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Table I 
Coordinates and thermal pammeters of 1 -CIKO)~ 

Table 2 
Bond distances (A) and angles (“) for I-Cr(CO), 

Cl5 
015 
Cl6 
016 
a7 
017 
Cl 
ct 
C3 
C4 
65 
C6 
C7 

: 
Cl0 
Cll 
Cl2 

:t3 
Cl4 

0.1913(2) 
0.1522(2) 
0.154%2) 
O.OQ19(2) 
0.1652(2) 
0.1081(2) 
0.3591(2) 
O/4617(2) 
0.4702(3) 
0,3740(3) 
0273px3) 
0.2622(2) 
0.371 l(2) 
0.377(u2) 
0.3974t2) 
0.407ti2) 
0.399X2) 
0.3812(2) 
0.36X3(2) 
0.3547(2) 
0,338ti4) 

0.3040(3) 
0.403X2) 
0.1164(3) 
0.0978(2) 
0.0660(3) 
0.0161(31 

-0.1090(2) 
- 0.1928(3) 
- 0.2917(3) 
- 0.3797(3) 
- 0.2982(3) 
-O,lQQ7(3) 
- 0.002312) 
-0.OolW3) 

0.11X3(3) 
0.234913) 
0,237QI3) 
0.1183(2) 
0.101 l(2) 

- 6).0228(3) 
- 0.07W 4) 

0.3141(I) 342(l) 
0.3370(2) 455(9) 
0.3518(2) 690(g) 
0.1935(2) 443(9) 
0. I 187(2) 707(9) 
0.40xX2) 48% 10) 
0.4571(2) 807( 10) 
O.l705l2, 3450) 
0.1760(3) 46% IO) 
0.2714(3) 538(11) 
0.2643(3) 601( 12) 
0.2657(3) 52till) 
0.17~33 429(9) 
0.2587(2) 330(7) 
0.375%2) 394(K) 
0.4344(3) 481( IO) 
O-3763(3) 525(11) 
0.257%3) 468( 101 
0.2cxM2) 376W 
0.0830(2) 452(S) 
0.0657(2) 414(Q) 

- 0>049H(f) 65314) 

reduction product 2’-mcthyIspirg[cyclshexanc- 1.3’- 
(2.3’ Mihydroindalr], while complex l-CdCOJ \ wus 
not detecled. 

Q-Cl5 
Cr-Cl6 
Cr-Cl7 
Cr-C7 
Cr-C8 
Cr-C9 
Cr-Cl0 
Cr-Cl1 
Cr-Cl2 
Cr-CO 
as-015 
Cl6-016 
Cl7-017 
Cl-62 
Cl -a 

Cl5-Cr-Cl6 
C15-Cr-Cl7 
C16-Cr-Cl7 
Cr-Cl5-015 
cr-Cl&016 
Cr-Cl7-017 
CY-Cl-Cl3 
a-cl-cl3 
C6-Cl-C7 
c-a -Cl 3 
C2-Cl -C7 
C2-Cl -C6 
Cl ,-CZ-C3 
CZ-C3-C4 
C3 j C4-C5 
C4- CS-Cc, 

1 X45(3) 
I .837(3) 
1.83 l(3) 
2.259(2) 
2.231(3) 
2.203(3) 
2.202(3) 
2.237(3) 
2.235(3) 
1.128(l) 
l.l49(4) 
1.15013) 
1.149(4) 
I S%%(4) 
1.541~4~ 

S&8( I) 
89.3( I ) 
88.0( I 1 

I79.6(3) 
I79.3I3) 
I79.J3) 
98.W3 

Il2.7(2) 
116.X(2) 
107.6(2) 
I WK?) 
109.9t2~ 
112xX2) 
I Il.2(3) 
I10.$(3) 
I I I.ZI.31 

Cl-C7 
Cl-Cl3 
C2-C3 
c3-c4 
c4-c5 
c5-C6 
C7-C8 
c7-Cl2 
a-CQ 
CQ-Cl0 
CIO-Cl I 
Cll-c12 
Cl2-NI 
Nl-Cl3 
Cl3-Cl4 

Cl -C6-CS 
CLc7-Cl2 
Cl -c7-C8 
CI-CJ-Cl2 
c7-C&C9 
a-CB-Cl0 
co-CIO-Cl I 
CIO-Cl I-Cl? 
c7-Cl2-Cl I 
Cll-C12-NI 
C7-Cl2-NI 
CI2-NI-Cl.1 
Cl-Cl3-h’l 
NI-Cl%Cl4 
Cl ~(‘13-%‘13 

