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Abstract 

Reaction of xylyl isocyanide with chloroaeetone in the presence of [Co2(XylNC) s] (Xyl ~ 2.6-Me~C¢,H 0 gave the derivatives of 
azacyclopent-3-ene (CH 3COCH.~){XylNC) a I and cobaltaazacyclobutane CoCI(CH.~COCH)(XylNC) 5 2. Similar reaction with methyl 
monochloroacetate gave the analog of 1 (CH~COOMeXXylNC)4 4 and the 2,6-diaza-bicyclo[3,3,0]octa-l.7-diene derivative 
(CHCOOMeXXylNC) s • C6H n 5.  C~,}lt. ~. Compounds 1 and $.  Ct, Ht, were confirmed by their X-ray analyses (1 monoclinic, space group 
Cc (No. 9), a - ,  10,241(3). b ~ 19.47,86), c ~  16.955(8) ,.~, B ~ 103.42(3) °, V-3289{2)  ,~3 Z - 4 ,  and R = 0.043; 5.  C6Ht, or- 
thorhombie, space group Pbcn (No. 60), a ~ 21.642(5). b - 14.028(3), c ~ 30.449(8) ,A, V ~ 9244(7) ,,~, Z ~ 8, and R ~ 0.087). A 
possible reaction route is discussed. 
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!. inlroduction 

Dicobalt octacarbonyl has played an important role 
in organometallic chemistry and metal.assisted organic 
syntllesis [I]. Dicobalt octa(isocyanide) [2], which is 
isoelectronic with dicohalt octacarbonyl, also provides 
versatile reactivities. In l~ct, Co~(RNC) 8 reacts with 
azobenzene in the presence of isocyanide to give hetero- 
cyclic compounds such as indazoline and diiminoinda- 
zole [3], and with diphenylacetylene to give i,2-di- 
phenyl-3,4,5-tri(N-2,6-xylylimino)cyclopent- 1 -ene [2c]. 
Treatment of Co2(RNC)s with polyhalogen compounds 
forms organic compounds such as indolenine [4] o1" 
acetoamide derivatives [5]. Reaction with benzyl bro- 
mide leads to a successive insertion of isocyanide into a 
cobalt-carbon bond to give 1.6-diphenyl-2,3,4,5- 
tetra(N-2.6-xylylimino)hexane [4]. We have reported 
that the oligomerization and co-oligomerizatio,i of ac- 
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rive methylene compounds and aromatic isocyanides ~u'e 
catalyzed by zero valent cob:dt isocyanldc complex [6]. 
Recently, we also reported that the reaction of 
Co:(XylNC)s wilh 2obron~oncetophenone leads to Ihc 
multiple insertion of isocyanide molecules illtO a 
cobalt~carbon bond to give octahedral complexes ~md 
tetrahydrofuran derivatives [7,8]. 

In this paper we wish to describe the metal°assisted 
formation of heterocyclic compounds derived from 
Co2(RNC) s and chloroacetone or methyl monochloroo 
acetate. 

2. Experimental 

All solvents were distilled under calcium hydride. 
isocyanide [9] and dicobalt octa(xylyl isocyanide) [2d] 
we,'e prepared according to literature methods. The 
infl'ared and electronic absorption spectra were mea- 
sured oll Fr/IR-5300 and U-best 30 spectrometers 
respectively. NMR spectroscopy was carried out on a 
Bruker AC250. 'I~! chemical shifts were measured 
against Me4Si using solvent resonances as standard 
locks. Mass spectra were measured on a HITACHI 
M-80 model GC-MS spectrometer. 
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2.1. Reaction of  Co,(XylNC)s and .Ev6'l isocyanide with 
chloroacetone 

A mixture of xylyl isocyanide (0.35 g, 2.68 mmol), 
Coz(XylNC) s (0.36 g, 0.31 mmol) and chloroacetone 
(0.073 g, 0,79 mmol) was refluxed in benzene (20 ml) 
for 3 h. The solvent was removed in vacuo and the 
residue chromatographed on deactivated alumina (con- 
mining 10% H20), using benzene and methanol as 
eluants, An eluation with benzene gave a violet solu- 
tion. The solvent was removed under reduced pressure 
and crystallization of the residue from benzene/hexane 
gave (CH~COCH~XXylNC)4 1 (0.056 g, 16%) as violet 
crystals. An eluation with methanol gave the violet 
compound CoCI(CH.~COCH)(XylNC) 5 2 (0.125 g, 
25%), followed by crystallization from acetone/ether/ 
hexane. 1 (16%) mass (re~z): 582 (582). IR (Nujol): 
3415 (NH), 1648, 1618. 1579 (C=C. C=N) cm -z. IH 
NMR (CDCl.~): 8 1.74, 2.06, 2.17, 2.32 (s, o-Me, 6H). 
2.1 t (s. MeCO, 3H), 4.31 (s, NH, IH), 5.19 (s, C=CH, 
IH), 9.87 (s, Nil. IH) ppm. UV-vis (CH,CIz): k,,,, 
518 (log • 3.56), 339 (4.41). 276 (4.20) nm. Anal. 
Found: C. 80.15: H, 7.26; N, 9.47. C.~gH4:N40 Calc.: 
C. 80,52; H, 7.10; N, 9.63%. 2 (12%) IR (Nujol): 2138. 
2108 (N~C), 1629, 1580 (C--O, C=N) cm =~. ~H 
NMR (CDCI~): 8 1.74 (s, o-Me. 12H), 1.79 (s, o-Me, 
6H), 1.93 (s. MeCO. 3H), 2.22, 2.26 (s, o-Me, 6H), 
5.14 (s. C~-CH, IH), ca, 7.0 (m, Ph) ppm. UV-vis 
(CH,CI,,): hm,~ 868 (2.42). 551 (3.86), 370sh (2,42) 
nm, Anal. Found: C, 66.29; H, 5.85; N, 7.87. 
C~sH~0N~OCICo Calc.: C. 66.03; H, 5.76; N, 7.86%. 

