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ORGANIC PREPARATIONS AND PROCEDLJRES INT., 32 (5 ) ,  469-480 f2(HIO) 

REACTION OF A'-[(TRIMETHYLSILYL)METHYL]CARBODIIMIDES 

WITH BIFUNCTIONAL NUCLEOPHILES 

Otohtko Tsuge,* Tatzo Hatta , Masanon Shrnomka , Htdeki Tashiro 
Hironort Maeda', and Akikazu Kakehi 

Grrrilirrrte Coirrse of Applied Clieniistc, Sojo University 
Ikerlil, Kutnatiioto 860-0082, JAPAN 

' ' Departnierit of Clieniistry cind Mriterid BigitieeriiiR. Faculty of Eiigirtreritig 
Sliirishu Utiiversiry Wakcisato. Nagatio 380-8553. JAPAN 

We previously reported the first synthesis of thermally stable (tritiiethylsilyl)tiiethyl a i d e '  
and developed a convenient one-pot route for (triniethyIsiIyl)methyl-substituted isocyanate, isothio- 
cyanate, carbodiimides. and ketenimine using the iminophosphorane generated from the aide. '  These 
heterocumulenes bearing a (triiiiethylsilyl)methyl (hereinafter abbreviated as silylmethyl) group adja- 
cent to the cumulene moiety are useful reagents in  heterocyclic synthesis. The generation and 
cycloaddition of synthetic equivalents of nonstabilized nitrile ylides starting from silylmethyl isothio- 
cyanate'-i and carbodiimides'-" provide routes to various heterocyclic systems which are otherwise 
relatively inaccessible. It  has also been demonstrated that imino-2-azaallyl anions generated from the 
desilylation of silylmethylcarbodiiniides react with aldehydes to give regioisomeric iniino- 1,3-oxazo- 

lidines.' Carbodiimides are attractive starting materials since a large number of heterocyclic 
compounds are foniied by cycloaddition or by reaction with bifunctional compounds.x Our continued 
interest in  silylmethyl-substituted heterocumulenes was thus directed to the preparation of silylniethyl- 
substituted heterocyclic compounds by the reaction of silylmethylcarbodiimides with bifunctional 
compounds. The present paper describes the addition of I -aryl-3-silylmethylcarbodiimides ( 1 ) to 

bifunctional nucleophiles such as I ,2-ethanediol or 2-aminoethanol and the cyclization of the resulting 

adducts. 
The reaction of carbodiimides 1 with I ,2-ethanediol (2) was investigated first. Although 

single iminooxazolidine derivatives are formed by the copper(1) or copper(l1) chloride-catalyzed reac- 
tion of diol 2 with symmetrically disubstituted carbodiimides such as I ,3-diisopropyl- and I J-dicy- 
clohexylcarbodiimide (DCC),"-'" to the best of our knowledge little has been investigated on the reac- 
tion of diol2 with unsymmetrically substituted carbodiiniides. 

The unsymmetrically substituted carbodiimides 1 as well as DCC' were essentially inert 
toward alcohols, but reaction with ethanol occurred smoothly in the presence of copper(1) iodide (Cul) 
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TSLJGE, HATTA, SHINOZUKA, TASHIRO, MAEDA AND KAKEHI 

to give the corresponding isourea in a quantitative yield.'? The reaction of I -phenyl-3-silylmethyI- 
(la), and I -(ptolyl)-3-silylmethylcarbodiimide (Ib) with diol2 in the presence of CuI was investigated 
under various conditions (Table I ) .  The reaction of 1 with excess 2 (10 equiv.) gave the isourea 3 
exclusively, while the reaction of 1 with one equiv. of 2 in benzene afforded a mixture of 3, the 
iminooxazolidine 4 and I -aryl-3-(silylmethyI)urea (5).  On the other hand, the reaction with 0.5 equiv- 
lent of 2 at 20" in N,N-dimethylformamide (DMF) or acetonitrile gave a mixture of 4 and 5 in good 
yield. 

