This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

OP
Py
. ']'_'l '”';' un. |REACTION OF N-[(TRIMETHYLSILYL)METHYL]CARBODIMIDES
l\\I} PRO( '-|- -m RES . WITH BIFUNCTIONAL NUCLEOPHILES
INTERMATIONAL Otohiko Tsuge?; Taizo Hatta®; Masanori Shinozuka?; Hideki Tashiro®; Hironori Maeda®; Akikazu
Com Kakehi®

@ Graduate Course of Applied Chemistry, Sojo University Ikeda, Kumamoto, JAPAN ® Department of
Chemistry and Material Engineering. Faculty of Engineering, Shinshu University, Wakasato, Nagano,
JAPAN

To cite this Article Tsuge, Otohiko , Hatta, Taizo , Shinozuka, Masanori , Tashiro, Hideki , Maeda, Hironori and Kakehi,
Akikazu(2000) 'REACTION OF N-[(TRIMETHYLSILYL)METHYL]CARBODIIMIDES WITH BIFUNCTIONAL
NUCLEOPHILES', Organic Preparations and Procedures International, 32: 5, 469 — 479

To link to this Article: DOI: 10.1080/00304940009356761
URL: http://dx.doi.org/10.1080/00304940009356761

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304940009356761
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:26 27 January 2011

Downl oaded At:

ORGANIC PREPARATIONS AND PROCEDURES INT., 32 (5), 469-480 (2000)

REACTION OF N-[(TRIMETHYLSILYL)METHYL]CARBODIIMIDES
WITH BIFUNCTIONAL NUCLEOPHILES

Otohiko Tsuge.*" Taizo Hatta’, Masanori Shinozuka’, Hideki Tashiro’
Hironori Maeda’, and Akikazu Kakehi'

‘Graduate Course of Applied Chemistry, Sojo University
Tkeda, Kumamoto 860-0082, JAPAN
Y Department of Chemistry and Material Engineering, Faculty of Engineering
Shinshu University, Wakasato, Nagano 380-8553, JAPAN

We previously reported the first synthesis of thermally stable (trimethylsilyh)methy! azide'
and developed a convenient one-pot route for (trimethylsilyl)methyl-substituted isocyanate, isothio-
cyanate, carbodiimides, and ketenimine using the iminophosphorane generated from the azide.” These
heterocumulenes bearing a (trimethylsilyl)methyl (hereinafter abbreviated as silylmethyl) group adja-
cent to the cumulene motety are useful reagents in heterocyclic synthesis. The generation and
cycloaddition of synthetic equivalents of nonstabilized nitrile ylides starting from silylmethyl isothio-

cyanate™ 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 silylmethylcarbodiimides react with aldehydes to give regioisomeric imino-1,3-oxazo-
lidines.” Carbodiimides are altractive starting materials since a large number of heterocyclic
compounds are formed by cycloaddition or by reaction with bifunctional compounds.® Our continued
interest in silylmethyl-substituted heterocumulenes was thus directed to the preparation of silylmethyl-
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 1,2-ethanediol or 2-aminoethanol and the cyclization of the resulting
adducts.

The reaction of carbodiimides 1 with 12-ethanediol (2) was investigated first. Although
single iminooxazolidine derivatives are formed by the copper(I) or copper(ll) chloride-catalyzed reac-
tion of diol 2 with symmetrically disubstituted carbodiimides such as [,3-diisopropyl- and 1,3-dicy-
clohexylcarbodiimide (DCC),™"" to the best of our knowledge little has been investigated on the reac-
tion of diol 2 with unsymmetrically substituted carbodiimides.

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(l) iodide (Cul)

© 2000 by Organic Preparations and Procedures Inc.
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to give the corresponding isourea in a quantitative yield."> The reaction of 1-phenyl-3-silylmethyl-
(la), and 1-(p-tolyl)-3-silylmethylcarbodiimide (Ib) with diol 2 in the presence of Cul 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 1-aryl-3-(silylmethyl)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 1,2-Ethanediol (2)?