2.2. Reaction of Co2(XylNC) s and xylyl isocyanide with 
methyl monochloroacetate 

A mixture of xyly2 isocyanide (0.357 g, 2.72 mmol), 
Co, (XylNC)  s .  (0.286 ~,,, 0.245 mmol) and 
CICH2COOMe (0.079 g, 0,73 mmol) was refluxed in 
benzene (20 ml). After 3 h, the mixture was chro- 
matographed on silica gel, using benzene/hexane (1 : I) 
as eluant. Two red bands were observed; the first band 
gave (CH3COOMe)(XylNC) 4 4 (0.527 g, 18%) as red 
crystals, and the second band gave the red compound 
(CHCOOMe)(XylNC)s -C6H 6 5 " C 6 H  6 (3%). 4 mass 
(re~z): 598 (598). IR (Nujol): 3400 (NH), 1678, 1656, 
1602, 1585 (C=O, C=N, C=C) cm -I. |H NMR 
(CDCI.0:8 1.75, 2.05, 2.18, 2.32 (s, Me, 3H), 3.60 (s, 
MeO, 3H), 4.31 (s, NH, IH), 4.81 (s, C-Ct l ,  IH), ca. 
7.0 (m, Ph), 9.2 (s, NH, 1H) ppm. UV-vis (C6H6):  
km.~ 500 (3.57), 337 (4,39), 284 (4.21) nm, Anal, 
Found: C, 77.03; H, 7.29; N, 8,98. C39H,~zN402 Calc.: 
C, 77.23; H, 7.07; N, 8.98%. ~ ' C 6 H  6 mass (re~z): 
727 (727). IR (Nujol): 3346 (NH), 1664, 1626, 1585, 
1557 (C=O, C=N, C=C) cm -I. IH NMR (CDCI3): 
!.62, 1.89, 2.01, 2.05, 2.24 (s, Me, 3H), 3.44 (s, MeO, 
3H), ca. 6.8 (m, Ph), 7.36 (s, NH, IH) ppm. UV-vis 
(C6H6): ha, as 497 (2.59), 390 (2.76), 339 (3.02) nm. 
Anal. Found: C, 79.19; H, 6.91; N, 9.59. C4sH49NsO 2 
Calc,: C, 79.20; H, 6.79: N, 9.62%. 

2.3. Daut collection 

Complexes 1 and $ were recrystallized from ben- 
zene/hexane. Complex S was analyzed as the molecule 

Table I 
Cry~tM data for I and $, Or, He, 

Compoand 
Formula 
Molecular weight 
Color 
Cr~s|al dimensions (mm ~) 
Crystal system 
Space group 
Lattice parameters 

u(A) 
, (A)  
~'(A) 
a (°) 

,,./(o) 

v (A') 
I, 
t-)~i,, (g on) ) 
tL ( c m ) )  
No, of unique data 
No, of variables 
g(o~O) 
R; R~ a 

~ R,.  ~ i  )~i, i-I,*;) )/I Fo l,,,~ R . -  [>2,,,(I ~, i 

I 

58239 
violet 
0,50 × 0.40 × 0.20 
monoclinic 
C(' (No. 9) 

10,241(3) 
19,474(6) 
16.955(8) 
90,0 
103.42(3) 
90.0 

4 
1,177 
0,(~6 
2932 
563 
1248 
0.043; 0,030 

- I F¢ I ) : / ~ . . ' F ~  ]a/.. ( . .  = ! / ~ " ( ~ ' o  )). 

