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Summary

Imidazolones, dihydrooxadiazinones and tetrahydrotriazinones were syn-
thesized by PdCl, catalyzed reaction of isonitriles with a-amino acid esters, with
a-hydroxy acid hydrazides and with a-amino acid hydrazides, respectively.
Diaminocarbene—palladium(II) complexes, which are involved as key intermedi-
ates in these heterocycle syntheses, were isolated and characterized. Diamino-
carbene—palladium(1I) complexes, which are prepared from PdCl,(t-C;HsNC),
and g-aminoalcohols, such as methyl threonate and o-aminophenol, were reacted
with Ag,0 to afford (N-t-butylimino)oxazolidines.

There has been much interest in carbene-coordinated metal complexes from
synthetic and mechanistic viewpoints [1]. Some years ago we found Group 1B
metal catalyzed-insertion reactions of isonitriles with amines, alcohols, thiols and
phosphines, producing the correspondmg formimidic acid derivatives (eq. 1) [2].

RNC + R'QH -~ RN=CHQR’ ' o @

it has been now established [3] that a reaction mechanism involving aminocar-
bene metal complexes (I) as key intermediates is opemtxve in the isonitrile inser-
uon reactxon.
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ammothlols. In the heterocycle synthesxs, PdClz was found to be a much more s
effective catalyst than Group IB metal compounds [51.Of mterest was that an
intermediate diaminocarbene—palladium(iI) complex in ‘the heterocycle sSyn=o
thesis was isolable [6]. This synthesis of heterocycles usmg PdCl; as catalyst 1s :
versatile and applicable to the preparation of some other heterocyles. The pres-
ent paper reports the synthesis of imidazolones, iminooxazolidines, dlhydrooxa-
diazinones and tetrahydrotriazinones by PdCl,-catalyzed reactions of isonitriles
with a-amino zcid esters, with f-aminoalcohols, with. a-hydroxy acid hydrazxdes :
and with c-amino acid hydrazides, respectively. Isolation and characterization -
of the corresponding diaminocarbene—palladium(II) complexes which are in-
volved as key intermediates in the heterocycle syntheses also are described.

Imidazolone synthoms

An a-amino acid ester was allowed to react with an isonitrile in the presence
of a catalytic amount of PdCl, to produce a 5-imidazolone (II) along with a
small amount of a carbodiimide (1II) (eq. 2).
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Imidazolones also were prepared by PdCl,-catalyzed reaction of a-amino acid
amides with isonitriles, but in low yield. Some results are summarized in Table 1.’
As to the reaction mechamsm, it is interesting to note that diaminocarbene—
palladium(II) complexes (IV)+ ‘were formed in the reactlon of - ammo acxd estets
with PdCIz(t-C4H9NC)2 (eq- 3) . LI
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- 'I‘ABLEI R cl A : .
 PREPARATION OF IMIDAZOLONE BY THE REAC’I‘ION Ol’-‘ ISONITRILE wrm-l a»AMINO Ac
-ESTER OR AMIDE - C . , : : -

" a-Amino acid ester - ’Prod{xét ) -

~.or amide - - - o -

. Imidazolone . ’ - Carbodiimide,
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an intermediate in the imidazolone synthesis. The by-product carbodiimide (III)
is regarded as the dehydrogenated product of dxammocarbene—paﬂadmm(ll)
complex (IV). Recently, we reported that carbodiimide (III) i is produced in hlgh
yield and high selectl\nty by the oxidation of IV with Ag,O [7].

Iminooxazolidine synthesis

As mentioned above, N,N'-disubstituted diaminocarbene—palladium(II) com-
plexes react with Ag.O at room temperature to give carbodiimides in high yields.
Now we have found that treatment of diaminocarbene—palladium(1l) complexes
(V) [8], which are prepared from PdC1,(t-C;H;NC), and f-aminoalcohols such
as methyl threonate and o-aminophenol, with Ag.O afforded (V-t-butylimino)-
oxazolidine derivatives (V1) in moderate yields with a minor by-product of dia-
midide (eq. 5) (Table 2). The reaction may involve a carbodiimide mtermedxate
whose intramolecular cyclization leads to the formation of V1.

c: CTH-1-C 1, '
~ hathd 475 AgLT r
\,;".: - . ;_t—C(—igN:C..—.N\j\Cﬁj ( \“_‘b‘" -Cs "9
c iRt Caingh N 0
(5)
(Z; i

(N-t-Butylamino)benzoxazole (VIb) was prepa.red more conveniently by a
catalytic reaction in which a heterogeneous mixture of o-aminophenol, t-butyl
isocyanide, Ag.O and a catalytic amount of PdCl; was heated in refluxing ben-
zene. Two by-products, VII and VIII were formed as. well (eq. 6).

