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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 or-amino acid hydrazides, respectively. 
Diaminocarbene-palladium(I1) complexes, which are involved as key intern@& 
ates in these heterocycle syntheses, were isolated and characterized. Diamino- 
carbenepalladium(I1) complexes, which are prepared from PdCl*(t-C4H9NC)* 
and &amino$cohols, such as methyl threonate and o-aminophenol, were reacted 
with Ag,O to afford (N-t-butylimino)oxazolidines. 

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

RNC + R’QH + RN=CHQR’ (1) 

It has been-now established [3] that a reaction mechanism involving aminocar- 
bene metal domplexes (I) as key intermedjates is operative-in the isonitrile inser- 
tion reaction. 
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aminothiols. In the hetertiydle syntksi%, PdCll was found to be amuch.more- 
effective catalyst th&n Group IBmetalcompounds 151; .Of interest && t&t ti : 
intermediate diaminocarbenepalladium(I1) complex inthe.heterocy& synl _ .- 
thesis was isolable 163. This synthesis of heter&ycles _using PdCll as catalyst is. 
versatile and applicable to the preparation of some other hete;rocyIes. The-pres- 
ent paper reports the synthesis of imidazoIones, i&inoox_azolidines, dihydrooxa- 
diazinon& and tetrahydrotriazinones by PdCl&talyzed reactions of isonitriles 
with a-amino .~-kl esters, with &uninoalcohols, with a-hydroxy acid hydrarides 
and with a-amino acid hydra&es, respectively. Isolation &id characterization 
of the corresponding diaminocarbene-palladium(II) complexes which tie in- 
volved as key intermediates in the heterocyde syntheses also are described. 

Imidazolone synthesis 
C 

An a-amino acid ester was allowed to react with an isonitrile in the presence 
of a catalytic amount of PdCIt to produce a 5-imidazolone (II) along with a 
small amount of a carbodiimide (III) (eq. 2). 

“‘1 
0 

R’CHCOOEt 
RNC + I 

Pa02 
/ \” 

CH-c 

+ RN=C& N-CHCOOEt (2) 

NH, 
N\c,N--R 

I 
R’ 

H mi) 

Imidazolones also were prepared by PdC&atalyzed reaction of a-a&no acid 
amides with isonitriles, but m low yield. Some resuhs are summarized in Table 1.. 

As to the reaction mechanism, it is interesting .to note that diaminocarbene- 
palladium(I1) complexes (IV), X+Z for&din .the reaction. of a-amino acid esters 
with PdCl,(t-C,H,NC), (eq_ 3)_ -_ ~‘_ .. _. . . ._ : ~I ’ __ .: 
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PREPARATIOX~~F IMIDAzo~~~~ BY THE REACTION OF IS~NITRIL@ WITH&A~&INO .icm 
ESTER-OR AMIDE -. 
A__._____.._- __ __.-__________~ L__ ~---- 
a-Amino acid ester Product(%) :. .’ 
or amide ___-- 

ImiddoIone Cazbodiimide. -. 
--_-__--_ 

CH$HCOzEt 
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NH2 
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(CH312CH~HC02Et (91 
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(CH&CIiCHZ+2Et 

N=C=N-t-Bu (61 
(IIId) : ._ 
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an intermediate in the imidazolone synthesis. The by-product carbodiimide (III) 
is regarded as the dehydrogenated product of diaminocarbene-paUadium( II) 
complex (IV)_ P,ecent.ly, we reported that carbodiimide (III) is produced in high 
yield and high selectivity by the oxidation of IV with Ag,O [‘I]. 

Iminooxaxolidine synthesis 

As mentioned above, N,N’-disubstituted diaminocarbene-na.lIadiumf II) com- 
piexes react with Ag20 at room temperature to give carbodiikdes in high yields. 
Now we have found that treatment of diaminocarbene-palladium(I1) .complexes 
(V) [S]. which-are prepared from PdCI,(t-C,H,NC), and &uninoalcohols such 
as methyl threonate and o-aminophenol, with Ag,O afforded (N-tcbutylimino)- 
oxazohdine derivatives (VI) in moderate yields with a minor by-product of dia- 
midide (eq. 5) (Table 2). The reaction may involve a carbodiimide intermediate, 
whose intramolecular cyciization leads to the formation of VI. 