$' C6FI, 
C~It~N~O~ 
8001)0 
red 
0.65 × 0.65 × 0.40 
oHhorhombic 
I'twn (No, 60) 

21.642( 5 ) 
i 4,028(3) 
3O,449(8) 
90.0 

90,0 
9244(7) 

1.158 

7582 
550 
344O 
0,087; 0.079 
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5 " C 6 H  6 containing one benzene, Cell constants were 
determined on a Rigaku AFC5S four-circle automated 
diffractometer from the setting angles of 20-25 reflec- 
tions, The crystal parameters alo~g with data collection 
details are summ~u'ized in Table 1. Data collection was 
carried out on a Rigaku AFC5S diffractometer, Intensi- 
ties were measured by the 20-to sctm method using 
Mo Ka  radiation (k=0.71069 .A,). A scan rate of 
8 ° min-~ was used. Throughout the data collection the 
intensities of the three standard reflections were mea- 
sured every 150 reflections as a check on the sta,~mty of 
the crystals, and no decay was observed. A total of 2932 
independent intensities (20 < 50 °) was measured for 1, 
and 7582 (20 < 50") for 5 .  C6H 6. Of these, there are 
respectively 1751 unique reflections with I >  3.0o-111 
and 2583 with ! > 2.00.(i) which were used in the 
solutions and refinements of the structures. Intensities 
were corrected for Lorentz and polarization effects and 
for absorption. Atomic scattering factors [10] and 
anomalous dispersion effects Af '  and A f '  [! !] were 
taken from the usual tabulation. All calculations were 
performed on a Digital VAX Station 3100 M38 com- 
puter using the TEXSAN-TEXrAY program system [12]. 
The positional parameters of 1 and 5.  C6H 6 are listed 
in Tables 2 and 3. 

2.4. Detennination of the structures 

The structures were solved by direct methods with 
MITHRIL. All non-hydrogen atoms were located in the 
initial E map, and subsequent Fourier syntheses gave 
the positions of other non-hydrogen atoms. For I, hy- 
drogen atoms were located by difference Fourier syn+ 
theses. For 5. C.I  !+,, hydrogen atoms were calculated "1t 
the ideal positions with C-Ioi distance 0.95 /~ and were 
not lel'ined. The nond~ydrog, en atoms were refined with 
mfisotropic thermal parameters using tifliomatrix least° 
squares methods. The final refinement converged to 
R ~ 0.043 and R, ~ 0.030 for 1, 0.087 and 0,079 Ibr 
$ .  CoI,I~. Selected bond lengths and angles are listed in 
Tables 4 and 5. 

Table 2 
Positional parameters for 1 

Atom x y z Be q a 

O( I ) 0.2285 O. 1500 0.3520 5.6 
N(I) 0 .2217(61  -0.0568(2) 0.4572(4) 3.1(21 
N ( 2 1  0 .4126171  0.0993(3) 0.4781141 4.012) 
N(3) 0 . 5 6 9 0 ( 7 )  -0,0307(3) 0.5566(4) 3.9(2) 
N ( 4 1  0 . 3 5 2 4 ( 6 )  -0.1446121 0.5269(4) 3.6(2) 
C(I) 0 . 2 3 5 7 ( 7 )  0.0110(3) 0.4350(5) 3.3(3) 
C(2) 0 .3716161  0.0319131 0.4779(4) 3.0(3) 
C(3) 0 . 4 3 7 3 ( 7 )  -0.0244(3) 0.5139141 3.0(3) 
C ( 4 1  0.3418171 -0.0821(31 0.5039(5) 3.1(3) 
C(5) 0 .1326171  0.0448(3) 0.3845(4) 3.7(3) 
C(6) 0 .1318161  0.1111131 0.3457(5) 4A(3) 
C ( 7 1  0 , 0 0 1 2 ( 8 )  0.1322(4) 0.2890(6) 5.7(4) 
C(I 1) 0 ,1028171  -0.0976(3) 0.4301(51 3.3(3) 
C(12) 0.0177(71 -0.1076131 0.4820(5) 4,0(3) 
C(13) -0.1028(81 -O.1440(41 0.450q~7) 5.5141 
C(14) -0.1321(9) -0.1691141 0.3743(6) 5.7(4) 
C(15) -0.0459(8) -0.1609131 0.3245(5) 5.0(3) 
C(16) 0 .0753(7 )  -0.124613) 0.352115) 4.0(3) 
C(17) 0.172(I) -0.1158(5) 0.2985(6) 5.8(4) 
C(181 0 . 0 5 1 ( 1 )  -0.0826(5) 0.5679(6) 5.9(4) 
C(21 ) 0.4881171 O. 1354(3) 0.5449(5) 3.3(3) 
C(221 0 . 5 7 8 3 ( 7 )  0 .1851(31 0.5281151 3.8(3) 
C(231 0 .6513191 0.2246(4) 0.5901161 5.2(4) 
C(24) 0 . 6 3 6 0 ( 9 )  0.2165141 0.6679(7) 6.0(4) 
C1251 0 . 5 4 6 1 1 1  0 .1691(41  0.6858(61 5.5(4) 
C(26) 0 . 4 6 8 7 ( 7 )  0.1284131 0.6234(5) 4.3t31 
C(27) 0 . 3 6 1 1 1 1  0.0831141 0.6406(7) 6.0(4) 
C1281 0 . 5 9 5 1 1 1  0.1964141 0.4434(6) 6.1141 
C(311 0 . 6 7 8 9 ( 7 )  0.0079(3) 0.544ag5l 3.5(3) 
C(32) 0 . 7 0 0 8 ( 8 )  0 .018413)  0.6680(6) 4.~X41 
C133) 0.811(I) 0.0579(5) 0.4608(8) 7.2(5) 
C(a4) 0,896( I ) 0,0846(5) 0.528( 1 ) 8,4<0) 
to'( 35l 0 , 879919 )  0 .071914)  0.61)37(8) 6,5(4) 
C(361 11,7711(7) 0,0322(3) 0,6142151 42(3) 
C(371 0,750(1l l).1)1 t)t.~ 5) 0,h90510) o.215) 
C(),Sl 0,61 I(I) =0.0146151 0,392(X01 6.5(,1l 
C141 ) ll.4758(7) + 0, 1724(3) 0,572515) 3,9(3) 
('(421 I).51195(81 -+ O,1002(31 O,6574(51 4,413l 
C(431 I).0282(t)) =O,1971(41 l),TlMl4(0) 0,2141 
(?(44) 0,71 I( I ) = (1,2330(41 (1.6583(8) 7.5(5 ) 
C(45) 0,672~9) + 0,2413(,1) 0,5753(4) 0,014) 
C(401 0.5548(8) o+ 0.2113(3) 0,5321X01 4.8(41 
C(471 0.514111 ~ l).219915) (l,4424(71 7,115) 
C(48) 0,424(I) -'O.1291(51 (l,7025(6) 0,1(41 