Entry 1 Molar Latﬂ ~ Solvent®  Temp./”C  Time/h Products (Yield/%)

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

2 la 1/10/0.5 AN 20 25 3a(92)

3 la 1/5/0.5 B 40 6 3a (60),4a (17), 5a (17)
4 la 1/1/0.5 B 40 4 3a (50), 4a (17), 5a (17)"
5 la 1/1/0.5 B reflux 1 3a(19), 4a (32), 5a (38)¢
6 la 1/0.5/0.5 B reflux 2 4a (78), 5a (74)°

7 Ia 1/0.5/0.5 DMF 20 2 4a (77), 5a (80)"

8 la 1/0.5/0.5 AN 20 25 4a (92), 5a (90)°

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

10 Ib 1/1/0.5 B 40 2 3b (62), 4b (13),5b (1 5y

a) All the reactions were carried out in the presenée of éuI in dry solvent under argon. b) Molar ratio
of 1/2/Cul. 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-(B-hydroxyethyl)-1-(silylmethyl)isourea (3) and 1-
aryl-2-(B-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-(silylmethyl)imino- (4) or 2-arylimino-3-(silylmethyl)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 it 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-1-(B-phenoxyethyl)-3-(silylmethyl)- (6) or 3-aryl-1-(B-phenoxyethyl)-1-(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 1o afford 1-(B-phenoxyethyl)-1-phenyl-3-(silylmethyl)urea (6a), but not
1-(B-phenoxyethyl)-3-phenyl- 1 -(silylmethyljurea (6'a) (Scheme I). Thus, it can be concluded that the

iminooxazolidine is silylmethyliminooxazolidine 4.
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Me;SiCH,N=C=N-Ar

1 B
C'ul N—Ar N
+ - Me;SIiCH,NH— + MesSICHoN=_ j + Me3SiCH,NHCONHAr
O(CH,);0H o
HO(CHg),0H
3 a 5
2
CH_SiMe,
NHAr N Ph CH,SiMe,
Me;SiCHN=( A= j Me;SiCH,NHCON PhNHCONi
O(CH,),0H ) (CH;).0Ph (CH2),0Ph
3 4 6a 6'a
a)Ar=Ph : b)Ar=p-tolyl
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 4' 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 Cul®*

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

a) All the reacti(rJir;s (molar ratio of 3/DCC/CuI=l/ 1/0.5) were carried out at 20° under argon. b) DCU:
1,3-dicyclohexylurea.

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-(B-hydrox-
yethyl)-2-(silylmethyl)guanidine (7) in excellent yield. The other two isomers, 1-aryl-2-(B-hydrox-
yethyl)-3-(silylmethy!)- (7'), and 2-aryl-1-(B-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(CH,),0H Me3SiCHN=( Me3SiCH;NH— Me;SiCH,;NH—
NH(CH_),0H N(CH_),OH NH(CH;);0H
7 7 7"

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

Scheme 2
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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 reaction of 7a with 1a in refluxing acetonitrile for 2 h afforded three products 8a, 9a. and
1,3-diphenyl-2-(silyimethyl)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-
diny11}-3-phenylguanidine on the basis of spectral data and X-ray crystallographic analysis. The
ORTEP drawing of 8a is shown in Figure 1.7

Fig. 1 ORTEP Drawing of 8a

On the other hand, the minor guanidine product which corresponded to the 1:1 adduct B (Ar
= Ph) of 7a to la by loss of (silylmethyl)amine, and was deduced to be a tautomeric mixture of
2-(stlylmethyl)-1-aryl-3-{3-[2-(arylimino)oxazolydinyl]}- (9a) and 3-(silylmethyl)-
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 (Scheme 3).'0