TABLE 1. Reaction of Carbodiimides 1 with I ,ZEthanediol (2)" 

Products (Yield/%) 
~~~~~~~~ ~ ~ 

Entry 1 Molar ratioh Solvent' Temp./"C Tim& 
~ ~~ ~~~~~~~~~~~~ ~ ~ 

I la 1/10/0.5 B 40 5 3a (87) 

2 la 1/10/0.5 AN 20 2.5 3a (92) 

3 la 1/5/0.5 B 40 6 3a (60), 4a (l7), 5a (17)'' 

4 la 1/1/0.5 B 40 4 3a (50), 4a ( 17), 5a ( 17)" 

S la 1/1/0.5 B reflux I 3a (19), 4a (32), 5a (38)" 

6 la 1/0.5/0.5 B reflux 2 4a (78), Sa (74)' 

7 la 1/0.5/0.5 DMF 20 2 4a (77), 5a (SOY 

8 la 1/0.5/0.5 AN 20 2.5 4a (92), Sa (90)' 

9 Ib 1/10/0.5 B 40 5 3b (89) 

10 Ib 1/1/0.5 B 40 3b (62), 4b ( 13), 5b ( IS)' 
~- .. ~ 

2 
~ ~~~~ ~~ ~~~~~~~~~~~~~~ 

a) All the reactions were carried out in the presence of CuI in dry solvent under argon. b) Molar ratio 
of 1/2/CuI. c )  B: benzene, DMF: N,N-dimethylformamide, AN: acetonitrile. d) Yields were deter- 
mined by 'H NMR. e) Yields based on 2. 

Although two tautomers, 3-aryl-2-( P-hydroxyethy1)- 1 -(silylmethyl)isourea (3) and 1 - 

aryl-2-(P-hydroxyethyl)-3-(silylmethyl) isomer (3'), are possible for the initial adduct, its ' H  NMR 
data displayed the silylmethyl protons as a doublet, thus indicating the adduct to be 3 and not 3'. 
3-Aryl-2-(silylmethyI)imino- (4) or 2-arylimino-3-(silyImethyl)oxazolidine (4') is also possible for the 
iminooxazolidine derived from the initial isourea 3 with dehydration. On the basis of spectral data. 
however, it was difficult to conclude which of the two structures 4 or 4' is more reasonable for the 
iminooxazolidine. As i t  is known that iminooxazolidine reacts with phenol through a nucleophilic 
substitution to produce the corresponding urea compound upon ring opening," it  may be expected 
that I -aryl- I -( P-phenoxyethyl)-3-(silylmethyl)- (6) or 3-aryl-l-(P-phenoxyethyl)-l-(silylmethyl)urea 
(6') is formed from 4 or 4', respectively. In fact, the iminooxazolidine derived from 3a reacted with 
phenol at 80" for 20 h to afford 1 -(P-phenoxyethyl)-l-phenyl-3-(silylmethyl)urea (6a), but not 
1 -(P-phenoxyethyl)-3-phenyl-l -(silylmethyl)urea (6'a) (Scheme I). Thus, it can be concluded that the 
iminooxazolidine is silylmethyliminooxazolidine 4. 

410 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



REACTION OF N-[(TRIMETHYLSII~YI~)METHYL]CARBODlIMIUES 

Me3SiCHzN = C=N -Ar 
7 

N-Ar N 

O(CHz)zOH 

1 

+ - Me3SiCHzNHq 
Cul + Me3SiCHZNL(O] + Me3SiCHzNHCONHAr 

HO(CH&OH 

2 3 4 5 

CH2SiMe3 

,CH2SiMe3 
Me3SiCH2N< ArN=IN) Me3SiCHzNHCON, ,Ph PhNHCON, 

NHAr 

O(CHz)zOH 0 (CHz)zOPh (CHz)zOPh 

3' 4' 6a 6'a 
a ) Ar = Ph : h ) Ar = p - l ~ l y l  

Scheme 1 

As shown in Table 1, the iminooxazolidine 4 is always accompanied by an equimolar 
amount of urea 5, indicating that half of the carbodiimide 1 is consumed for the formation of urea 5. 
Thus the cyclization reaction of isourea 3 using DCC instead of 1 was investigated. It was found that 
the combination of Cul with DCC was essential for the cyclization, the corresponding iminooxazoli- 
dine 414 and 1,3-dicyclohexylurea (DCU) being obtained in good yields, especially in DMF (Table 2 ) .  

TABLE 2. Cyclization of 3 to 4 by Combination of DCC and CUP 

Entry 3 Solvent Time/h Product (Yield-0)'' 
~ 

I 3a CH,CN 5 4a (75) DCU (78) 

2 3a DMF 3 4a (90) DCU (92) 

3 3b CH,CN 3 4b (77) DCU (80) 

3b DMF 3 4b (90) DCU (93) 
~. 

4 
a) All the reactions (molar ratio of 3/DCC/CuI=l/I/O.S) were camed out at 20" under argon. b) DCU: 
1,3-dicyclohexyIurea. 

The reaction of carbodiimides 1 with 2-aminoethanol was investigated next; 1 reacted easily 
with excess 2-aminoethanol in the absence of catalyst to give the corresponding 1 -aryl-3-(P-hydrox- 
yethyl)-2-(silylmethyl)guanidine (7) in excellent yield. The other two isomers, 1 -aryl-2-(P-hydrox- 
yethyl)-3-(silylmethyl)- (7'), and 2-aryl- I-(P-hydroxyethyl)-3-(silylmethyl)guanidine (7") were 
excluded on the basis of 'H NMR spectra in which silylmethyl protons appeared as a singlet. 