(N-t-Butylamino)benzo-xazoie (VIb) was prepared more conveniently by a 
cataIytic 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 (IV-~-BUTYLIMINO)OXAZOLIDINE 

H$XXOH in V Reaction conditions Product (5b) 
cc. h) 

-- .--. __.__~____.____ __. _.________ 

=%I 
CH~CHCHCOZCH~ 80.4 

AH hXt x 
(70) 

CVIOOC .%t+ 

Gil33 : 
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R N”2 

OH tot. PdC12 

t-C&NC 

A920 
(61 

R R N(CH=N-tC,“& R 

+ 

_- 
3zID(R = HI: 68% XUIJ (R = HI: 29% mr_rcF? = “1: 2% 

PIc (R = C”,) :77-I. TlIc (R = CH3 : 21% TllIc (R = CH3: 2% 

Synthesis of dihydrooxadiazinone and tetrahydrotriazinone 

PdCl,-catalyzed reaction of a-hydroxy acid hydrazides and a-agxino acid 
hydrazides with alkyl isocyanides resulted in the formation of new heterocycles, 
2-nnsubstituted dihycirooxadiazinones and 3-unsubstituted tetrahydrotriazi- 
nones, which are otherwise unavailable (eq. 7). When lactic acid hydrazide was 
heated with t-butylisocyanide in THF with a catalytic amount of PdC12 at 66°C 
for 5 h, 6~methyI-5,6dihydro-4~-1,3,4~oxadiazin-5-one (IXa) wa& 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-k&in-6-one (IXb) and 5-i-butyl-tetrahyclro- 
1,2,4-triazin-6-one (IXc), respectively, in 70% yield. 

RCHCONHNY 
/ -. + t-C4”$.JC cat. PdC” O\ .NH -6 t-C,H@HCN (7) 

OH C=N/ 
n 

cx; 
(Ix) 

-0 ._R = CH3 o:o= 
: 

” - . . .._ _. _. -.. 
:. 

b:_Q -’ N-H. R &i CH, 
: : _i .; -: -_.: ‘- .. .-__T_., ._ _.’ . : c‘:-0 7 NH. R = “S4Hs 
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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). 

Ii+ P 

XI 4 PPh3 
80°C , 4 h w 

in C,l+, 
d NH + 

‘\ 
Cd 

t-C,H9NHCN 

H (XJ 

(9) 

Concerning the formation of t-butylcyanarnide, it may be noted that the reac- 
tion of a hydrazine or a hydrazone with t-butyl isocyanide in the presence of 
PdC12 catalyst also gave t-butylcyanarnide. Thus, on heating a mixture of phenyl- 
hydrazine and t-butyl isocyanide with a catalytic amount of PdC12 at 80°C for 
2 h. t-butylcynamide was produced in 95% yield (eq. 10). 

PhNHNH, + t-C4H9NC PtlQ2 t-C4H9NHCN (10) 

Similar treatment of dimetbylhydraxine and benzaldehyde hydrazone with t-bu- 
tyl isoccanide in the presence.of PdClz catalyst afforded t-butylcyanamide in 
yields of 34% (8O”C, 5 h) and 13% (SO%, 6 h), respectively. It is noteworthy 
that diaminocarbene-palladium(H) complexes XIIa and XIIb were formed by 
the reaction of phenylhydrazine and benxaldehyde hydrazone with PdCIZ- 
(t-C<H9NC)t (eq. 11). 