We had previously reported that 2-azaallyl anion generated from the desilylation of N-(silyl-
methylthioimidates reacted with aromatic aldehydes 1o give 2,5-disubstituted 2-oxazolines* 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
p-chlorobenzaldehyde gave the corresponding 2-arylamino-5-p-chlorophenyl-2-oxazoline (11) in 57%
yield (Scheme 4).
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NHAr - ArNH- NHAr
1+ 7 Me;SICHN=(  NCH,SiMe, Me3SiCHN=(
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e Cr
HO s g °
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N
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N___NA
0 oa
o
9'
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Scheme 3
F - NHAr ArCHO
8 _— HC—N=( :
r
o]
N.__NHAr
H,C ™ Y
/ ) N _ NHA
ArcH / N\(v iﬁy r
0" &/0 Ar’ o
11
Ar' = p-CICHy
a)Ar=Ph  b)Ar=p-olyl
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 Si. "C NMR resonance assignments were aided
by the use of the DEPT 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 m-nitrobenzyl alcohol as a matrix, respectively. Column chro-
matography was carried out on silica gel BW-200 or NH-DM 1020 (Fuji Silysia Chem. Ltd.).
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1-Aryl-3-(silylmethyl)carbodiimides (1).- 1-(Silylmethyl)-3-phenylcarbodiimide (la) was prepared
according to the previously reported method.? 1-(Silylmethyl)-3-(p-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-toly! isothiocyanate (1.49 g, 10 mmol) for | h. The solvent was evaporated in vacuo, and the
residue was extracted with hexane (50 mL). The extract was concentrated in vacuo, and bulb-to-bulb
distillation of the residue gave 1.91 g (87%) of carbodiimide 1b. Both the carbodiimides la and b are
quite stable for several months upon storage in a refrigerator.

Ib: colorless oil, bp 88-91%1.0 mmHg. IR (neat): 2142, 1251, 855 cm’'; '"H NMR: & 0.14 (s, 9H,
SiCH,), 2.30 (s, 3H, CH,), 2.86 (s, 2H, SiCH,), 6.92-7.13 (m, 4H, Ar-H); C NMR: 8 -2.93 (SiCH,),
20.86 (CH,), 36.65 (SiCH,), 123.09, 129.86, 133.78, 134.93 (Ar-C), 138.56 (N=C=N); EIMS: m/;
218 (MY, 57).

Anal. Caled for C, H )N Si: C, 66.00; H, 8.31; N, 12.83. Found: C, 65.98; H, 8.32; N, 12.93

Reaction of Carbodiimides (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, 1.0 mmol) and 2
(620 mg, 10 mmol) in dry benzene (3 mL) was stirred with Cul (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 vacuo to leave 231 mg (87%) of isourea 3a.
2-(B-Hydroxyethyl)-3-phenyl-1-(sitylmethyl)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, B-hydroxy-CH,), 4.30-4.55 (m, 2H, OCH,), 5.70 (br s, 1H, NH), 6.65-7.40 (m, 6H, Ar-H and
OH); EIMS: m/z 248 (M* - H,0, 1); FABMS: m/z 267 (M* + 1, 26), 249 (100).

2-(B-Hydroxyethyl)- 1-(silylmethyl)-3-(p-tolylisourea (3b).- colorless oil; IR (neat): 3424, 3318,
1649, 1253, 859 cm'; 'H NMR: § 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,0OH), 4.30-4.55 (m, 2H, OCH,), 5.75 (br 5, 1H, NH), 6.70-7.30 (m, 4H,
Ar-H), EIMS: m/z 262 (M* - H,0, 1); FABMS: m/z 281 (M* + 1, 22), 263 (100).

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, 1.0 mmol) with Ib (218 mg, 1.0 mmol) in the
presence Cul (95 mg, 0.5 mmol) in dry benzene (14 mL) gave 244 mg of a mixture of 3b, 4b and 5b
(5:1:1 by '"H NMR estimation”) [entry 10 in Table 1]. Because of lability of 3b, chromatographic
separation of this mixture was unsuccessful.