NHAr NHAr NAr 
1 +HzN(CHz)zOH - Me3SiCHzN4 Me3SiCH2NHd Me3SiCH2NH4 

NH(CH2)zOH N(CHz)zOH NH(CH2)zOH 
7 7' 7" 

a ) Ar = Ph : b ) Ar =p-tolyl 

Scheme 2 
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TSIIGE, HATTA, SHINOZUKA, TASHIRO, MAEDA AND KAKEHl 

Since guanidine 7 might be expected to undergo cyclization in the same manner as the 
isourea 3 to give an imidazolidine compound, the reaction of 7 with an equivalent 1 was investigated. 
The reaclion of 7a with l a  in refluxing acetonitrile for 2 h afforded three products Sa, 9a. and 
I ,3-diphenyl-2-(silylmethyl)guanidine (10a) in 44%, 7% and 39% yields respectively (Scheme 3). 
Compound 10a was identical with an authentic sample prepared from la with aniline. 

The structure of 8a whose molecular formula corresponded to a 1 : 1 adduct A (Ar = Ph) of 
7a to la with loss of aniline, was established to be 2-(silylmethyl)- 1 -[ 3-[2-(silylmethyl)iminooxazoly- 
dinyl])-3-phenylguanidine on the basis of spectral data and X-ray crystallographic analysis. The 
ORTEP drawing of 8a is shown in Figure I . I s  

I 

Fig. 1 ORTEP Drawing of 8s 

On the other hand, the minor guanidine product which corresponded to the I : I  adduct B (Ar 
= Ph) of 7a to la by loss of (silylmethyl)amine, and was deduced to be a tautomeric mixture of 
2-(s i lylmethyl)-  I -aryl-3-  { 3-[2-(arylimino)oxazolydinyl] ) - (9a) and 3-(s i lylmethyl)-  
2-aryl- 1 - { 3-[2-(arylimino)oxazolydinyl]} guanidine (9'a) on the basis of spectral data. The reaction of 
7b with Ib under similar conditions gave the corresponding guanidines 8b and 9b in 36% and 6%' 
yields respectively (Schcheme 3).'" 

We had previously reported that 2-azaallyl anion generated from the desilylation of N-(silyl- 
merhy1)thioimidates reacted with aromatic aldehydes lo give 2,s-disubstituted 2-oxazolines4 and were 
thus interested in the behavior of 2-azaallyl anion generated from desilylation of 8. It was found that 
the desilylation of 8 with tetrabutylammonium fluoride (TBAF) in the presence of excess 
/'-'hlorobenzaldehyde gave the corresponding 2-arylatnino-5-p-chlorophenyI-2-oxazoline (11) i n  57% 
yield (Srhrinr 4 ) .  
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REACTION OF N-[(TRIMETHYLSILYL)METHYI,]CARBODllMIDES 

NHAr -ArNH? NHAr 
c I + 7 - Me3SiCH2N% Me3SiCHZN I( 

CgNCH2SiMe3 

x 

NHAr 
Me3SiCH2N< - MelSiCHLNH? 9; NHCH2SiMe3 - 

H HO 

NHAr 

NHAr 
I + ArNH2 * Me3SiCH2N$ 

10 

NHAr 
Me3SiCH2N =( CrNAr 

9 

Scheme 3 

F. NHAr Ar'CHO n - H,C-N=( L 

" NAr 
Me3SiCH2NHq 

ONAr 0 
9' 

11 
Ar' = /J-CIC,,HJ 

a ) Ax = Ph : h Ar = I J - ~ O I Y I  

Scheme 4 

EXPERIMENTAL SECTION 

Melting points were determined on a Yanagimoto micro-apparatus and are uncorrected. IR spectra 
were measured as KBr pellets unless otherwise noted. 'H and "C NMR spectra were measured in 
CDCI, unless otherwise mentioned, and recorded at 270 and 67.5 MHz, respectively. Chemical shifts 
are expressed in parts per million downfield from Me$. "C NMR resonance assignments were aided 
by the use of the DEFT technique to determine number of attached hydrogens. Mass spectra (EI 
mode) were measured at 70 eV of ionization energy and mass spectra (FAB mode) by using Xe accel- 
erated to 8 keV as the atom beam and ,It-nitrobenzyl alcohol as a matrix, respectively. Column chro- 
matography was carried out on silica gel BW-200 or NH-DM1020 (Fuji Silysia Chem. Ltd.). 