TABLE 2
PREPARATION OF (N-t-BUTYLIMINO)OXAZOLIDINE

HINVOH in V Reaction conditions Product (%)
. (Oc_ h), . .
CH3CH-CHCO,CH, 80.4 : _ \ S 70)
. - - . . . =N~ - C‘ g -
ou NHa S : : : : / C
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VIb(R = H):68% YIb (R = H): 297 YMUAR = H): 2%

YIc (R = CHa) :77% YMic (R = CHy:21% Yillc (R = CHa): 2%

Synthesis of dihydrooxadiazinone and tetrahydrotriazinone

PdCl,-catalyzed reaction of a-hydroxy acid hydrazides and a-amino acid
hydrazides with alkyl isocyanides resulted in the formation of new heterocycles,
2-unsubstituted dihydrooxadiazinones and 3-unsubstituted tetrahydrotriazi-
nones, which are otherwise unavailable (eq. 7). When lactic acid hydrazide was
heated with t-butyl isocyanide in THF with a catalytic amount of PdCl, at 66°C
for 5 h, 6-methyl-5,6-dihydro-4H-1,3,4-oxadiazin-5-one (I1Xa) was produced in
20% yield, together with t-butylcyanamide (X) (6%). Similarly, the reaction
(66°C, 8 h) of alanine hydrazide and leucine hydrazide with t-butyl isocyanide
afforded 5-methyl-tetrahydro—1 2,4-triazin-6-one (IXb) and 5-1 butyl-tetrahydro-
1,2,4-triazin-6-one (IXc), respectxvely, in 70% yield.
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As expected, treatment of the carbene—palladium (II) complex XI with tri-
phenylphosphine at 80° C for 4 h produced dihydrooxadiazinone (IXa) (14%)
together with t-butylcyanamide (X) (7%) (eq. 9).

HaC o
- 80° 4n : i
X+ eehy —oCr D o S N L tGHaNHCN @
in CgHg \ /
=N (X)
(IXe}

Concerning the formation of t-butylcyanamide, it may be noted that the reac-
tion of a hydrazine or a hydrazone with t-butyl isocyanide in the presence of
PACl; catalyst also gave t-butylcyanamide. Thus, on heating a mixture of phenyl-
hydrazine and t-buty! isocyanide with a catalytic amount of PdCl. at 80°C for

2 h, t-butylcynamide was produced in 95% yield (eq. 10).

PhNHNH, + t-C;H,NC 22 + C . H,NHCN (10)

Similar treatment of dimethylhydrazine and benzaldehyde hydrazone with t-bu-
tyl isocyanide in the presence of PdCl, catalyst afforded t-butylcyanamide in
yields of 34% (80°C, 5 h) and 13% (80°C, 6 h), respectively. It is noteworthy
that diaminocarbene—palladium(II) complexes XIIa and XIIb were formed by
the reaction of phenylhydrazine and benzaldehyde hydrazone with PdCl.- -
(t-C:HyNC); (eq. 11).

x c CN-t-CgHg

~
NNHz 4 PACI(t-CHNCl ——=— P X an
Y ci ICINH--CHg INHNT ) :
(xm :

0:X=Ph,Y=H 89

BIX,Y=PhCH 55% = -
The structure of complex XII was convmcmgly confi rmed by elemental analysxs,’
IR (XIIa: 2219, 1565, 317, 289 em™!), NMR and molecular weight determina- " -
tion. The complexes XIIa and XIIb were prepared. mdependently by.the reaction
of the [(t- butylammo)(ethoxy)carbene] palladium(IT) complex-XIIT' w1th phenyl—}-
hydtazme and thh benzaldehyde hydrazone, respectively (eq: 12):
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Treatment of complexes XIIa and XIIb with triphenylphosphine at 80°C gave
t-butylcyanamide in 73% and 10% yields, respectively. The findings are closely
related to Fischer’s observation [9] that methylmethoxycarbenechromium pen-
tacarbonyl reacted with hydrazine to yield the acetonitrile—pentacarbonyl chro-
mium{0) complex XVI. The formation of XVI was explained by a mechanism in-
volving a hydrazinomethylcarbene complex intermediate (XV), whxch was not
isolable (eq. 13). :