1.513(3) 
I .52X(4) 
l.SlW) 
I .513(5) 
I S25W 
1.519(4) 
1.397(4) 
I .423(4) 
I .4l S(4) 
I .390(4I 
1.4lOW 
I .396(4) 
1.4144) 
I X8(4) 
I .487(4) 

I 12.612) 
106.7(23 
I34.0(2) 
Il9.2(2) 
Il9.2(2) 
I20.7(3) 
i21.1(3) 
Il7.9c3) 
121.9(2) 
I26.2W 
I Ii.9(2, 
lO6.3(2) 
I l6.lW 
121.5(3) 
lXM2) 

(‘If, 

Fig. I. WIW [6] view of Wc mokcule. Thcrmrl ellipsoids arc shown 
at the 3Oc;E pr~bubility Icvel. 
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2.2. CrtCO)3 nroiefy 

The configuration of the tcicarbonyl group with re- 
spect to the benzene ring was found to be between 
stapgered and eclipsed with the carbor~yl groups being 
located near C8, CIO, and C12, Fig. 2. The a-bond 
distances Cr-CO are 1.83 l(3), 1.837(3), and I .845(3) i 
for Cl 7, Cl 6 s;d Cl 5 respectively, while the C-O 
bonds are 1.15 A. The bond angles C-Cr-C for the 
Cr(CO), group range from 88.0( 1) to 89.3( 1 Y. The 
Cr-arene bond distances are of three types: Cr-C9 and 
Cr-C IO 2.20 A, Cr-C8, Cr-Cl 1 and Cr-C 12 2.23-2.24 
A, while the enlargement Cr-C7 2.26 8, is probably due 
to the sterical hindrance of the spiranic substituent. In 
the solid state mono- and disubstituted benzene- 
Cr(CO), complexes have a tendency to adopt the 
eclipsed conformation, unless strong steric effects are 
involved [7]. 

6.3. htiiolettim ring 

The bond distances in the benzene ring show normal 
values (ranging from I .39ti4) to 1.423(4) A). Remark- 
able in the pyrroline ring are the Nl b?nd distances 
C12-NI 1.414(4) and NI=CJ 1.288(4) A, the latter is 
larger than the normal values (similar C=N bonds range 
from 1.26- 1.27 w [a]), due to the withdrawing eles- 
tronic effect of the CIICQ), group in the complex. 
Bond angles in the pcntngonal ring are: in N I, Cl 2- 
NI-Cl3 IO6XV, and in Cl% Nl-Cl3-*Cl Il6.1(2P, 
N I -C 13-C I4 I2 I .5(.4)“. Carbon rUms in the benzene 
ring are ooph~nar with CH at 0.08(3) A in the maximum 
deviation tcrwtnrls the 0, while NI and Cl deviate 

- O.Q94(2) w away from the Cl 
atom respectively. 

The pyrroline ring is virtually Ianar with Cl in the 
maximum deviation, -0.029(2) % , away from the Cr 
atom. The dihedral angle between the two benzene and 
pyrroline rings is 2.4 1 Y. 

The spirocyclohexane ring is in a chair conformation, 
and is nearly perpendicular to the indoline plane 
(96.5( I )o), with interesting structural facts around Cl:(u) 
bond distances Cl-C2 and Cl-C6 I .S56(4) and 
1.541(4) w respectively, which are larger than the nor- 

016 

17 

Fig. 2. Projection of CdCO)3 on the benzene ring plane. 

ma1 values in contrast with the remaining bond dis- 
tances in the cyclohexane ring; (b) the bond angle 
C7-Cl -Cl 3 98.8(2)” is the shortest in the pyrroline 
ring. 

The contacts between molecules are of the order of 
van der Waals radii. 

2.4. Reactivity qf 2’-tttethylspirolcyciohexatte-I ,3’-Ski- 
ittdolel chrontirtnt tricarhortyl I 

‘The IWCtiVity of 2’~methylspiro derivative complex 
I-X%CO), has been nnalyssd with Grignard reagents in 
the presence of cuprous chloride, but unfortunately un- 
der these conditions the complex was destrayed. In the 
absence of cuprous chloride but with excess methyl- 
magnesium iodide in diethyl ether (or THF) the com- 
plex was partiully destroyed, but in the reaction mixture 
NMR detected two singlets at 1.20 rend I.25 ppm as- 
signed to the addition product in very Isw yield (10% 
by NMK), which could not be isolated purely. More- 
over, the 2’-ethyl derivative product, which is obtained 
from methyl insertion on the 2’-position (in the same 
reaction from free 2’-methyl derivative 1) was not ds- 
tected in the reaction mixture. 