XLWi + 
v/ “* 

PdCl,(t-C,sNC, - 

Clbd,chCt-c4Fig 

Cl’ :C(NKt-C,H9)(NHN 

txm 

0:x= Ph.Y = H 89% 

b:X.Y= PhCH 55% 

The a-ucture of complex 2&I was convincingiy confirmed by elemental an&lysis,.~ 
IR (XfIa: 2219,1565.317, 289 cm:‘), NMR and molecular weight determiua: 
tion. The complexes XIIa and XIIb were prepared independently by:.the re&ion 
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Treatment of complexes XIIa and XIIb with triphenylphosphine at 30°C gave 
t-butylcyanamide in 73% and 10% yields, respectively. The findings are closely 
related to Fischer’s observation [S] 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), which was not 
isolable (eq. 13). 

,OMe 

Ko)sCr : c, + HzNNRa 
Me 

(XIE) 
(13) 

- MeOH 
[ 

NHNR 21 
(C0)5Cr : c 

/ . 

‘Me i I- 

!xs!) 

RZNH 

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 I-t-butyl-4-alkyl-5-imidazolone (II) and a small 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 [lO,ll]. Carbodiimides III were identified by elemental analysis, IR and 
NLMR [7j. 

IIIa: Anal. Found:’ C, 60.41; H, 9.14; N, 14.33. C,,,I-IisN,02 &cd.: C, 60.58; 
H, 9.15; N, 14.13%. IR (neat) 2110,174O cm-‘; NMR (CDC13 with TMS) 61.27 
(t, J= 7.2 Hz, 3H), 1.29 (s, 9H), 1.32 (d, J= 7.2 Hz, 3H), 3.96 (q, J= 7.2 Hz; 
2H), 4.18 (q, J = 7.2 Hz, 2H). m/e 198 (AZ’); 

IIIb: IR (neat) 2120, 1740 cm-‘; NMR (CDC13 with TMS) $1.16 (t,.J = 6.6 
Hz, 3H), 1.19 (s, 9H), 3.01 (m, 2H), 4.08 (t, J= 7.2 Hz, lH), 4.13 (q, J= 6.6 
Iiz.2H), 7.20 (s, 5H). m/e 274 (W). 

IIIc:-IR,_(neat) 2120,1743 cm-‘; NMR (CD@ with T&S) 6 0.92 .(d, J = 6.0 
Hi, 3H),. 695 (d, J=~6_0 Hi, 3H),ld6 (t, J=-7-2 Hz;.3H),. 1.30 (s, 9H), 1,4~2,4 
(m,.lH),. 3.67 (d; JFL6.0 Hz; 1H);4,20 (q, J-= .7.2, Hz, 2H). m/e 226,(W). 

IIId: ,IR (neat 212p,:1745_cm-!;, NMR (CDCla with TMS) &Or35 (d, J= 5.4: 
&,3Hj-;@37(& 4 =:- o.4$Ixi .3~,-&2O..(t; J716.6 I&3_@, L;23.(5,-QEi); i.3kl.‘7 

;($$$~@),$~3~:(n?,~ ,4&Q; p&$3_ &J -7 6.6 Hz, 2H). m/e 249 (ilf:j. -. . . . ,. 
_:t_~-~l_;t-B~~l~rn~~~~~~~~~lo~~~(I?a)~_~ $&_synthes.ized by. heating at re_ 
;@ 2:. _-: &t&~~&+&~m&'&&&; (5 ~~~j;~~~~~~~~~~~~~~~~: (6' mmoJ j; and 

ma- qo- 25-:mmolj-ikTHF (3 .;:=:_ .21_:.-.‘.... :__-‘_-_,.. : :.-. ‘<:;_ ,._ _ 2. -.. ; r.‘:,-.’ . . :;;._ ,i LT.< -:. ‘..;:_‘:Y-- _-_,_;<_ .: 
Ilil)‘fo~z~~.~~~~~~~~r~g~~~.~~:~ ; . . :: :ts ; ~_ : :._. .-I+. 