Ome
(CO)E,C" : C\ + HzNNR2
Me
(XI¥)
(13)
!’ NHNR; 'E
- MeQH H
f(coxcer : c\ {COISCrIN=CMe) +  RoNH
L Me
(X¥V1)
- {X¥)
Experimental

General procedure for imidazolone synthesis

A mixture of a-amino acid ethyl ester (5 mmol) and t-butyl! isocyanide (6
mmol) in benzene (2 ml) was heated at reflux with a catalytic amount of PdCl,
(0.25 mmol) for 7 h with stirring under nitrogen. Distillation of the mixture
gave 1-t-butyl-4-alkyl-5-imidazolone (I1) and a smail amount of carbodiimide .
(III). Analytically pure samples of II and III were obtained by preparative GLC.’
The imidazolones II were identified by comparison of their spectra with those -
of the respective authentic samples, which were prepared by the reported proce-
dures [10, 11] Carbodiimides III were identified by elementa.l analysxs, IR and
NMR {7} .

Iila: Anal. Found: C, 60.41; H, 9.14; N, 14 33. C;6H;sN,0; caled.: C, 60.58;
H, 9.15; N, 14.13%. IR (neat) 2110, 1740 cm™'; NMR (CDCl, with TMS) 51.27
(t, J = 7.2 Hz, 3H), 1.29 (s, 9H), 1.32 (d, J = 7.2 Hz, 3H), 3.96 (q, /= 7.2 Hz,
2H), 4.18 (q, J = 7.2 Hz, 2H). m/e 198 (M*).

. IIb: IR (neat) 2120, 1740 cm™; NMR (CDCl; with TMS) §1.16 (t,.d = 6 6
Hz, 3H), 1.19 (s, 9H), 3.01 (m, 2H), 4. 08 (t,J=17. 2 Hz, 1H), 4-13 (q, J= 6 6
Hz, 2H), 7.20 (s, 5H). m/e 274 (M "). |

. HIcr IR (neat) 2120,1743 cm™; NMR (CDCI3 w1th TMS) 5 0. 92 (d J 6 0
Hz, 3H), 0 95 (d, J = 6.0 Hz, 3H), 1.26 (t, J = 7.2 Hz,.3H),. 1.30 (s, 9H), 1: 4—2.4
(m, lH), 3. 67 (d,J =.6.0 Hz, 1H), 4.20 (q, . J= 7.2 Hz, 2H). m/e 226 (M* ).

- IIa: IR (neat 2120 1745.cm}; NMR (CDCI3 mth TMS) 6.0.85 (d, J = 5.4
Hz 3H),087(d J aéHz 3H),1 20 (t, J=6. 6Hz 3H), 1. 23 (s 9H),, 3—1.
“(m;:3H);3.73 (m, 1F 03 (q,J 6 6Hz 2H) m/e 240 (M ) '
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General procedure for preparatzon of diaminocarbene—palladium(II) complex
(Iv)

A mixture of PdCl; (5 mmol) and t-butyl isocyanide (10 mmol) in CHC}; (20
ml) was stirred at room temperature under nitrogen until a clear solution was
obtained. Then, the a-amino acid ethyl ester (5 mmol) was added in small por-
tions to the solution and the mixture was stirred at room temperature for 90 h.
The reaction mixture, after being treated with Norit, was concentrated and tri-

“turated with ether to precipitate the diaminocarbene—palladium(1I) complex
(IV). The latter was identified by elemental analysis, IR, NMR and molecular
weight determination (vapor pressure osmometer in DMF).

IVa: Anal. Found: C, 38.88; H, 6.62; N, 9.15; Cl, 15.23. C,sH.;N3;0,Cl,Pd
caled.: C, 39.11; H, 6.34; N, 9.12; Cl, 15.39%. IR (KBr) 3440, 3240, 3075,
2221, 1748, 1575, 320, 283 cm™!; NMR (CDCl; with TMS) § 1.30 (t,J = 7.2
Hz, 3H), 1.4—1.5 (m, 3H), 1.5—1.7 (m, 18H), 4.20 (broad q, 2H), 5.6 (broad
m, 1H).