However, the reaction of the l-CdCO), complex 
with aluminum lithium hydride in THF gave the reduc- 
tion products in high yield (90%). Two stable isomers 

l-Cr(CO)l 

Scheme I. 



were isolated by silica gel column chromatogmphy, in 
the relation 62: 38, corresponding to attack of the hy- 
dride by the opposite face to the chromium carbonyl 
!&and 3 (endo) or by the same one 2 (exe) respectivtily 
(Scheme I h 

me main endo-isomer shows the methyl and 
chromium tricarbonyl groups at the same face, and this 
relative position of the groups is observed in the NMR 
as a deshielding of the methyl in 2’qosition (at 1.37 
ppm), while the minor isomer (endo) shows the methyl 
and chromium tricarbny! in the opposite face, with 
NMR giving the methyl group at 1.22 ppm (since 
protons located in the same plane with the Cr(CO), 
moiety are known to shift to lower field [9]). 

A characteristic feature of Cr(CO),($-indoline) 
complexes, useful for rapid identification, is the pres- 
ence in solution of two CO intense IR bands. In com- 
plexes 2 and 3 the CO band appears at 1935 and 1930 
cm-’ and at 1830 and 1845 cm-’ respectively for endo 
3 and exo 2 isomers. 

On the basis of local C3v symmetry for tile Ct(CQ), 
group, these bands have ken assigned to a non-degen- 
erate symmetric vibration (A I) and a doubly-degenerate 
asymmetric vibration (E) [IO], 

Finally, complexes 2 and 3 were destroyed with an 
iodine solution in tetrachloromethane to obtain the same 
!Iee molecular compound in quantitative yields. 

were determined using a Rcichcrt 
;tnd ure uncorrected, fnfrsrt~! spectra 
in8 u Berkin~Blmer QNI spctrophe- 

tometer, Nualear magnetic tQsonanc0 s 
rded at MHz using a Bruker W 
trometer, mica1 shifts are given in $ 

8s mtemal reference. Chemical shifts are given relative 
mal tetremethylsilane. Mass q~ctra were nzeorded 
a Hewlett~~a~k~ St”85 spectrometer. Elemental 

with a LECO CHN-600. 

system [5], previously flamed 
nd coveted from sunlight, was 
Ispin$eyclohexane- I ,3”-3II-in- 
c/‘I’kiT: 5 : I, To this mixture 

w!qY added 2.07 g (9.4 mm& of chromium haxocar- 
bot~l. UK! thn the mixture was warmed at intense 
&‘lux teqerature (bath at t40°C) for four days. The 
mixture was cooled under argon atmosphere and filtered 
to eliminate the chromium salts. The solvent was then 
amoved and t!te orange solid teqstailized from hex- 

ane. The $-complex ~-CI$CO), was obtained as a 
stable orange solid, m.p. 124-125’C, I .84 g, 73% yield. 

LR (KBr): 1945, 1855 (CEO); 1590 (C=N); 1550 
(Ar); 665 and 620 (ArH). 

‘H-NMR (CDCl,): 1.2-1.9 (m, !OH, (CH,),); 2.30 
(s, 3H. CH,-2’); 4.87 (t, lH, .I = 6.3 Hz, H-5’); 5.56 (t, 
lH, J = 6.4 Hz, H-6’); 5.68 (d, lH, J = 6.1 Hz, H-7’); 
6.23 (d, !H, J = 6.2 Hz, H-4’). 

13C-NMR (CDCI,): 16.7 (CH,-2’); 21.2 (C-3, C-5); 
24.6 (C-4); 32.8 and 35.0 (C-6 and C-2); 58.8 (C-3’); 
83.3 (C-7’); 84.7 (C-4’); 93.9 (C-6’); 94.9 (C-5’); 114.8 
(C-4’a); 131.2 (C-7’a); 193.6 (C-2’); 217. t (CO). 

Anal. Found: C, 60.55: H, 5.47: N, 4.33. 
C,,H,,NO,Cr Calc.: C, 60.89; H, 5.11; N, 4.18%. 