_.T’;; .: _: _.. _ ~- .,. .:.:. 
~~_:.;;-~I~~__<, ->:i.‘.:._.-_’ ‘::. ;-_.:, -.. : __, -. -.. _ 

. :.__;<.-_. ..: .:.. -L-~:.._rLi-:.-;;; .r.-.;: ..-i._ _.-_>._ 
_r. -- .~ .i :. .._:. ._;__ . . _:_- 
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Genemi procedure for preparation of diaminocarbene-palladium(II) complex 

U-W 
A mixture of PdC& (5 mmol) and t-butyl isocyanide (10 mmol) in CHCl, (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-pailadium(II) 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. C15H29N302C12Pd 
cakd.: C, 39.11; H, 6.34; N, 9.12; Cl, 15.39%. IR (KBr) 3440,3240, 3075, 
2221,1748,1575,320,283 cm-‘; h%R (CDC13 with TMS) 6 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,,H,,N,O$l,Pd 
cakd.: C, 46.98; H, 6.20; N, 7.83; Cl, 13.21%. IR (KRr) 3400,3230, 3070, 
2218,1745,1575 cm-‘- NMR (CD& with TMS) 6 1.18 (t, J = 7.2 Hz, 3H), 
1.3-1.5 (m, 18H), 1.7 (m, 2H), 3.5 (m, lH), 4.22 (q, J= 7.2 Hz, 2H), 7.20 (s, 
5H). 

IVc: Anal. Found: C, 41.59; H, 6.69; N, 8.52; Cl, 14.34. CI,H1JNJ02C12Pd 
&cd.: C, 41.77; H, 6.80; N, 8.60; Cl, 14.51%. IR (KBr) 3450,3240,3075, 
2220,1743,1565,322,276 cm-‘; NMR (CDAOD) 6 1.13 (m, 6H), 1.42 (m, 3H), 
1.5-1.8 (m, 18H), 1.8-2.6 (m, lH), 4.30 (broad q, 2H), 5.43 (m, 1H). Mol. 
wt.: Found 468; &cd. 489 (monomeric). 

IVd: Anal. Found: C, 42.99; H, 7.32; N, 8.40; Cl, 14.39. C18H35NxOtCItPd 
c&d.: C, 43.00; H, 7.02; N, 8.36; Cl, 14.10%. IR (KBr) 3430,3245, 3075, 
2220,1748,1575 cm-‘; NMR (CDCI, with TMS) 6 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 
rl mixture of IVa (0.1 mmoi) and P(C,HS)l (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 vacua to produce the corresponding imi- 
dazolone (IIa) (18%) and carbodiimide (IIIa) (27%). Yields weredetermined by 
GLC 

Preparation of iminooxazolidine by the reaction of diaminocarbene-palladium- 
(II) complex (V) with AgzO 

i\ heterogeneous mixture of ciiami.nocarbene-paUadium(II) compl& (V) (0.2 
mmol). prepared by the reported meffidd [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~distiIIed .m 
vacua. For example, VIb (84%) and diamidide (VIIb) ‘(14%) were prepared by 
the reaction of Vb with AgrO for.4 h at 80°C. Yields we~_determmed by .GLC& 

War Anal. Found: C, 56.19; H, 8-24; N. 12.81. C,,kl,N,~~--~,:_~.,,-56.q5; 
H, 8.47; N, 13.08%). IR (neat) 3366; 1735;1655 cm-‘; NMR (CD&i .+th:TMS).. 
6 1.31 (s, 9H), 1.38. (d;J = 6.0 H?;_3H); 3.71 (& 3H), 1433 (da; ~.f.G;qEfi;ilH!i-~_ 
4.3 (broad s, IH), 4,60 (qi:JS 6.~~&lEfjI : ;.$ii.:;z;_- :Y;_ > I ., ~‘_~~I’*;~ :_:y ~~‘l.:~~~~~:_.:--~_‘:~.~~__i _:is. 