IVb: Anal. Found: C, 46.39; H, 6.08; N, 7.72; Cl, 13.76. C;;H33N,0.Cl,Pd
caled.: C, 46.98; H, 6.20; N, 7.83; Cl, 13.21%. IR (KBr) 3400, 3230, 3070,
2218, 1745, 1575 cm™!- NMR (CDCl; with TMS) 6 1.18 (t, J = 7.2 Hz, 3H),
1.3—1.5 (m, 18H), 1.7 (m, 2H), 3.5 (m, 1H), 4.22 (q, J = 7.2 Hz, 2H), 7.20 (s,
5H).

IVe: Anal. Found: C, 41.59; H, 6.69; N, 8.52; Cl, 14.34. C,,H33N;0,Cl,Pd
caled.: C, 41.77; H, 6.80; N, 8.60; Cl, 14.51%. IR (KBr) 3450, 3240, 3075,
2220, 1743, 1565, 322, 276 cm™'; NMR (CD,0D) § 1.13 (m, 6H), 1.42 (m, 3H),
1.5—1.8 (m, 18H}), 1.8—2.6 (m, 1H), 4.30 (broad q, 2H), 5.43 (m, 1H). Mol.
wt.: Found 468; calcd. 489 (monomeric).

IVd: Anal. Found: C, 42.99; H, 7.32; N, 8.40; Cl, 14.39. C,;H;3sN;0,Cl,Pd
caled.: C, 43.00; H, 7.02; N, 8.36; Cl, 14.10%. IR (KBr) 3430, 3245, 3075,
2220, 1748, 1575 em™'; NMR (CDCl, with TMS) § 1.0 (m, 6H), 1.32 (broad t,
3H), 1.4—1.8 {m, 18H), 1.6—2.6 (m, 3H) 4.24 (broad q, 2H), 5.5 (m, 1H).

Treatment of IVa with triphenylphosphine

A mixture of IVa (0.1 mmol) and P(CsHs), (0.2 mmol) in benzene (0.5 ml)
was heated at reflux for 30 min under nitrogen. The reaction mixture was -
filtered and the solvent was distilled in vacuo to produce the corresponding imi-
dazolone (1la) (18%) and carbodiimide (IIIa) (27%). Yxelds were determined by
GLC.

Preparation of iminooxazolidine by the reaction of dtammocarbene—palladzum-
(II) complex (V) with Ag.O

A heterogeneous mixture of diaminocarbene—palladium(1I) complex ) (O 2
mmol), prepared by the reported method [8], and Ag.O (0.3 mmol) in benzene
(2 ml) was stirred at 80°C for 2—4 h under nitrogen. The reaction mixture was -
filtered to remove insoluble inorganic material and the solvent was distilled in-.
vacuo. For example, VIb (84%) and dxanudxde (VIIb) (14%) were prepared by
the reaction of Vb with Ag,O for 4 h at 80°C. Yields were determmed by GLC.‘ _

Vla: Anal. Found: C, 56.19; H, 8.24;'N, 12.81. C,sH,sN,O; caled.: :C, 56. 05;
H, 8.47; N, 13.08%. IR (neat) 3360 1735, 1655 ¢m™!; NMR (CDCl;. mth"TMS)"
5 1.31 (s, 9H), 1.38 (d, J =6.0 Hz; 3H), 3. 71"(' 3H), 4.13 (d:J -6.0:Hz; 1H),
4.3 (broad s, 1H), 4 60 (q,J 6 0 Hz 1H).:
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Vib: Anal. Found: C, 69.68; H, 7.51; N, 14.95. C,;H,;N,0 calcd.: C, 69.44;
H, 7.42; N, 14.73%. IR (neat) 1640, 1580 cm™!; NMR (CDCl; with TMS) 8§ 1.45
(s, 9H), 5.6 (broad s, 1H), 6.8—7.5 (m, 4H). m/e 190 (M").

VIiIb: IR (neat) 3375, 1658, 1613, 1580 em~!; NMR (CDCl; with TMS) 81.36
(s, 9H) 1.47 (s, 9H), 6.4—7.3 (m, 6H). m/e 275 (M ").