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TSUGE, HATTA, SHINOZUKA, TASHIRO, MAEDA AND KAKEHI 

l-Aryl-3-(silylmethyI~rbodiimides (1).- l-(Silylmethyl)-3-phenylcarbodiimide (la) was prepared 
according to the previously reported method.2 l-(SiIylmethyl)-3-@-tolyl)carbodiimide (Ib) was 
prepared as follows. A solution of iminophosphorane, which was prepared from silylmethyl azide' 
(1.29 g, 10 mmol) and triphenylphosphine (2.62 g, 10 mmol) in dry benzene (10 mL), was refluxed 
with p-tolyl isothiocyanate (I .49 g, 10 mmol) for 1 h. The solvent was evaporated in vucuo, and the 
residue was extracted with hexane (50 mL). The extract was concentrated in VUCUO, and bulb-to-bulb 
distillation of the residue gave 1.9 1 g (87%) of carbodiimide Ib. Both the carbodiimides la and Ib are 
quite stable for several months upon storage in a refrigerator. 
lb: colorless oil, bp 88-91°/1.0 mmHg. IR (neat): 2142, 1251, 855 cm-I; 'H NMR: 6 0.14 (s, 9H, 
SiCH,). 2.30 (s, 3H, CH,), 2.86 (s, 2H, Sic&), 6.92-7.13 (m, 4H, Ar-H); I3C NMR: 6 -2.93 (SiCH,), 
20.86 (CH,), 36.65 (Sic&), 123.09, 129.86, 133.78, 134.93 (Ar-C), 138.56 (N=C=N); EMS: m/z 

2 I8 (M+, 57). 
Anal.CalcdforC,,H,,N2Si:C,66.00,H,8.3l;N,12.83.Found:C,65.98;H,8.32;N,12.93 
Reaction of Carbodilmides (1) with 1,2-Ethanediol (2).- A typical procedure is given with an 
example for the reaction of la with 2 (entry 1 in Table 1). A solution of la (204 mg, I .O mmol) and 2 
(620 mg, 10 mmol) in dry benzene (3 mL) was stirred with CuI (95 mg, 0.5 mmol) at 40" for 5 h 
under argon. After the reaction mixture was filtered to remove the copper catalyst, benzene (7 mL) 
was added to the filtrate. The organic layer was washed with water (10 mL x 3), dried over anhydrous 
magnesium sulfate, and then concentrated in vucuo to leave 231 mg (87%) of isourea 3a. 
2-(~-Hydroxyethyl)-3-phenyl-l-(silylmethyl)isourea (3a): pale yellow oil; IR (neat): 3432, 3320, 
1651, 1251,859 cm-'; 'H NMR 6 0.04 (s, 9H, SiCH,), 2.54 (d, 2H, J = 4.8 Hz, SiCH,), 3.70-3.90 (m, 
2H, P-hydroxy-CH,), 4.30-4.55 (m, 2H, OCH,), 5.70 (br s, lH, NH), 6.65-7.40 (m, 6H, Ar-H and 

2-(~-Hydroxyethyl)-l-(silylmethyl)-3-(p-tolyl)isourea (3b).- colorless oil; IR (neat): 3424,33 18, 
1649, 1253,859 cm-I; 'H NMR: 6 0.00 (s, 9H, SiCH,), 2.27 (s, 3H, CH,), 2.65 (d, 2H, J = 5.2 Hz, 
SiCH,), 3.72-3.98 (m, 3H, CH,OH), 4.30-4.55 (m, 2H, OCH,), 5.75 (brs, lH, NH), 6.70-7.30 (m, 4H, 

As the isoureas 3a and 3b were somewhat unstable and decomposed on purification by chromatog- 
raphy (silica gel), they were used for the cyclization reaction without purification. 

The reaction with one equivalent of 2 (62 mg, I .O mmol) with Ib (2 I8 mg, 1 .O mmol) in the 
presence CuI (95 mg, 0.5 mmol) in dry benzene (14 mL) gave 244 mg of a mixture of 3b, 4b and 5b 
(5: I : 1 by 'H NMR estimationJ7) [entry 10 in Table I]. Because of lability of 3b, chromatographic 
separation of this mixture was unsuccessful. 
Direct Preparation of 3-Aryl-2-(silylmethyl)~~~oti~ (4). Typical Procedure.- A solu- 
tion of la (204 mg, 1.0 mmol) and 2 (31 mg, 0.5 mmol) in dry benzene (3 mL) was refluxed with CuI 
(95 mg, 0.5 mmol) for 2 h under argon. The reaction mixture was filtered to remove the copper cata- 
lyst, and the filtrate was extracted with benzene (10 mL). The extract was washed with water (10 mL x 
2), dried over anhydrous magnesium sulfate and then concentrated in vacuo. The residue was chro- 
matographed on silica gel (NH-DM1020) with a mixture of hexane-benzene (2:l) and benzene-ethyl 

OH); EMS: m/Z 2A8 (M+ - H,O, 1); FABMS: m/z 267 (M' + 1,26), 249 (100). 