"~ B,,(I =(8~r+'/3)ll/ll(aa" )~ + U2~(hb" )~ 4- U~(cc" )~' + 
2Ui2 aa" hb" cos y + 2Ut~ua" cc" cos [3 + 21]~.d~h" co" cos t~ ], 

199 

3. Results and discussion 

3.1. Reaction of  Co2(XyINC) ~ (Xyl = 2,6-Me:C~,H.<) 
with chloroacctone 

A mixture of chloroacetone, Co,(XylNC) s and xylyl 
isocyanide was refluxed in benzene, and two violet 
compounds were obtained, tbrmulated as (CH3CO- 
CtI 2)(XylNC)4H 1 and CoCI(CH3COCH)(XylNC) ~ 2 
from elemental analyses and mass spectra. The mass 
spectrum of I showed a fragment ion [M-COCloI3] +. 
suggesting the presence of an acetyl group. The infl'ared 
spectrum showed the presence of the N-H bond 13415 

ern -~ ) as well as tile C=N and C=O bonds in tile range 
1648=!579 cm ° I. The tH NMR spectrunl showed five 
resonances for the nlethyl groups at 8 1.74. 2.06, 2.11. 
2.17 and 2.32 ppm in a 6: 6 : 3 : 6 : 6  intensity ratio. 
assigned to tbur isocyanides and an acetyl group. 
Olefinic and two N-H protons also appeared at B 5.19. 
4.31 and 9.87 respectively. Finally it was determined by 
X-ray analysis that the molecule consists of a hetero° 
cyclic ring, l.(N-2',6'-xylyl)-2-(2',6'-xylylimino)°3.4odi- 
(2',6'-xylylanlino)-5-exo(acetylmetylene)- I -azacyclo- 
pent-3-ene, derived from the successive insertion of 
isocyanide molecules (Fig. i). 
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Table 3 
Positional parameters for $.C6H~, 