Direct Preparation of 3-Aryl-2-(silylmethyl)iminooxazolidines (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 Cul
(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 (2:1) and benzene-ethyl
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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: 8 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); “C NMR: § -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: m/z 248 (M?*, 91), 247 (100).
Anal. Calcd for C,H,,N,0Si: C, 62.86; H, 8.12; N, 11.28. Found: C, 62.86; H, 8.17; N, 11.27
2-(Silylmethyl)imino-3-(p-tolyl)oxazolidine (4b): colorless needles, mp 123-123.5°. IR: 1692, 1245,
862 cm™; 'H NMR: § 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-CH,), 431 (dd, 2H, J= 6.3, 7.6 Hz, 5-CH,), 7.12, 7.52 (each d, 2H, J= 8.4 Hz, Ar-H);
13C NMR: § -2.43 (SiCH,), 20.65 (CH,), 38.13 (4-C), 46.49 (5-C), 62.89 (SiCH,), 117.82, 129.16,
131.05, 138.31 (Ar-C), 148.41 (2-C); EIMS: m/z 262 (M*, 60).

Anal. Caled for C H,,N,OSi: 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: 3310, 1644, 1247,
859 cm™ 'H NMR: 8 0.03 (s, 9H, SiCH,), 2.68 (d, 2H, J= 5.3 Hz, SiCH,), 5.43 (br s, 1H, NH),
6.80-7.40 (m, 5H, Ar-H), 7.61 (br s, 1H, NH); "*C NMR: 8 -2.79 (SiCH,), 30.03 (SiCH,), 120.03,
122.86, 129.01, 139.27 (Ar-C), 157.45 (C=0).

Anal. Calcd. for C“ngNzOSi: C,59.42; H, 8.16; N, 12.59. Found: C, 59.61; H, 8.01; N, 12.64
1-(Silylmethyl)-3-(p-tolyl)urea (5b): colorless needles (hexane), mp 108.5-109.5°. IR: 3330, 1638,
1253, 859 cm'; '"H NMR: 8 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, 1H, NH), 6.99, 7.16 (each d, 2H, J= 8.0 Hz, Ar-H); "'C NMR: § -2.80 (SiCH,),
20.70 (CH,), 29.88 (SiCH,), 120.14, 129.40, 132.09, 136.75 (Ar-C), 157.84 (CO).

Anal. Calcd for C ,H,N,0Si: C, 60.97, H, 8.53; N, 11.85. Found: C, 61.08; H, 8.64; N, 11.68
Typical Procedure for the Cyclization of 3 with DCC and Cul.- A solution of isourea 3b (280 mg,
1.0 mmol) and DCC (206 mg, 1.0 mmol) in dry DMF (3 mL) was stirred with Cul (95 mg, 0.5 mmol)
for 3 h under argon. The reaction mixture was filtered to remove the copper catalyst, and the filtrate
was concentrated in vacuo. 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 vacuo. Recrystallization of
the residue from hexane gave 236 mg (90%) of iminooxazolidine 4b.

Reaction of Iminooxazolidine 4a with Phenol.- The iminooxazolidine 4a (124 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
mL), and the extract was washed with 5% aqueous sodium carbonate sotution (20 mL x 2), dried over
anhydrous magnesium sulfate, and then concentrated in vacuo. The residue was chromatographed on
silica gel (NH-DM 1020) with benzene to give urea 6a (125 mg, 73%).
1-(B-Phenoxyethyl)-1-phenyl-3-(silylmethyl)urea (6a): colorless oil; IR (neat): 3321, 1665, 1247,
859 cm™'; 'H NMR: & -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, 10H, Ar-H); EIMS: m/z 342 (M*, 13), 106 (100), 102 ((TMSCH,NH]", 26).

