405 1680 1535 2:48 7-7—17-98 11-75
Ille 3360 1675 1537 2-53 8-25—8-58 11-83
13-:2
1y 1 680 1520 243 7-13—17-8 1163 4:05s,3 H(CH;O)
IIg 3425 1670 1580 2:15 7-05—17-5 9:05
9:4
IIIh 3 400 1685 1570 2-48 7-5—8-55 11-93
12:93
I 1665 1530 2:33  7-95—8-23 1178 2:73s,3 H(CH;CO)
1590
i; 3390 1690 1534 2:33 7-48—8 10-53
12-5
111k 3 405 1 680 1541 218 6:55—7-35 9:73 2:95s,6 H(CHj3;)
12-35
n 1 640 1539 2-45
IIIm 3410 1 680 1544 2:05 7-38—805 9:65 5-25d,2H(CH,)
10-85

9 Compounds Illa, I11d, I11If, I11i, I11] were measured in KBr, I11b, Illc, I1lg, I11h, I111j, 111k, IIIm
in CHCl;; b compounds Illa, 1llc, Illg, I1Ij, IIIk, IIIm were measured in CDCl,, 111, 1 in
(CD4), SO0, I1ld, 1IIf, I1Ih in CDCl3~(CDj3),SO (1: 1), 111b in CDCl3~(CD3),S0 (3: 1), Ille
in CDCI3-(CD;3),SO (5: 1).
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TasLE LII
Characteristic data for N-aryl-N’-acetylureas Va— Ve

Com- Formula Yield, % Calculated/Found
ound M.w. M.p.,°C e T
P P %C  %H %N
Va CyH,(N,0, 99 60-67 566 1512
1781 172—174  60-69 5-56  15-05
. Vb® CyoHyCIN, 0, 96 50-84 427 1317
212:6 238—240  50-74 419 1319
Ve CyHgBrN,0, 97 42:05 353 10-90
257-0 213215 4212 3-41 10-89
vd® C,oH{2N,0, 98 5769 5-81 13-45
208-2 217—220 5760 583 1343
Ve C,,H,4N,0, 89 66-04 647  12:84
2182 17—178 6607 649 1281

% Mass spectrum, m/z (rel. int., %): 214 (7), 212 (22), 155 (34), 153 (100), 129 (8), 127 (30), 125
(11), 99 (7), 90 (8), 63 (7), 43 (50), b mass spectrum, m/z (rel. int., %): 208 (19), 149 (100), 134
(27, 123 (5), 122 (6), 108 (29), 106 (7), 78 (6), 52 (6), 43 (24).

TABLE IV
Spectral data of N-aryl-N’-acetylureas Va— Ve

IR (cm™1)? 'H NMR (ppm, 9)°
Compound —————— i e e Other protons
WNH) wCO) CH, H,, NH

Va 3410 1675 2:4 7:25—-17-80

Vb 3385 1 680 23 7-50—7-83 10-78
10-93

Ve — 1665 2:4 7-40—8-05 10-88

vd — 1675 2:28 7-05--7-76 10-58 3-93s,3 H(OCH3y)
10-80

Ve 3420 1700 2-53 7-63—17-70 10-65 2:3s,3 H(CH;3;CO)
10-78 6:05s, 1 H (—CH:==)

% Compounds Va— Vd were measured in KBr, Ve in CHCl;; b compounds Va, Ve, Ve were
measured in CDCl;-(CD;),S0 (1:1), Vb, Vd in (CD;),S0.
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N-Aryl-N’-acetylureas Va— Vm

N,O-Bis(trimethylsilyl)acetamide (2:03 g, 10 mmol) was added to aryl isocyanate (10 mmol)
at an ambient temperature. The exothermic reaction rose the temperature to 35—40°C which
was maintained for 2 h. Methanol (5 ml) was then added to the cooled (0°C) mixture and the

TABLE V

Characteristic data for 1-(arylaminocarbonyl)imidazoles VIla— VIle

Com- Formula Yield, % Calculated/Found
pound M.w. M.p.,°C S
%C % H % N
Vila C,oHgN;0 78-8 64-11 4-84  22:44
183-1 237 64:10 4-76 22-48
VIIb C,oHgCIN;0 723 54:19 364 1896
2216 189 54-14 3-84 18:36
Vil C,oHgBrN;0 50 45-14 303 1579
2660 224 43-04 311 15-64
vild C,oHgN,O; 668 5173 347 2413
2321 255 51-66 3-55 2429
Vile® C,H,N;0, 52:5 60-81 510 19:34
217-2 211 60-79 5-19 19-46

4 Mass spectrum, m/z (rel. int., %): 149 (100), 143 (50), 121 (8), 106 (49), 80 (8), 7€ (29), 68 (84).

TABLE VI

Spectral data of 1-(arylaminocarbonyl)imidazoles VIla— Vile

Com- IR (cm ™ !)* 'H NMR (ppm, 8)°
pound T - 0 T/
WNH) wC=N) wW(C=0) H;,(2H) H, + H;,(1H) NH  Other protons
Vila 3370 1675 1720 7-25 7-61—7-88 -
VIiIb 3 340 1680 1715 7:25 7-63—7-83 9:50
Vile 3380 1680 1710 7-25 7-55—8-00 875
vild 3365 1670 1720 7-23 7-88—8-93 -
Vile 3374 1 700 1750 7-25 7-03—7-63 863 3:93s,3H

(CH,0)

4 Compound VIla was measured in CHCly, compounds VIlb— Vlle in KBr, b compound vil,
was measured in CDCl;3, compounds VIIb— VIle in (CD;),SO.
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separated crystals were filtered off and recrystallized from ethanol. Yields and characteristic

data are presented in Table III, spectral data are seen in Table IV.