Ar-H); EMS: dz 262 (M' - H,O, I); FABMS: m/z 281 (M' + 1,22), 263 (100). 
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REACTION OF N-l(TRIMETHYLS1LY I,)METHYL]CARBODIIMIDES 

acetate (9: 1 )  to give iminooxazolidine 4a (95 mg, 78%) and urea 5a (82 mg, 74%). respectively. 
3-Phenyl-2-(silylmethyl)iminooxazolidine (4a): colorless needles, mp 106- 107". IR: 1694, 1247,859 
cm-'; 'H NMR: 6 0.06 (s, 9H, SiCH,), 2.92 (s, 2H, SiCH,), 3.75-3.98 (m, 2H, 4-CH,), 4.20-4.45 (m, 
2H, 5-CH,), 6.85-7.75 (m, SH, Ar-H); I'C NMR: 6 -2.41 (SiCH,), 38.20 (4-C), 46.32 (5-C), 62.86 
(SiCH,), 117.61, 121.56, 125.65, 140,76 (Ar-C), 148.10 (2-C);  EIMS: d z  248 (M+, 91), 247 (100). 
Anal. Calcd for C,,H2,,N20Si: C, 62.86; H, 8.12; N, I 1.28. Found: C, 62.86; H, 8.17; N, 1 1.27 
2-(Silylmethyl)imino-3-(p-tolyl)oxazolidhe (4b): colorless needles, mp 123- 123.5". IR: 1692, 1245, 
862 cm'; IH NMR: 6 0.06 (s, 9H, SiCH,), 2.29 (s, 3H, CH,), 2.90 (s, 2H, SiCH,), 3.85 (dd, 2H, J= 
6.3, 7.6 Hz, 4-CHz), 4.31 (dd, 2H, J= 6.3,7.6 Hz, 5-CH2), 7.12, 7.52 (each d, 2H, J= 8.4 Hz, Ar-H); 
"C NMR: 6 -2.43 (SICH,), 20.65 (CH,), 38.13 (4-C), 46.49 (5-C), 62.89 (SiCH,), 117.82, 129.16, 

A n d .  Calcd for C,,H2,N,0Si: C, 64.08; H, 8.45; N, 10.67. Found C, 64.02; H, 8.44; N, 10.66 
3-Phenyl-l-(silylmethyl)urea (5a): colorless needles (hexane), mp 103- 104". IR: 33 10, 1644, 1247, 
859 cm'; IH NMR: 6 0.03 (s, 9H, SiCH,), 2.68 (d, 2H, J= 5.3 Hz, SiCH,), 5.43 (br s, lH, NH), 
6.80-7.40 (m, 5H, Ar-H), 7.61 (br s, IH, NH); "C NMR: 6 -2.79 (SiCH,), 30.03 (SiCH,), 120.03, 
122.86, 129.01, 139.27 (Ar-C), 157.45 (C=O). 
Anal. Calcd. for C,,H,,N,OSi: C, 59.42; H, 8.16; N, 12.59. Found: C, 59.61; H, 8.01; N, 12.64 
1-(Silylmethyl)-3-@-tolyl)urea (5b): colorless needles (hexane), mp 108.5-109.5". 1R: 3330, 1638, 
1253, 859 cm I ;  'H NMR: 6 0.01 (s, 9H, SiCH,), 2.24 (s, 3H, CH,), 2.66 (d, 2H, J= 5.5 Hz, SiCH,), 
5.66.7.82 (each br s, IH, NH), 6.99, 7.16 (each d, 2H, J= 8.0 Hz, Ar-H); "C NMR: 6 -2.80 (SiCH,), 

Anal. Calcd for C,,H,,N,OSi: C, 60.97; H, 8.53; N, 1 1.85. Found: C, 61.08; H, 8.64; N, 11.68 
Typical Procedure for the Cyclization of 3 with DCC and Cd.-  A solution of isourea 3b (280 mg, 
1 .O mmol) and DCC (206 mg, 1 .O mmol) in dry DMF (3 mL) was stirred with CuI (95 mg, 0.5 mmol) 
for 3 h under argon. The reaction mixturz was filtered to remove the copper catalyst, and the filtrate 
was concentrated in VLICUO. The residue was washed with benzene (10 mL) to leave DCU (208 mg, 
93%), mp 232-233", as an insoluble material. The benzene washings were washed with water (10 
mL), dried over anhydrous magnesium sulfate and then concentrated in VLICUOI. Recrystallization of 
the residue from hexane gave 236 mg (90%) of iminooxazolidine 4b. 