Anal. Calcd for C ;H, N,0,Si C, 66.62; H, 7.65; N, 8.18. Found: C, 66.73; H, 7.54; N, 7.98
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Preparation of 1-Aryl-3-(B-hydroxyethyl)-2-(silylmethyDguanidines (7). Typical Procedure.- A
solution of 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-DM1020) with ethyl
acetate to give 283 mg (97%) of guanidine 7a. Similar reaction of 1b with 2-aminoethanol gave the
corresponding guanidine 7b in 96% yield. 7a: colorless prisms (hexane), mp 79.5-80°. IR: 3430, 3318,
1624, 1585, 1263, 857 cm’'; 'H NMR: §-0.01 (s, 9H, SiCH,), 2.44 (s, 2H, SiCH,), 3.48 (, 2H, ] = 4.5
Hz, NCH,), 3.76 (t, 2H, ] = 4.5 Hz, OCH,), 4.0-4.4 (br s, 1H, OH), 4.6-6.5 (br s, 2H, NH), 6.87-7.29,
(m, 5H, Ar-H); C NMR: § -2.89 (SiCH,), 31.23 (SiCH,), 45.19 (NCH,), 65.16 (OCH,), 122.03,
123.79, 129.29, 148.41 (Ar-C), 155.07 (C=N); EIMS: m/z 265 (M*, 94).

Anal. Calcd for C,,H,,N,OSi: C, 58.83; H, 8.73; N, 15.83. Found: C, 58.87; H, 8.80; N, 15.81
3-(B-Hydroxyethyl)-2-(silylmethyl)-1-p-tolyhguanidine (7b): colorless prisms (hexane), mp 76-77°.
IR: 3430, 3298, 1622, 1253, 862 cm!; 'TH NMR: 8 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 (1, 2H, J = 42 Hz, OCH,), 3.90-4.30 (br s, 1H, OH),
4.50-6.40 (br s, 2H, NH), 6.79, 7.06 (each d, 2H, J = 8.0 Hz, Ar-H); '*C NMR: 8 -2.86 (SiCH,), 20.79
(CH,), 31.28 (SiCH,), 45.26 (NCH,), 65.26 (OCH,), 123.52, 129.88, 131.23, 145.44 (Ar-C), 155.13
(C=Ny; EIMS: m/z 279 (M*, 79).

Anal. Caled for C H,.N,0Si: C, 60.17; H, 9.02; N, 15.04. Found: C, 59.89; H, 9.13; N, 15.21
Reaction of 1:1 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 vacuo, 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), 9a (52 mg, 7%) and guanidine 10a (234 mg, 39%) with a mixture
of hexane-ethyl acetate (5:1), and then unreacted 7a (101 mg, 19%) with ethyl acetate, respectively.
The total yield of 8a is 328 mg (44%).
3-Phenyl-2-(silylmethyl)-1-{3-[2-(silylmethyl)imino]oxazolydinyl}guanidine (8a): colorless
needles (hexane), mp 141.5-142°. IR: 3253, 1686, 1649, 1251, 857 cm’'; '"H NMR: 8 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, 1H); *C NMR: 8 34.16, 38.01, 45.62, 63.31, 120.05, 121.92, 128.34, 148.19, 149.22,
149.81L.EIMS: m/z 376 (M*, 9).

Anal. Caled for C,;H,,N,0Si,: 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,,N,OSi, FW = 376.65, monoclinic, space group P2 /n (#14),a = 6.210(7) A, b=18.841(7) Ac
=19.541(4) A, B =95.51(4)°, V = 2276(3)A%, 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 (9'a): colorless needles (80% ethanol), mp 112-113° IR: 3250, 3150, 1669, 1249, 855 cm'!;
'H NMR: 8 0.00 (s, 9H), 2.25 (d, 1H, ] = 4.2 Hz, SiCH, of 9a), 2.85 (s, 1H, SiCH, of 9'a), 3.97, 4.20
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(each t, 1H, J=7.6 Hz, oxazolidine 4,5-CH,), 4.21, 4.33 (each 1H, J = 8.0 Hz, oxazolidine 4,5-CH,),
6.79-7.32 (m, 10H, ArH), 8.96, 9.12 (each br s, 0.5H, NH}; EIMS: m/z 366 (M*, 10).