Alom x Y Z Be q a 

13(!) 0,3863(4) -'0.108115) 0.0924(3) 6.8(5) 
0(2) 0.4779(4) -0.1790(6) 0.0918(41 8.1(6) 
N(I) 0.5804(4) -0.0788(6) 0.115313) 4.9(5) 
N(2) 0.5958(3) 0.1589(6) 0.1202(3) 3.4(4) 
N(3) 0.4448(4) 0 .071816)  0.107313) 3.9(5) 
N(4) 0.4674(4) 0 .3150(61  0.1259121 3.2(4) 
N(51 0.6043(3) 0.3233(6) 0.1109131 3.3(4) 
C(I) 0.4747(5) -0.0160(7) 0.1060141 4.4(6) 
C(2) 0.4469(6) - O. 108( I ) 0.0963(4) 5.7(8) 
C(3) 0.3612(7) -0.204(I) 0.0831(6) 10(I) 
C(41 0.5385(5) -0,0042(7) 0.1134141 4.1(61 
C(51 0,5461(4) 0,0944(7) 0.1167(31 3,2(5) 
C16) 0.4906(6) 0,1388171 0.114313) 3.3(5) 
('(7) 0.4996(4) 0.2406(6) O.1180131 3.1(51 
C(8) 0 ,570914)  0.2511(7) 0.115913) 3.0(5) 
C( l i )  0.6311(51 - 0.076417) 0.146714) 4,3(3) 
C(12) 0.6237(6) - 0.0527(8) 0.1912(4) 4.5(6) 
C(13) 0,6753(7) - 0.054018) 0.2183141 5.4(7) 
C(14~ 0,7327(6) -0.080319) 0.2024(4) 5.3(7) 
C(15) 0.7383(5) -0,108~81 0.1593141 4.(7) 
C(16) 0.6886(6) - 0.1080181 0,131 I(4) 4.4(6) 
C(17) 0,6962(6) = 0,142( 1 ) 0.083(8) 6~6(81 
C(18) 0,561~6) =0.02911) 0.210414) 7,1(81 
C(21) 0.66(~4) 0,1387171 0.1090(4) 4.0(6) 
C(22) 0 ,703415)  0.1517(7) 0.1425(41 4.0(6) 
C(231 0,7646(5) 0.131619) 0.1316151 5,8(7) 
(?(24) 0,7~00161 0.103(I) 0.0~X)I(5) 6,6181 
C(25) 0.7364(7) 0.092( ! ) 0.0577(4) 6.7(8) 
C(26) 0.6737(5) 0.113(XS) 0.0064(4) 5.0(7) 
C(27) 0,6272(61 0 ,100(11 0,0309(4) 6,0171 
C128) 0,0857(51 0 ,1838(8)  0,1875141 5,1(7) 
C1311 0,31,143(5) 0 ,0952(7)  0,090714| 3,8(6) 
C(A2) 0,3129(51 0,01417(71 0,11~1(4) 4.6(6) 
C(33) 0.2751X51 0 ,10411)  0,099~151 (~,0(S) 
¢~{ 34) 0.20~7(6) 0,13~( I ) 0.1158415) o,N(91 
C(3.5) 0,3193(71 0,153(I) 0,0329(4) 0,71~) 
C(361 0.~785(51 0,1299181 0,0489(4) .L7(71 
C(37) 0,4335(6) 11,142(11 0,0190(41 0,5(71 
C~38) 0.3380(5) 11,040619't 0.1634141 6.2(7) 
~411 0,4041(41 0,3104171 0,137814) 3.3(5) 
C1421 0,3867(5) 0.2770(7) 0,1791(41 4,0161 
C(4M 0,3247161 0,2t~50(9) 0,1909141 5.4(7) 
C144) 0.2825(5) 0.3231X8) 0,1625(5) 5.5(7) 
C145) 0.3001(5) 0,3598(8) 0.1223(5) 5.0(7) 
C(46) 0,3616151 0,3554(7)  0.1087(41 4,3(6) 
C147) 0,3833(6) 0,3g~( I ) 0 ,06~ 41 6,5(81 
C1481 0 4333(6) 0.240( I ) 0.2108(41 O,3(7) 
('(511 0,5817(41 0,4158(71 0,103414) 3,7(6) 
('(52) 0.5735(5) 0.4799(8) 0.1361(4) 4.6161 
C(53) 0,5557(5) 0,574( I ) 0,1257(61 6,218} 
C1541 0.5469(6) 0,60 I( I ) 0,836(7) 8111 
('(55) 0,5557(6) 0.5361 1 ) 0,0507(51 5.8(8) 
C156) 0,5741151 0,, t43818) 0.0591(51 4,7[7) 
('1571 t | ,~ '~61 0,37(~( I ) 0.022214) 7,(~) 
C158) 0.5815161 0.450( I ) 0,1837(51 6,S(S} 
C(I I 1 ) 0,3287(7) 0,383(I) 0,730716) ,9( I 
('( 1121 0, 3590181 0,438111 0,701 C461 8( I1 
C(113) 0.409111 0.411(21 0,684,1171 14121 
('11141 0.43~ I) 0,32~21 0,6~( I ) 2~31 
(~1151 0.401111 0,26~11 0.725(I) 17121 
C(1161 0,3514181 0 ,298111  0/?42416) 8(I) 

tJo~ ~-(8*r"/3)[U~(ua" )2 + U,:(bb" ): + U~(~'" )" + 
2U~,aa" bb" cos "t + 2U~ o~,i" co" cos 13 + 2U,~bb ° co" cos ~ ], 

C17 C 

C7 0 C11 

o ,  

C14 

C13 

(118 
N4 C47 

) L).o.3 

C31 

Fig. 1. Molecular structure of 1. 