Reaction of Iminooxazolidine 4a with Phenol.- The iminooxazolidine 4a ( I24 mg, 0.5 mmol) was 
stirred with phenol (2.1 g, 22 mmol) at 80" for 20 h. The reaction mixture was extracted with ether (10 
i d ) ,  and the extract was washed with 5% aqueous sodium carbonate solution (20 mL x 2), dried over 
anhydrous magnesium sulfate, and then concentrated in vacuo. The residue was chromatographed on 
silica gel (NH-DM1020) with benzene to give urea 6a ( 1  25 mg, 73%). 
l-(~-Phenoxyethyl)-l-phenyl-3-(silylrnethyl)urea @a): colorless oil; IR (neat): 3321, 1665, 1247, 
859 cm I ;  'H NMR: 6 -0.08 (s, 9H, SiCH,), 2.63 (d, 2H, J= 5.3 Hz, SICH,), 3.80-4.25 (m, 5H, (CH,),, 
NH), 6.7-7.6 (m, ]OH, Ar-H); EIMS: d: 342 (M+, 13). 106 (loo), 102 ([TMSCH,NH]+, 26). 
Anal. Calcd for C,,H2,N2O2Si C, 66.62; H, 7.65; N, 8.18. Found: C, 66.73; H, 7.54; N, 7.98 

131.05, 138.31 (Ar-C), 148.41 (2-C); EMS: d~ 262 (M+, 60). 

20.70 (CH,), 29.88 (SICHJ, 120.14, 129.40. 132.09, 136.75 (Ar-C), 157.84 (CO). 
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TSUGE, HATTA, SHWOZUKA, TASHIRO, MAEDA AND KAKEHl 

Preparation of l-Aryl-3-(~-hydroxyethyl)-2-(silylmethyl)~a~dines (7). Typical Procedure.- A 
solution or carbodiimide la (224 mg, 1.2 mmol) and 2-aminoethanol (74 mg, 1.2 mmol) in dry 
benzene (6 mL) was stirred at room temperature for 2.5 h under argon. The reaction mixture was 
concentrated in vacuo and the residue was chromatographed on silica gel (NH-DM 1020) with ethyl 
acetate to give 283 mg (97%) of guanidine 7a. Similar reaction of l b  with 2-aminoethanol gave the 
corresponding guanidine 7b in 96% yield. 7a: colorless prisms (hexane), mp 79.5-80". IR: 3430,33 18, 
1624, 1585, 1263,857 cm-I; 'H NMR: 6 -0.01 (s, 9H, SiCH,), 2.44 (s, 2H, SiCH,), 3.48 (t. 2H, J = 4.5 
Hz, NCH,), 3.76 (t, 2H, J = 4.5 Hz, OCH,), 4.0-4.4 (br s, lH, OH), 4.6-6.5 (br s, 2H, NH), 6.87-7.29, 
(In. 5H, Ar-H); "C NMR: 6 -2.89 (SiCH,), 31.23 (SiCH,), 45.19 (NCH,), 65.16 (OCH,), 122.03, 

Anal. Calcd forC,,H2,N,0Si: C, 58.83; H, 8.73; N, 15.83. Found: C ,  58.87; H, 8.80; N, 15.81 
34 P-Hydroxyethyl)-2-(silylmethyl)-l-p-tolyl)guanidine (7b): colorless prisms (hexane), mp 76-77". 
IR: 3430, 3298, 1622, 1253, 862 cm-'; 'H NMR: 6 0.00 (s, 9H, SiCH,), 2.28 (s, 3H, CH,), 2.44 (s, 2H, 
SiCH,), 3.48 (t, 2H, J = 4.2 Hz, NCH,), 3.76 (t, 2H, J = 4.2 Hz, OCH,), 3.90-4.30 (br s, IH, OH), 
4.50-6.40 (br s, 2H, NH), 6.79,7.06 (each d, 2H, J = 8.0 Hz, Ar-H); ''C NMR: 6 -2.86 (SiCH,), 20.79 
(CH,), 31.28 (SiCHJ, 45.26 (NCH,), 65.26 (OCH,), 123.52, 129.88, 131.23, 145.44 (Ar-C), 155.13 
(C=N); EIMS: m/z 279 (M+, 79). 
Anal. Calcd for C,,H,sN,OSi: C, 60.17; H, 9.02; N, 15.04. Found: C, 59.89; H, 9.13; N, 15.21 
Reaction of 1:l Adduct 7 with Carbodiimide 1. Typical Procedure.- A solution of 7a (530 mg, 2.0 
mmol) and la (420 mg, 2.1 mmol) in  dry acetonitrile (3 mL) was refluxed for 2 h under nitrogen. The 
solution became turbid during this time. After the mixture was concentrated in vacua the semicrys- 
talline residue was triturated with acetonitrile (1.5 mL). Filtration gave 8a (239 mg) as colorless 
needles. The filtrate was evaporated in vacuo, and the residue was chromatographed on silica gel 
(NH-DM1020) to give 8a (89 mg), Ya (52 mg, 7%) and guanidine 10a (234 mg, 39%) with a mixture 
of hexane-ethyl acetate (5:l), and then unreacted 7a (101 mg, 19%) with ethyl acetate, respectively. 