PdCl, catalyzed reaction of o-aminophenol and t-buty! isocyanide with Ag,0

A heterogeneous mixture of o-aminophenol (5 mmol), t-butyl isocyanide (6
mmol) and Ag,0 (5 mmol) in benzene (10 ml) with a catalytic amount of PdCl,
(0.5 mmol) and molecular sieves (3A 1/16, 1.5 g) was stirred at 70°Cfor2 h
under nitrogen. The reaction mixture was filtered to remove inorganic material
and then distilled in vacuo to give aminobenzoxazole (VIb and VIc) with a small
amount of diamidide (VIIb and VIic) and benzoxazole (VIIIb and VIiic). Yields
were determined by GLC.

VlIe: Anal. Found: C, 70.21; H, 7.92; N, 13.49. C,,H,sN,O calcd.: C, 70.56;
H, 7.90; N, 13.72%. IR (neat) 1655, 1590 cm™!; NMR (CDCIl; with TMS) § 1.46
(s, 9H), 2.33 (s, 3H), 6.5—7.2 (m, 3 + 1H). m/e 204 (M").

Vliic: Anal. Found: C, 70.31; H, 9.16; N, 14.33. C,,H,;N;0 calcd.: C, 70.55;
H, 9.40; N, 14.52%. IR (neat) 3350, 1670, 1670, 1620 cm™!; NMR (CDCl, with
TMS) & 1.33 (s, 9H), 1.45 (s, 9H), 2.36 (s, 3H), 6.2—17.2 (m, 5H). m/e 289 (M").

Preparation of dihydrooxadiazinone (I1Xa)

A mixture of lactic hvdrazide [12] (5 mmol) and t-butyl isocyanide (5 mmol)
in tetrahydrofuran (5 r.:; with a catalytic amount of PdCl, (0.5 mmol) was
refluxed for 5 h with stirring under nitrogen. Distillation of the mixture in vacuo
gave 6-methyl-5,6-dihydro-4H-1,3,4-oxadiazin-5-one (I1Xa) (20%) and t-butyl-
cyanamide (X) (6%). Yields were determined by GLC.

IXa: Anal. Found: C, 42.59; H, 5.54; N, 24.11. C.H;N,O, calcd.: C, 42.10;
H, 5.30; N, 24.55%. IR (neat) 1680 cm™'; NMR (CDCI, with TMS) § 1.53 (d,

J = 6.3 Hz, 3H), 4.76 (q, J = 6.3 Hz, 1H), 6.77 (s, 1H), 7.8—8.7 (broad s, 1H).
m/e 114 (M™).

Preparation of tetrahydrotriazinone (IXb and IXc)

A mixture of a-amino acid hydrazide [13] (5 mmol) and t-butyl isocyanide
(5 mmol) in tefrahydrofuran (5 ml) with a catalytic amount of PdCl, (0.5
mmol) was refluxed for 8 h with stirring under nitrogen. Distillation of the mix-
ture in vacuo gave the tetrahydrotriazinone. In this case t-butylcyanamide was
produced in trace amount. Yields were determined by GLC.

‘IXb: Anal. Found: C, 42.77; H; 6.47; N, 37.27. C,H,N>O calcd.: C, 42.47; H,
6.24; N, 37.15%. IR (KBr) 3225, 3030, 1665, 1635 cm™!, NMR (DMSO-d;)
8 1.20 (4, J 6.6 Hz, 3H), 8.85 (q,J = 6.6 Hz, 1H), 6 77 (3, J - 3.6 Hz, lH),
6.9 (broad s, 1H) 9.9 (broad s, 1H). m/e 113 (M")..
. IXc: IR {(KBr) 3240, 3025, 1660 1625 cm™; NMR (DMSO-ds) 50.82 (d
'J 5.4Hz 3H),0.84(d -J = 5.4 Hz, 3H), 1.2—1.9 (m; 3H), 3.73 (t, J = 6.6 Hz,
J= 3 6 Hz, 11-1), 6.95. (broad s, l.H), 9 88 (broad s, 1H). m/e 155
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Preparation of carbone—patladzum(ll ) complex (XI)