In a round-bottomed flask, previously flamed and in 
argon atmosphere, was placed I37 mg (3.6 mmo!) of 
H,A!Li in 3 ml of dry THF. The bottom was covered 
from sunlight and a solution of 200 mg (0.6 mmo!) of 
l-Cr(CO), in 6 ml of dry THF was added. After 2 h at 
room temperature, the mixture was hydrotysed with IO 
ml of THF/H$I I : I, and extracted with diethy! ether. 
The organic tayer was dried over anhydrous magnesium 
sulfate. The desecant was then filtered and the solvent 
evaporated to give an orange oit, which was purified by 

column chromatography using hexane/THF 
a, compounds were isolated and identified as 

the isomers endo~~6-(2’~methyIspi~cyctohsxtme- I .3’- 
(2’,3’b-dihydrt3indrslcg chromium tricarbonyl (3, stable 
yellow solid, m.p. t 49- t 91°C, t I3 mg, 56 
ex~~~~~~(2’~rnethylspiro~~~~l~t~ex~~n~~ I ,3’- 
droindate] ehmmium triearhonyl (2, yclte 
l34- I36Y.Z 69 mg, 34% yield). 

IR (KBr): 3380 (NH); 1935; I855 and I830 (C-01; 
1545 (ArH); 670,620 (ArH). 

‘H-NMR ( -4,: 1.37 (d, 3H, J = 6.5 Hz, 
CM ,-%‘I; I .3- 
6.5 Ha, H-2’); 

tOH, (CH,),); 3.81 (e, IH. .I- 
6.5 Hz, H-5’); 5.06 (d, 

5.7 Hz. H-7’); 5.38 (br s, NH); 5.62 (t, IN. 
Hz, H-6’): 5.77 (d, IN, .I . t Hz, H-4’). 

,?nat. Found: C. 60. t9; H, 6.02; N, 4.35. 
C,,P!,,NO,Cr Calc.: C, 60.53; !I, 5.68: N, 4.15%. 

IR VilmI: 3380 (NH); 1930, 1880 and 1845 (C=O): 
1550 (ArH); 670 and 620 (ArEIb. 

‘H-NMR (acetone-$): I.22 (d, 3H. J = 6.5 Hz, 
CH,-2’); 1.3-2.1 (m, IOH, (C!-!,),); 3.45 (c. IN, J- 
6.5 Hz, H-2”): 4.88 (t, IH, ./ = 6.5 Hz, H-5’); 5.03 Cd, 
IH, J = 5.7 Hz, H-7’); 5.52 (br s, IH, NH); 5.70 (t, IH, 
J = 6. I Hz, H-6’); 6. I5 Cd, I H. S = 6. I Hz, H-4’). 



Anal. Found: C. 60.37; H, 5.92; N, 4.29. 
C,,H,,NO,Cr Calc.: C. 60.53; H, 5.68; N, 4.15%. 

3.3. X-ray analysis of the 1 -Cr!‘C0& complex 

Crystals of 1-CfiCO), of composition C ,7H ,7 NO,0 
were grown from an ethyl acetate solution. 

A yellow crystal of 0.38 X 0.32 X 0.21 mm3 was 
used for X-ray shucture determination. 96 reflections up 
to 28 = 61” were measured on a Philips PW 1100 
diffractometer for the refinement of the lattice con- 
stants. 

These crystals are monoclinic and belong to the 
space group P2 ,/a. Accurate cell constants yere a = 
12.736(l), b = 10.188(l), c = 11.984(l) A, $l = 
96.497(S)“, V = 1545.0(l) Bi’. Z = 4, Q, = 1.442(3) g 
cme3, M = 335.32, F(OO0) = 696, p = 7.516(4) cm-‘. 
Intensities were collected in 0-20 scan mode using MO 
K cy (A = 0.7107 A) radiation with a graphite 
monochromator(-16<h< 16;O<k< 13;O<l< 15) 
up to 8 = 25O. Two reference reflections after every 90 
min showed negligible variation. From 2721 reflections 
measured, 2410 were considered observed with the 
I > 30( 1) criterion. 

The structure was solved by direct methods (SIR92) 
[I I] and difference Fourier techniques; no absorption 
correction was applied (p = 7.516 cm-‘). All calcula- 
tions were carried out with the program XRAYBO [ 121 on 
a VAX 6410 computer. The structure was refined using 
full-matrix least-squares, All non-H atoms were refined 
with anisolropic thermal parameters. I-I-atoms were 
found in the difference Fourier map tend refined isatrsp- 
ictrlly. The rcfincmcnt converged ut R = 0.033. All the 
geometric calculations were pcrformcd with the pro- 
yram PAR~=P [I.?]; scarkring fWars and rmomdous dis- 
persion were taken from the htcrrnational ‘Ibhkes $w 
X-my Crystallogmphy [ t 41. 
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