~. .: :.y_-. -... _. _-_, / 
.:-- ..; _-;_y: :.:_ _1___ _..‘.< -~. _:; .-,:-< 

--. ; .._. I;--_ ~,.-, _. -_ .-;I :._.:.‘;-;.__ . . . . _<T-.;-;~;;” 
.: .,-’ 

-: _ -_._ _-_ : -.- ;_ -. L . :. .-.-- :: _::.- :__=.._.: ..__-. .-;_.~-_:-_c_. y__ :-- .-::: -. .__ _,,, ;_ _ ’ :-:- y:._.-.- ..:. ._ -, .2- .. .__.‘__:_ ._ >;.7 ;_:-: .: .,~_.. . . ,: -. _5_, .:. -T... 
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VIb: Anal. Found: C, 69.68; H, 7.51; N, 14.95. CllH,4N20 calcd.: C, 69.44; 
H, 7.42; N, 14.73% IR (neat) 1640,158O cm-‘; NMR (CDC& with TMS) 6 l-45 
(s, 9H), 5.6 (broad s, IH), 6.8-7-5 (m, 4H). m/e 190 (M*)_ 

VIIb: IR (neat) 3375,1658,1613,1580 cm-‘; NMR (CDC19 with TMS) 6 1.36 
(s, 9H) 1.47 (s, 9H), 6-4-7-3 (m, 6H)- m/e 275 (M’). 

PdC& catalyzed reaction of o-aminophenof and t-butyl isocyanide with Ag,O 
A heterogeneous mixture of o-aminophenol(5 mmol), t-butyl isocyanide (6 

mmol) and _4g,O (5 mmol) in benzene (10 ml) with a catalytic amount of PdCl, 
(0.5 mmol) and molecular sieves (3A l/16,1.5 g) was stirred at 70°C for 2 h 
under nitrogen. The reaction mixture was filtered to remove inorganic material 
and then distilled in vacua 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. 

VIc: AnaL Found: C, 70.21; H, 7.92; N, 13.49. C,,H,,N,O calcd.: C, 70.56; 
H, 7.90; N, 13.72%. IR (neat) 1655,159O cm-‘; NMR (CDCIB with TMS) 6 -1.46 
(s, 9H), 2.33 (2, 3H), 6.5-7.2 (m, 3 + 1H). m/e 204 (M’). 

VIIc: Anal. Found: C, 70.31; H, 9.16; N, 14.33. C,,H,,N,O calcd.: C, 70.55; 
H, 9.40; N, 14.52%. IR (neat) 3350,1670,1670,1620 cm-‘; NMR (CDCIs with 
‘PMS) 6 1.33 (s, 9H), 1.45 (s, 9H), 2.36 (s, 3H), 6.2-7.2 (m, 5H). m/e 289 (M’). 

Prepamtion of dihydrooxadiazinone (IXa) 
A mixture of lactic hydrazide [ 12](5 mmol) and t-butyl isocyanide (5 mmol) 

in tetrahydrofuran (5 ml) with a catalytic amount of PdClz (0.5 mmol) was 
refluxed for 5 h with stirring under nitrogen. Distillation of the mixture in vacua 
gave 6-methyl-5,6-dihydro-4H-1,3,4-oxadiazin-5-one (IXa) (20%) and t-butyl- 
cyanamide (X) (6%). Yields were determined by GLC. 

ma: Anal. Found: C, 42.59; H, 5.54; N, 24.11. C4HbN202 calcd.: C, 42.10; 
H, 5.30; N, 24.55%. IR (neat) 1680 cm- ‘; NMR (CDCl, with TMS) S 1.53 (d, ._... 
J= 6.3 Hz, 3H), 4.76 (q, J= 6.3 Hz, lH), 6.77 (s, lH), 7.8-8.7 (broad s, 1H). 
m/e 114 (M’). 

Prepamtion of tetrahydrotriazinone (IXb and IXc) 
A mixkure of a-amino acid hydrazide [13] (5 mmol) and t-butyl isocyanide 

(5 mmol) in tetrahydrofuran (5 ml) with a catalytic amount of PdClz (0.5 
mmol) was refluxed for 8 h with stirring under nitrogen_ Distillation of the mix- 
ture in vacua gavethe t+rahydrotriazinone. In this case t-butylcyanarnide was 
produkd in trace amount; .Yields were determined by GLC. 