The total yield of 8a is 328 mg (44%). 
3-Phenyl-2-(silylmethyl)-l-{3-[2-(silylmethyl)imino]oxazolydinyl}guanidine (8a): colorless 
needles (hexane). mp 141.5-142". IR: 3253, 1686, 1649, 1251,857 cm"; IH NMR: 6 0.00,0.03 (each 
s, 9H), 2.26 (d, 2H, J= 4.7 Hz), 2.85 (s, 2H), 3.96,4.19 (each t, 2H, J = 7.16 Hz), 6.70-7.35 (m, 5H), 
9.15 (br s, IH); I'C NMR: 6 34.16, 38.01, 45.62, 63.31, 120.05, 121.92, 128.34, 148.19, 149.22, 
149.81 .EIMS: d z  376 (M+, 9). 
Anal. Calcd for C,,H,IN,0Si2: C ,  57.40; H, 8.56; N, 14.88. Found C, 57.12; H, 8.60 N, 14.87 
Crystal data of 8a. A single crystal (0.12 x 0.32 x 0.88 mm) grown from 80% ethanol was used. 
C,,H,2N,0Si2, FW = 376.65, monoclinic, space group P2,h (#14), a = 6.210(7) A, b = 18.841(7) A, c 
= 19.541(4) A, p = 95.51(4)", V = 2276(3)A3, Z = 4, Dcalc = 1.099 g/cm', R=0.065, Rw=0.063. 
Mixture of 3-Phenyl-2-(silylmethyl)-1-(3-[2-(silylmethyl)imino]oxazolydinyl}guanidine (9a) and 
Its Isomer (Y'a): colorless needles (80% ethanol), mp 1 12- 1 13". IR: 3250, 3 1 SO, 1669, 1 249,855 cm '; 
'H NMR: 6 0.00 (s, 9H), 2.25 (d, IH, J = 4.2 Hz, SiCH, of 9a), 2.85 (s, IH, SiCH, of9'a), 3.97,4.20 

123.79, 129.29, 148.41 (Ar-C), 155.07 ( E N ) ;  EIMS: VI/Z 265 (M+, 94). 
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(each t, lH, J= 7.6 Hz. oxazolidine 4,5-CH,), 4.21, 4.33 (each lH,  J = 8.0 Hz, oxazolidine 4,5-CH,), 
6.79-7.32 (ni, IOH, ArH), 8.96, 9.12 (each br s, 0.5H, NH); EIMS: nd; 366 (M+, 10). 
Anal. Calcdfor C,,,H,,N,OSi: C, 65.54. H, 7.15, N, 15.29. Found: C, 65.43; H, 7.31; N, 15.54 
1,3-Diphenyl-2-(silyImethyl)guanidine (10a): pale yellow oil. IR (neat): 33 12, 1636, 125 I ,  857 cni-'; 
' H  NMR: 6 0.04 (s. 9H), 2.76 (s, 2H, SiCH,), 4.30 (brs, 2H, NH), 6.92-7.34 (ni, IOH, Ar-H); "C 
NMR: 6 -2.60 (SiCH,), 31.40 (SiCH,). 122.88, 123.68, 129.16, 129.36 (Ar-C), 149.55 (C=N); ElMS: 
rn/: 297 (Mt, 24). 
Anal. Calcd for CI,H,,N,Si: C, 68.64; H, 7.79; N, 14.13. Found: C, 68.58; H, 7.56; N, 14.33 
2-(Silylmethyl)-l-{3-[2-(silylmethyl)imino]oxazolydinyl}-3-@-tolyl)guanidine (8b): colorless 
needles (80% ethanol), nip 134-135". IR: 3245, 1684, 1249, 862 cm~' ;  'H NMR: 6 0.00, 0.02 (each s, 

9H), 2.26 (s, 3H. CH,), 2.27 (d, 2H, J= 6.3 Hz, SiCH,NH), 2.85 (s, 2H. SiCH,), 3.92 (dd, 2H, J= 7.2, 
8.0 Hz, oxazolidine 4-CH,), 4.19 (dd, 2H. J = 7.2, 8.0 Hz, oxazolidine 5-CH,), 6.65-7.0 (m, 4H, 
Ar-H), 9.04 (br s, IH, NH): EIMS: nd; 390 (M+, 3), 309 (100). 