Anal. Calcd for 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-(silylmethyl)guanidine (10a): pale yellow oil. IR (neat): 3312, 1636, 1251, 857 cm';
'H NMR: § 0.04 (s, 9H), 2.76 (s, 2H, SiCH,), 4.30 (brs, 2H, NH), 6.92-7.34 (m, 10H, Ar-H); "'C
NMR: 8 -2.60 (SiCH,), 31.40 (SiCH,), 122.88, 123.68, 129.16, 129.36 (Ar-C), 149.55 (C=N); EIMS:
m/7 297 (M, 24).

Anal. Caled for C H,,N,Si: C, 68.64: H, 7.79; N, 14.13. Found: C, 68.58; H, 7.56; N, 14.33
2-(Silylmethyl)-1-{3-[2-(silylmethyl)imino]oxazolydinyl}-3-(p-tolyl)guanidine (8b): colorless
needles (80% ethanol), mp 134-135° IR: 3245, 1684, 1249, 862 cm’'; 'H NMR: 8 0.00, 0.02 (each s,
SH), 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, [H, NH); EIMS: m/z 390 (M", 3), 309 (100).

Anal. Caled for C (H, N OSi,: C, 58.41; H, 8.77; N, 14.34. Found: C, 58.25; H, 8.81; N, 14.52
2-(Silylmethyl)-1-{3-[2-(silylmethyl)imino]oxazolydinyl}-3-(p-tolyl)guanidine (9b): colorless
prisms (80% EtOH), mp 155°. IR: 3220, 1657, 1251, 861 cm'!; '"H NMR: § 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: m/z 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-(p-chlorophenyl)-2-oxazolines (11). Typical Procedure.- To a solu-
tion of 8b (235 mg, 0.6 mmol) and p-chlorobenzaldehyde (700 mg, 5 mmol) in dry DMF (7 mL) was
added TBAF (1 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 in vacuo. Chromatography (silica gel BW-200) of the residue
gave unreacted aldehyde (396 mg, 57%) from elution of hexane-ethyl acetate (5:1), and 8b (68 mg,
29%) and 2-(p-toluidino)-5-(p-chlorophenyl)-2-oxazoline (11b) (82mg, 47.5%) from elution of ethyl
acetate, respectively.

11b: colorless needles (cyclohexane), mp 154-154.5° 1R: 3184, 1671 cm’'; "H NMR: & 2.28 (s, 3H,
CH,), 3.57 (dd, IH, J=7.6, 11.8 Hz, 4-CH,), 4.26 (dd, 1H, J= 8.9, 11.8 Hz, 4CH,), 5.50 (dd, IH, ] =
7.6, 8.9 Hz, 5-CH), 7.07 (d, 2H, J = 8.0 Hz, Ar-H), 7.21-7.37 (m, 7TH, Ar-H, NH); *C NMR: § 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 (2-C); EIMS: m/z 288 (M*, 20), 286 (M*, 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 (11a) in 46% yield.

11a: colorless needles (benzene), mp 156-157°. IR: 3240, 1651 cm'; 'H NMR (dimethylsulfoxide-d, ):
83.62(dd, I1H,J=6.7,12.2 Hz, 4-CH,), 4.24 (dd, 1H, ] =9.3, 12.2 Hz, 4-CH,), 5.58 (dd, IH, }=6.7,
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9.3 Hz, 5-CH), 6.88-6.94 (m, 1H, Ar-H), 7.21-7.28 (m, 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, 1H, NH); *C NMR (dimethylsulfoxide-d,):  60.65
4-C), 77.67 (5-C), 117.48, 121.00, 127.40, 128.64, 132.52, 140.14, 140.64 (Ar-C), 155.59 (2-C),
EIMS: m/z 274 (M*, 7), 272 (M*, 20), 119 (100).

Anal. Caled for C, JH,CIN,0: C, 66.06; H, 4.80; N, 10.27. Found: C, 65.87; H, 4.74; N, 1042

—

[
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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 § 5.66 in Sb in 'H NMR.
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