Mb: Anal. Found: C, 42.77; H; 6.47; N, 37.27. C4H,Na0 calcd.: C, 42.47; H, 
6.24; N, 37.15%. IR (KBr) 3225,3030,1665,1635 cm-!, NMR (DMSO-&) 
6 1.20 (d;J= 6.6 I-@, 3H), 3.85 (q, J= 6.6 Hz, 1H); 6.77 (d, J= 3.6 Hz, lH), 
6.9 (broad:& 1H) 9_9.(broad s, 1H). m/e 113 (M’). _ : 

;- IXC: IR (KBr). 3240% 3025,1666,1625 CID:'; NMR (DMSO-&) 6 6.82 (d, 
J?.5.41Hz; 3H); 0.84-(d;J~? 5.4.H~. 3H), 1.2-19(m, 3H), 3.73 (t, J= 6.6 Hz, 
_lH)$.69(d,-J~ 3.6 Hk; &I-I)< 6,95(broad s, l+I). 9-88 (broad s, 1H). m/e i55 
(+?)&_-. :.-_:: ._,::- _..I - -1. --_::. 
::_-i.. ._ L -j _- 
_ _..... ..T.‘. __‘L_ : -:. 1. ---: 

; _._. 
;-j.; ..:,. ; 1::. -_ ‘: 1.1.; _. : L : 

-: :. . . 

~ .’ 

: _ _Z’ :_._ziL;. {:z<.; :.~‘--,_-j- ,- .: -_I- ; .., .( _. .- ; _.; I ‘. . . _. :- 
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Prepamtion of carbenepalladium(IIj complex (XI) 
A mixture of PdCll(5 mmol) and ebutyl isocyanide (10 mmol) in CHCl,(20 

ml) was stirred at room-temperature 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 
carben~aIladium(I1) complex (XI) (71%). 

XI: AnaI.Foundr C, 34.16; H, 6.17; N, 12.35; Cl, 15.19. C13H26N4dlC1=Pd 
calcd.: C, 34.88; H, 5.85; N, 12.51; Cl, 15.84%. IR (KBr) 3220, 2218,1685, 
1560,312,288 cm”; NMR (CDCI, with TMS) 6 1.3-1.6 (m, 12H), 4.3-4.6 
(m, 1H). Mol. wt.: Found, 466; calcd.. 447 (monomeric). 

Treatment of XI kth tnphenylphosphine 
A mixture of XI (0.1 mmoi) 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. 
Dihydroosad&inone (U(a) (14%) and t-butylcyanamide (X) (7%) were found 
(GLC) in the filtrate_ 

Genemi procedure for t-butylcyanamide synthesis from hydrazine or hydrazone 
A mixture of t-butyl isocyanide (6 mmol) and the hydrazine or hydrazone (5 

mmot) in benzene (5 ml) was heated at reflux with stirring under nitrogen with 
a catalytic amount of PdCl, (q-5 mmol) for 2-6 h_ For example. a mixture of 
t-butyl isocyanide and phenylhydrazine was refluxed with a catalytic amount 
of PdCl= for 2 h at 8O”C_ The reaction mixture was distilled in vacua to give t- 
butylcyanamide (95%) and an equivalent amount of aniline. Yields were deter- 
mined by GLC. :-. 

General procedure for prepamtion of carbene-palladium(II) complex (XII) 
A mixture of PdCl* (5 mmol) and t-butyl isocyanide (10 mmol) in CHCL (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) (XHa, S9%, XIIb, 55%). 