The N12)-C(2) and N(3)-C(3) bond distances 
(1.377(7) and 1.380171 ,~) are longer than the N14)-C(4) 
one (I.276(6) ,~,). The C(2)-C(3) bond length (I.356(7) 
/k) in the ring is shorter by 0.11 A than the other 
C(I)-C(2) and C13)-C14) bond lengths. These results 
suggest tl~at the double bonds are located at the N14)- 
C(41 and C(2)=C(3) positions. The angles C12)-N(2)= 
C(21) and C(3)-N(3)-C(31) 1126,215) and 126.4151 °) 
are larger than (7(4)= N(4)=C(41 ) ( 121.9(5)°). Since two 
hydrogen atoms, 1t(2) and |1(3), located by the differ- 
ence Fourier syntheses are connected with each N(2) 
and N(3) atom reslX~Ctively, two amino groups exist in 
the N(2) and N(3) positions. "1'11¢ C( I )-oC15) bond length 
of 1.36418) ,~ is similar to that of the C(2)~C(31 bond, 
and is assigned as a double bond. Dihedral angles 
between the hetertx:yclic ring and each xylyl group are 
in the range 68-83 °, minimizing the steric repulsive-in- 
teraction anaong the aromatic rings, The O(I) , . ,  H(21 
hydrogen bonding was supported by the facts that six 
atoms O(I)C16)C(5)C(I)C(2)N12) ate located in the 
same plane (torsion angles O(I)C(6)C(5)C(I) and 
N(2)C(2)C(I )C(5) 0 and 7 ° respectively) and that the 
O(I) , , ,  H(2) bond length is 1.8518) A. 

Compound 2 showed the presence of terminal isoo 
cyanides 12138 and 2108 cm -~t) and C=N and C=O 
doable Ixmds 11629 and 1598 cm -t). The electronic 
spectrum showed three peaks at 868. 551 and 371Xsh) 
nm, and is comparable with that of CoBRPhCOCH)- 
(XyiNC) 5 3 [8L suggesting the structure to have a 
cobaltaazacyclobutane ring similar to that of 3 (Fig. 2). 
The t H NMR spectrum was in good agreement with the 
proposed structure m~d showed five singlets at ~ !.74. 
1.79, !.93, 2.22, and 2.26 ppm in a 1 2 : 6 : 3 : 6 : 6  
intensity ratio and a singlet due to an olefinic proton at 

5,14 ppm (IH). The signal at ~ i.74 ppm is assigned 
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Table 4 
Selected bond lengths and angles for ! 

Bond lengths tA) 
O(1)-C(6) 1,232(6) N(I)-C(I) 1,389(6) 
N(I)-C(4) 1.389(7) N( I)-C'(! I) 1.437(7) 
N(2)-C(2) 1,377(7) N(2)- C(2 I) 1.403(7) 
N(3)-C(3) 1,380(7) N(3)-C(31) 1.407(7) 
N{4)-C(4) 1,276(6) N(4)-C(41) 1.426(7) 
L'-'(I)-C(2) 1.471(7) C(i)-C(5) 1.364(8) 
C(3)-C(4) 1.474(7) C(5)-C(6) 1.449(8) 
C(6)-C(7) 1.512(9) N(2)-H(2) 0.88(7) 
N(3)-H(3) 0.74(5) C(5)-H(51) 1.04(6) 

Intramolecular length (,4) 
O(I). • • H(2) 1.85(8) 

Bond angles t ° ) 
C(1)-N(1)-C(4) 
C(4)-N(1)-C(I 1) 
C(3)-N(3)-C(31) 
N(1)-C(1)-C(2) 
C(2)-C(I)-C(5) 
N(2)-C(2)-C(3) 
N(3)-C(3)-C(2) 
C(2)-C(3)-C(4) 
N(I)-C(4)-C(3) 
C(I)-C(5)-C(6) 
C(5)-C(6)-C(7) 
C(21)-N(2)-H(2) 
C(31)-N(3)-H(3) 
C(6)-C(5)-H(51 ) 

11o.9(4) C(I)-N(1)-C(i l) 
124.0(4) C(2)-N(2)-C(21 ) 
126.4(5) C(4)-N(4)-C(41) 
I06.0(5) N(I)-(2(I)-C(5) 
133.0(5) N(2)-C(2)-C(1) 
130.5(5) C( I )-C(2)-C(3) 
129, I (5) N(3)-C(3)-C(4) 
108.5(5) N(I)-C(4)-N(4) 
105.8(5) N(4)-C(4)-C(3) 
129.5(6) O(I)-C(6)-C(5) 
I 16.3(6) C(2)-N(2)-H(2) 
! 18(5) C(3)-N(3)-H(3) 
110(4) C(I)-C(5)-H(51) 
118(3) 

124.9(4) 
126.2(5) 
121.9(5) 
121.0(5) 
121.3(5) 
108.2(5) 
122.3(5) 
120.9(5) 
133.3(6) 
126.2(5) 
I 13(5) 
122(4) 
!11(3) 

Table S 
Selecled bond lengths and angles for 5' C~H 6 

/to,d h'n~g).~ ¢A) 
O(I)=C(2) 
O(2)~C(2) 
N(I)~C(I I) 
N(2)o~8) 
N(3)=C( I ) 
N(3)~C(31) 
N(4)=C(41 ) 
N(5)=C(51) 
C(I)-~4) 
C(5)-C(6) 
C(7)=C(8) 

Bond angles ¢°) 
C(I)-O(I)-C(3) 
C(5)-N(2)-C(8) 
C(8)-N(3)-C(21) 
C(I)-N(3)-C(31) 
C(7)-N(4)-C(41) 
N(3)-C( I )-C(2) 
C(2)-C(I)-C(4) 
O{ I )-C(2)-C( I ) 
N(i)oC(4)-C( I ) 
C(1)-C(4).oC(5) 
N(3)=C(6)-C(5) 
C(5)-C(6)-C(7) 
N(4)=C(7)-C(8) 
N(2)-C(B)-N(5) 
N(5)-C(8)-C(7) 

.32(I) 

.21(I) 

.46( I ) 

.41(I) 

.39( I )  

.44( I ) 

.42( I ) 

.40(I) 

.41(!) 