A mixture of PdCl; (5 mmol) and t-buty! isocyanide (10 mmol) in CHCIJ (20
ml) was stirred at room- bemperature under nitrogen until a clear solution was ob-
tained. Then lactic hydrazide (5 mmol) was added in small portions and the solu-
tion was stirred at room temperature for 24 h. The reaction mixture, after being
treated with Norit, was concentrated and triturated with ether to precipitate the -
carbene—palladium{II) complex (XI) (71%)-

XI: Anal. Found: C, 34.16; H, 6.17; N, 12.35; Cl, 15.19. C,,HNNQO,CLPd
caled.: C, 34.88; H, 5.85; N, 12.51; Cl, 15.84%. IR (KBr) 3220, 2218, 1685,
1560, 212, 288 cm‘* NMR (CDCl; with TMS) § 1.3—1.6 (m, 12H), 4.3—4.6
(m, 1H). Mol. wt.: Found, 486; calcd., 447 (monomeric).

Treatment of XI with triphenylphosphine

A mixture of XI (0.1 mmol) and P(C:H;); (0.2 mmol) in benzene (0.5 ml) was
heated at reflux for 4 h under nitrogen. The reaction mixture was filtered off.
Dihydrooxadiazinone (1Xa) (14%) and t-butylcyanamide (X) (7%) were found
(GLC) in the fiitrate.

General procedure for t-butylcyanamide synthesis from hydrazine or hydrazone

A mixture of t-butyl isocyanide (6 mmol) and the hydrazine or hydrazone (5
mmol) in benzene (5 ml) was heated at reflux with stirring under nitrogen with
a catalytic amount of PdCl, (6.5 mmol) for 2—6 h. For example, a mixture of
t-butyl isocyanide and phenylhydrazine was refluxed with a catalytic amount
of PACL. for 2 h at 80°C. The reaction mixture was distilled in vacuo to give t-
butylcyanamide (95%) and an eqmvalent amount of aniline. Yxelds were deter-
mined by GLC. = :

General procedure for preparation of carbene——palladium( II) complex (XII)

A mixture of PdCl; (5 mmol) and t-butyl isocyanide (10 mmol) in CHCI; (20
ml) was stirred at room temperature under nitrogen until a clear solution was ob-
tained. Then the hydrazine or hydrazone (5 mmol) was added in small portions
and the solution was stirred at room temperature for 24 h. The reaction mixture,
after being treated with Norit, was concentrated and triturated with ether to
precipitate carbene—palladium(II) complex (XII) (XIla, 89%, XIIb, 55%).

XIIa: Anal. Found: C, 42.42; H, 5.76; N, 12.50; Cl, 15.88. C,H,N.Cl.Pd
caled.: C, 42.54; H, 5.80; N, 12.40; Cl, 15.70%. IR {(KBr) 3440, 3200, 2219,
1600, 1565, 317, 289 cm", NMR (CDCl;: Wlth TMS) 1. 4—1. 8 (m, 18H), 6. 80
(m, 5H). Mol. wt.: Found, 417; calcd., 451 (monomenc)

XIIb: Anal: Found: C, 43.42; H, 5.91; N, 11.97; Cl, 15. 66. C;-,stNt;Cl;Pd
caled.: C, 44.03; H, 5.65; N;12.08; Cl, 15. 29% IR (KBr) 3440, 3300, 3230, .
2219, 1607, 1550 (:m‘l NMR (CDCl; with TMS) §.1.4—1.8 (m, 18H), 7 2—. 8 O :
(m, 6H). Mol. wt.: Found, 419 calcd. 463 (monomenc) Tl » Con

Treatment of XII with. trzphenylphosphme SR e ey
A mlxture of XIIa (0.1 mmol) and P(CGHS)_-, (0‘2 mmol) m benzene gO"S ’ml)




131

.

Preparation of carbene—palladium(1I) complex (XII) by the reaction of [(t-butyl-
amino)(ethoxy )carbene] palladium(Il) complex with hydrazine or-hydrazone

Phenylhydrazine or benzaldehyde hydrazone was added in small portions to
the solution of [(t-butylamino)(ethoxy)carbene] palladium(1l) complex, pre-
pared by the method of the previous paper [8], at 0°C and the resulting solution
was stirred for 1 h at 0°C,and 1 h at room temperature under nitrogen. The reac-
tion mixture was triturated with ether-n-hexane (10:1) to precxpltate the com-
plex (XII).
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