Anal. CalcdforC,,H,,N,OSi,: C, 58.41; H, 8.77; N, 14.34. Found: C, 58.25; H, 8.81; N, 14.52 
2-(Silylmethyl)-l-{3-[2-(silylmethyl)imino]oxazolydinyl]-3-@-tolyl)guanidine (Yb): colorless 
prisms (80% EtOH), mp 155". IR: 3220. 1657, 1251,861 cm-'; 'H NMR: 6 0.01 (s, 9H), 2.25-2.34 (m. 
8H, SiCH, and 2CH,), 4.09 (dd, 2H, J = 7.6, 8.2 Hz, oxazolidine 4-CH,), 4.31 (dd, 2H, J= 7.6, 8.2 Hz, 
oxazolidine 5-CH,), 6.74-7.14 (m, 8H, Ar-H), 8.91 (br s, IH, NH); EIMS: td: 394 (M+, 4), 308 (100). 
Anal. Calcd for C,,H,,,N,OSi: _ _  C, 66.96; H, 7.66; N,  14.20. Found: C, 66.81; H, 7.75; N, 13.98 
Preparation of 2-Arylamino-5-@-chlorophenyl)-2-oxazoiines (1 1). Typical Procedure.- To a solu- 

tion of 8b (235 mg, 0.6 mmol) and y-chlorobenzaldehyde (700 mg, 5 mmol) in dry DMF (7 niL) was 
added TBAF ( I  M solution, 0.6 mL, 0.6 mmol) at room temperature. The mixture was warmed to 40'' 
and stirred for 10 h under argon. The mixture was concentrated in vacuo and the residue was extracted 
with benzene (30 mL). The organic layer was washed with water (10 mL x 3), dried over anhydrous 
magnesium sulfate, and evaporated i i i  vacuo. Chromatography (silica gel BW-200) of the residue 
gave unreacted aldehyde (396 mg, 57%) from elution of hexane-ethyl acetate (5:l), and 8b (68 mg, 
29%) and 2-(p-toluidino)-5-@-chlorophenyl)-2-oxazoline (llb) (82nig, 47.5%) from elution of ethyl 
acetate, respectively. 
llb: colorless needles (cyclohexane), mp 154-154.5". IR: 3184, 1671 cm-'; 'H NMR: 6 2.28 (s, 3H. 
CH,), 3.57 (dd, IH, J= 7.6, 11.8 Hz, 4-CH,), 4.26 (dd, IH, J= 8.9, 11.8 Hz, 4CH,), 5.50 (dd, IH, J = 

7.6, 8.9 Hz, 5-CH), 7.07 (d, 2H, J = 8.0 Hz, Ar-H), 7.21-7.37 (m, 7H, Ar-H, NH); "C NMR: 6 20.72 
(CH,), 59.86 (4-C), 79.90 (5-C), 118.94, 127.20, 128.96, 129.54, 131.98, 134.19, 138.81 (Ar-C), 
156.91 (243; EIMS: t~d ;  288 (M+, 20), 286 (Mt, 60). 148 (100). 
Anal. Calcd for C,,H,,CIN,O: C, 67.02; H, 5.27; N, 9.77. Found: C, 66.93; H, 5.32; N, 9.82 
The similar fluoride-induced reaction of 8a with p-chlorobenzaldehyde gave 2-anilino-5-(p- 
chlorophenyl)-2-oxazoline (lla) in 46% yield. 
lla: colorless needles (benzene), mp 156-157". IR: 3240, 165 I c m ' ;  'H NMR (dimethylsulfoxide-d,): 
6 3.62 (dd, IH, J = 6.7, 12.2 Hz, 4-CH,), 4.24 (dd, IH, J = 9.3, 12.2 Hz, 4-CH,), 5.58 (dd, IH, J= 6.7, 
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9.3 Hz, 5-CH), 6.88-6.94 (m, IH, Ar-H), 7.21-7.28 (ni, 2H, Ar-H), 7.40, 7.47 (each d, 2H, J= 8.4 Hz, 
Ar-H), 7.51 (d, 2H, J= 7.2 Hz, ArH), 9.13 (br s, IH, NH); "C NMR (dimethylsulfoxide-d,): 6 60.65 
(443, 77.67 (543, 117.48, 121.00, 127.40, 128.64, 132.52, 140.14, 140.64 (Ar-C), 155.59 (2-C); 
EIMS: ndz 274 (M+, 7), 272 (M+, 20), 119 (100). 
Anal. Calcd for C,,H,,CIN,O: C, 66.06; H, 4.80; N, 10.27. Found: C, 65.87; H, 4.74; N,  10.42 
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16. The reaction of 7 with DCC in place of 1 resulted in the formation of a complex mixture. 

17. The ratio of 3b, 4b and 5b was determined from the intensity of SiCH, in each compound on the 
basis of that of NH at 6 5.66 in 5b in 'H NMR. 
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