.36(1) 

.55( I ) 

113(I) 
106.9(7) 
121.3(8) 
127.9(9) 
122.6(9) 
127(1) 
123(1) 
116(i) 
124(1) 
104.2(9) 
109.4(8) 
109.3(8) 
118.2(9) 
122.3(9) 
130.9(9) 

O(I).°C(3) 
N( I )-C(4) 
N(2)=C(5) 
N(2)-C(21) 
N(3)-C(6) 
N(4)-C(7) 
N(5)-C(8) 
C(I)-C(2) 
C(4)--C(5) 
C(6)-C(7) 

C(4)-N(I)-C(I 1) 
C(5)-N(2)=C(21) 
C(I )-N(3)-C(6) 
C(6)-N(3)-C(31) 
C(8)-N(5)-C(51) 
N(3)-C( I )-C(4) 
O(I)=C(2)-O(2) 
O(2)=C(2)-C(I) 
N( I )-C(4)=C(5) 
N(2)-C(5)-C(4) 
N(3)-C(6)-C(7) 
N(4)-C(7)-C(6) 
C(6)-C(7)-C(8) 
N(2)-C(8)-C(7) 

1.48(I) 
1,39(1) 
1,41(I) 
1.47(1) 
1.38(I) 
1,28(1) 
1,25(I) 
1.45(I) 
1,40(I) 
1.45( 1 ) 

120.2(9) 
125.8(8) 
105.8(8) 
123.4(8) 
124.4(8) 
I 10.3(9) 
123(I) 
122(I) 
132(I) 
137.1(9) 
141.3(9) 
138(I) 
103.0(8) 
105.8(8) 
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L ,NR (CI) L:-" . . . .  :.>:,C: 
,'" ~ o / / "  \ N - - R  

L CHC(O)Me 

2 

R = 2,6-Me~CsHa, L = RNC 

Fig, ~., A possible structure of 3. 

to terminal isoeyanide groups, three singlets having a 6 
intensity ratio, to inserted isocyanide groups and that at 
8 1.93 to an acetyl group. 

3.2. Reaction of Co2(XylNC)s with methyl monochloro- 
acetate 

A mixture of Co:(XyINC)s, XylNC and CICH 2- 
COOMe was refluxed in benzene and the mixture was 
chromatographed on silica gel to give two compounds, 
formulated as (XylNC)~(CH~COOMe) 4 (red crystals) 
and (XylNC)~(CHCOOMe) $ (reddish orange) from the 
mass spectra. The infrared spectrum of 4 showed a baud 
due to the NH stretching frequency at 3400 era-I and 

four bands due to C=O,  C=C and C = N  groups at 
1585-1678 c m - ' .  The ~H NMR spectrum showed four 
singlets at ~ 1.75, 2.05, 2.18 and 2.32 ppm due to 
o-methyl protons, a singlet at 3.60 due to the methoxy- 
carbonyl group as well as an olefinic proton (B 4.81 
ppm) and NH protons (at B 4.31 and 9.23 ppm). The 
electronic spectrum is in close agreement with that of 1. 
These spectroscopic data suggest the structure to be 
similar to that of I (Fig. 2). The intramolecular O - - .  H 
hydrogen-bonding is assumed to exist on the basis of 
the similarity of chemical shifts of the H(N) protons to 
1. 

The structure of 5 was confirmed by X-ray analysis 
(Fig. 3). The molecule consists of a condensed structure 
of two five-membered heterocyclic rings, 2,6-di(N,N'- 
2',6'-xylyl)-3,4-di(N-2',6'-xylylimino)-7-methoxycarbon- 
yl-8-(2',6'-xylylamino)-2,6-diaza-bicyclo[3,3,0]octa- 
1,7-diene. Fused five-membered hetero-ring compounds 
have also been observed in the successive insertion 
reaction of isocyanides into a Pd-H bond [13]. Dihedral 
angles between the hetero-bicyclic ring and xylyl groups 
are in the range 71-  ! 10 ° because of release of the steric 
repulsive interaction. The C(7)-N(4) (I.28(I) ~,) and 
C(8)-N(5) (I.25(I)/~,) bond lengths are shorter by ca. 
O. 13 ,~, than the C(4)-N(i)  bond length ( 1.39(I) A). 
The former bond lengths fall in the range of the C-N  

CH~,C(O)Mo GHC(O)Me 
, l i  

Oo~(RNO}t CIOH~OR_' LnCICo.CH~COR ='4," LnCICOyCH=COR' ~ [Co N-R [Go] . y ~ N = R  

,N~N, ~ [ C  r ,N . .~--:-_ .... 