TasLE VII

Characteristic data for 1-(arylaminocarbonyl)morpholines Xa, Xb; 1-(arylaminocarbonyl)piperi-

dines XIa, XIb and 1-(arylaminothiocarbonyl)morpholine XII

Com- Formula Yield, %, Calculated/Found
ound M.w. M.p., °C
pou w P %C %H %N
Xa  C,1H.4N,0, 94 6406 685 1358
2062 154—157 6355 695 1369
Xb C,1H,5CIN,0, 96 54-89 544 1164
2406 199—-202  54:96 556 1172
Xla  C,,H,(N,0 97 70-58 790 1371
2042 125—127 6907  7-56  13-89
XIb  C;,H,sCIN,0 91 6038 633 1173
2387 142—144  59-48 648 1128
XII  C, H;4N,0S 97 5943 635  12:60
2223 127—128  59-41 650 1292
TasLe VIII

Spectral data of 1-(arylaminocarbonyl)morpholines Xa, Xb, 1-arylaminocarbonyl)piperidines
XlIa, XIb and 1-(arylaminothiocarbonyl)morpholine XII

'H NMR (ppm, 6)°

arom

NH

Other protons

IR (cm™1)®
Compound
v(NH) v(C=0) H
Xa 3340
Xb 3345
Xla 3335
XIb 3 365
XI1 3385

1640 7-28—7-83 8:58
1635 7-40—7-83 883
1635 695—7-48 6-30

1645 7-45—7-88 9-98

¢ 7-43—17-70 9-55

3:80—3-88 m, 8 H(CH,)
3-73—3-85m, 8 H(CH,)

1:83—2:00 m, 6 H (CH,)
3:33—3:50 m, 4 H(NCH,)

2:00—2-18 m, 6 H (CH,)
3-45—3-68 m, 4 H (NCH,)

4:03—4:28 m, 8 H(CH,)

4 Measured in KBr; ? compounds Xa, Xb were measured in CDCI;-(CD3),SO (1:1:5), XIb in

(1:1), XII'in (2: 1) and XIa in CDCly; ¢ v(NHCS) 1 590 cm™1,
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1-(N-Arylaminocarbonyl)imidazoles VIIa— Vile

N-Trimethylsilylimidazole (1-40 g, 10 mmol) was added to aryl isocyanate (10 mmol) under ex-
clusion of air moisture. Due to exothermic reaction the temperature rose to 35—40°C at which
it was kept for 2 h. The mixture was cooled to 0°C, methanol was added and the separated crystals
were filtered off. Yields and characteristic data are listed in Table V, spectral data are presented
in Table VI.

1-(Arylaminocarbonyl)morpholines Xa, Xb; 1-(Arylaminocarbonyl)piperidines XIa, XIb
and 1-(Phenylaminothiocarbonyl)morpholine (XII)

Applying the same procedure, starting from isocyanate or isothiocyanate (10 mmol) and N-tri-
methylsilylmorpholim:7 (1:59 g, 10 mmol) or N-trimethylsilylpiperidine (1-57 g, 10 mmol) at a
temperature range from 45—50°C and 1h reaction time the title products were prepared in
yields listed in Table VII together with their analytical data. Spectral values are given in Table
VIII.

REFERENCES

1. Drobnica L., Kristidn P., Augustin J. in: The Chemistry of Cyanates and their Thio Derivates
(S. Patai, Ed.), p. 1007. Wiley, New York 1977.

. Helmers O.: Ber. Dtsch. Chem. Ges. 20, 786 (1887).

. Wheeler H. L., Meriam H. F.: J. Am. Chem. Soc. 23, 283 (1901).

Itoh K., Kato N., Sakai S., Ishii Y.: J. Chem. Soc., C 1969, 2005.

Itoh K., Lee I. K., Matsuda I., Sakai S., Ishii Y.: Tetrahedron Lett. 1967, 2667.

. Fink W.: Chem. Ber. 97, 1433 (1964).

. Birkofer L., Ritter A.: Die Silylierung als Hilfsmittel in der organischen Synthese in Neuere
Methoden der priparativen organischen Chemie, Band V, pp. 185—209. Verlag Chemie, Wein-
heim 1967.

Translated by Z. Voticky.

Collect. Czech. Chem. Commun. (Vol. 56) (1991}