XIIa: Anal. Found: C, 42.42; H, 5.76; N, 12,5O;Cl, 15_88_ ClaH,,N4Cl,Pd 
caled-: C, 42.54; H, 5-80; N, 12-40; Cl, 15_70%.- IR (KBr) 3440,3200,22%9, 
1600,1565,317,289 cm-‘; NMR (CDC13.xvi+ TMS) 1.4~1.8 (m, lSH), 6.80 
(m, 5H). Mol. wt.: Found, 417;.calcd., 451 (monomeric). 

XIIb: Anal. Found: C,.+.42; H, 5.91; N; J&97; Cl, 15.66. C,,H,&C12Pd 
calcd.: C, 44.03; H, 5.65; N; 12.08; Cl, >5,29% IR. (KBr) 3449,3300,3230,- : 
2219,1607,1550 cm-!; NMR (CDC1,:wit.h TMS) S. 1,4-1_8_(m,~l8H), 7.2~8.6 
(m. 6H). Mol. wt;: Found, 4J9,5ca+L; 463 (monomeric). -. -. . .:... 
Treatment of XII with. &&he~jj/p~&p~i~, 1 .:.-eb ..:. __I _-. -_:..I _ ._I ’ -1 r :: _.. _- __:~~C~; .- .f. _. 

A mixture of XIIa- (O_l~mmoi) $dP(C,H,), (0,2 mm_ol) :i~b&&@ (6;_5..:ml) :__ 
wzs E&CX~~ .for 3-h imd&r xxi$o&k ,The _r+&iSti. mzxtu+ was fill&d p_ro+xc?ng z 

the corresponding t~butjk$k&le~ ~7.3%),~~~;~~dl~~-~~~~~~kd~~:GI;C;’ :: 
Treatment~of~~~~~~(~~5)i$as.~_~~~~~~~~~~~.~-~~~iiihiIar~~~~~~.’: 
that used for XHa_ tQ~~:.~~u~~~~~a~~~_~~~; :f::_ 

_I, .:, i. il_-“~_~-~. ..e.. 
. . ._ . .._,;; _T 

:: ;!. :,;_y. :. ; C g<:. ~7. ~_;.I;r::-t:; 3 ;g;:: :::.:c:;l 
.. - -<: :-.y... _._.. :.‘,-: ._. ;. y. -.. ._._- _.-.. -: .;:-;.;;_“f>- fz ~.~::--.,:~_~~:_I-~.~~~:::.j;L_;i~,:.’.I: 

.‘.. : :- _.. T._., :._ _.-,-..-Im ~._T;..c,_~.;.l-. -. _,L;:.r._._.z ;: ~~~~;~.-__::_: ‘_, .I’ 
_ _-.: .:---.~.T_f’L ‘;: .T ._’ ..:: ..:_ +;,;-‘;-_-::._ _: :: _.-.:.-=~.‘._~_,,_;. .‘; :;;~e?;_.c..~ :, _I .:: ::-=; :-. ._- t;: i:;:~~_~~-_slJ,~;‘-. 

_ . . . :.~ __ ~ .:. . j:, --- - -... 1 _ ;_ -.. -1 -.- _. -‘_ .s;;:‘ . . . .._ -i_ 
- -. .__., _:_rl’.,:l’~~:~~::: _;_‘r’!.,.z. _12:’ 

.- _, -.~._-;-~.-~~~~~__;.-~_~...~~~~~~;.__~-~,, _. L a~2”;i’_.;.-._:_+, 
:; ..:~:,~~-~;.-~~.~--_-.;-~,~~~~:~:~~_~~-_.--~._ ,‘_ _.~:~:~~~_;:‘--=~;~~~~,-_~:.:-.:::__ __ ._~,.-;_;,_ 7,_ .‘, .<I_. *:-‘;‘; d, . . d 5 -2. . .I _..-=_*-__,-. - .-. - : ,_:.- I ;_::. :;..‘;+i .:--‘ >,_ __ __. :..-_ -_Y. ~.-;_-~~,g+~: 
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Preparation of carbene-palladium(II) complex (XII) by the reaction of [(t-butyi- 
amino)(ethoxy)carbene] palladium(II) coinplex with hydrazine or-hydrazone 

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