(A) 

R 

l ~ h . . N ~  N (OH 

R" N M 

R ' H 

, .N , . /  l " '~vn 
[CO] H ~ N  

R ~N "R 
(C) 

HoN.FI R 

R H 

R.N.H R 
1 (r~Me), 4 (~'=OMe) 

NR NR NR 
l = 

R, N 'R R' 

N, R Ft 

R H'NoR 

R N ~  R" 

N" R }t 

S (R'=OMo) 

R H R ~, 

(B) 

1 
R ., . .R 

H.CN.R R 

l 
R, H'-NOR 

"N-K II ")--~ 
icol d o 

N. R ~ R 

Scheme I, Possible formation of heterocy¢lic organic compounds and metallacyclic complex. 
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~ C 3  

C33 C,38 C ~  2 O2 

(234 ~/'-~ C32 C31 ~ ~ C 1 7  

~L f"~C27 ,.,to ~C14 

S :s c2, 
C55 C56 

C54 

Fig. 3. Molecular structure of S.C6H 6. 

double bond and the latter in the range of a C-N single 
bond. The C(5)-C(6) bond length is shorter at 1.36(I) 
~. than the single C(7)-C(8) bond length (I.55(I) ,~,) 
and is in agreement with the C-C double bond. Other 
C(!)-C(4), C(4)-C(5) and C(6)-C(7) bond lengths are 
in the range !.41 to !.45 A, shorter than the C(7)-C(8) 
bond length. From the demands of the electronic struc- 
ture, the C(I)-C(4) bond is assumed to be a double 
bond. The infrared spectrum showed a band at 3346 
cm.O t due to the N~ti stretching frequency. The ~!ol 
NMR spectrum showed six singlets in the methyl region 
at ~ 1.62, 1,89, 2.01, 2.05, 2.24 ard 3.44 ppm: the last 
one is assigned to the OMe protons. The singlet due to 
the Nil group appeared at ~ 7/t6 ppm. 

A variety of possible routes is considered with regard 
to the aforementioned reactions. On the basis of com- 
pounds obtained, a possible path is depicted in Scheme 
!. An oxidative addition of a chloroocompound to 
Co,(XylNC)8 initially occurred, followed by successive 
insertion of five or four isocyanide molecules to give a 
six-membered intermediate (A or B) with N-coordina- 
tion. The five-membered ring intermediate C was formed 
by isomerization of keto-enol type and nueleophilic 
attack of the coordinated nitrogen atom to the a-imino 
carbon. Finally complex I or 4 was generated by addi- 
tion of hydrogen. In contrast, the intermediate species D 
was formed by a nucleophilic attack to a 'v-imino 
nitrogen via imino-enamine isomerization [14.15]. 
Then, the reaction led to the formation of $ through the 
transfer and elimination of hydrogen. 

The carbene intermediate was formed via nucle- 
ophilic attack of the et-imino nitrogen on the coordi- 
nated isocyanide, followed by elimination of hydrogen 
to give the four-membered metallacycle 2. 

Reactions of dicobalt octaisocyanide with alkyl (con- 

raining carbonyl or ester group) halides were mainly 
classified into three categories: (l) in the reaction with 
benzyl bromide, the coupling reaction of bisimino aikyl 
groups occurred after the double insertion of iso- 
cyanides [4]; (2) in the reaction with 2-bromoace- 
tophenone, a nucleophilic attack of the 13-imino nitrogen 
to a coordinated isocyanide carbon occurred to give 
cobaltacycles [8]; and (3) as shown in the present 
reactions, N-coordinated chelating intermediates were 
formed by the normal multiple-insertion, and hereto- 
cyclic compounds were isolated through nucleophilic 
attack of the coordinated nitrogen to the sp 2 carbon 
atom (a-carbon atom) of inserted isocyanides. 

The electron withdrawing ability of the functional 
groups decreases in the order CH 2COPh > CH 2COCH 
> CH~COOCH 3 > CH2Ph. Complexes oantaining the 
carbonyi or alkoxycarbonyl group appear to contribute 
more to the stability of the polyimino groups than those 
containing the benzyl group. This stability results in the 
coordination of the imino nitrogen to the cobalt atom 
[16], probably suggesting the contribution of a back- 
bonding interaction from the metal to the C=N double 
bond. A trend was observed of the substrate with high 
electron withdrawing group favoring category (2), the 
substrate with low electron withdrawing group leading 
to cleavage of a cobalt-carbon bond before occurrence 
of the cyclization reaction (category (1)), and the 
medium substrate prefering the category (3). The differ- 
ent reactivities may be related to the delic~tte electronic 
effect, but the details remain unknown. 

A listing of additional bond dist:mces, 1L~nd angles. 
thermal parameters, and tables of observed and calcuo 
htted structure factors is available from the authors. 
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