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Abstract 

The dinuclear complexes [(C0)&k&-RC2R’)Co(CO)s] (R= R’= CF,, C,Fs, C,Hs or Me; R= H, R’= CFJ react with 
[CpQ(CO)J in reflting octane to afford tetranuclear complexes [Co,Cp,(CO)&COX~-RC,R’)I (2) in good yield; these 
tetracobalt clusters have been characterised by spectroscopic methods. Thermolysis of [CO&JPJCO)@C~R’)I (2) and of the 
related substituted complexes [Co,Cp,(CO),_J~-COXPPhzH),(CF&CFJ)] results mainly in the 10~s of carbony and the 
formation of trinuclear clusters [CQ,C~~(~~-COXCL~-~*-RC~R’)I (3) and [Co,Cp,(CO)2(~--PPh,X~L~,-CF,C2CF,)I (7), respec- 
tively. The conversion of clusters 3 and 7 into dialkylidyne complexes has been examined. The spectroscopic data for the new 
complexes are discussed and mechanisms proposed to account for their formation. 
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1. Introduction 

The design of homonuclear and heteronuclear clus- 
ters can be viewed in several ways [2]. One that we 
have developed [3] involves the use of metal com- 
pounds as ligands added to other complexes. We have 
shown that the course of the reaction between two 
dissimilar dinuclear alkyne complexes is strongly de- 
pendent on the substituents in the alkyne: close ‘M,C,’ 
octahedra are favoured with polar symmetrical 
acetylenes such as hexafluorobut-2-yne and dimethyl 
acetylenedicarboxylate, whereas p4-q2-vinylidene te- 
tranuclear clusters are generally formed when terminal 
acetylenes are used [3]. To check substituent effects, 
we have extended our study of these reactions to some 
additional symmetrical alkynes plus terminal alkynes. 
This work is described here, together with the thermal 
decomposition reactions of the tetranuclear complexes 
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[Co&p,-(CO),_,L,(RC,R’)] (L = PPh,H; n = 0, 1 or 
2) (R = R’ = CF,, C,F,, C,H, or Me; R = H, R’ = CF,) 
which are formed in the above reactions. We have 
shown that heating these tetracobalt compounds in- 
duces cluster contraction to give trinuclear species, and 
sometimes subsequent alkyne scission. Cleavage of an 
alkyne takes place mainly on trimetallic frameworks 
[4], although scission of alkynes coordinated to tetranu- 
clear complexes has been reported [3,5]. The structural 
requirements for alkyne C-C bond cleavage in 
trimetallic complexes have been amply discussed [4d,f] 
but no firm conclusions have been drawn so far. We 
report here some results concerning the influence of 
metal atoms in tetranuclear clusters on alkyne scission. 

2. Results and structural aspects 

2.1. Synthesis and charactetiation of [Co,Cp,(CO),(p- _ 
CO) CRC, R’)] 

The reaction between [(CO),Co(cl-RC,R’)Co(CO),J 
(I) (R = K = CF,, C,F,, C,H, or Me; R = H, R’ = 
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CF,) and [Cpco(CO),l in either refluxing octane or 
refluxing hexane provides a simple method for the 
synthesis of tetranuclear alkyne clusters [Co,Cp,(CO),- 
(RC,R’)I (2) in high yield, together with small amounts 
of separable decomposition products [eqn. (l)]. 

The tetrametallic alkyne clusters 2 are black-purple 
solids, soluble in hydrocarbon solvents, and not partic- 
ularly air-sensitive. The mass, IR and NMR data of 
26-e (see Table 1, and Experimental details) show that 
they are isostructural with complex 2a prepared previ- 
ously by another route, whose structure was deter- 
mined by X-ray diffraction [61. Hence, we propose a 
structure for 26-e which is related to 2a [eqn. (l)]. 

The 19F NMR spectrum of 2a shows two resonances 
at low temperature, but above 278 IS the two CF, 
signals coalesce as a consequence of rapid rotation 
about the axis which is perpendicular to the C-C bond. 
Such a rotation is hindered in 2b and 2c as the two 
resonances of the C,F, (19F NMR) and C,H, (‘H 
NMR) groups bound to the carbon atoms of the alkyne 
do not collapse even at 393 K. This is merely a conse- 
quence of the crowding of these substituents on the 
alkyne. The ‘H NMR spectrum of 2d at room tempera- 
ture shows a four-line pattern attributable to two non- 
equivalent cyclopentadienyl and methyl groups. No 
temperature-dependence was observed up to 393 K, 
which rules out rotation of the alkyne in 2d. This 
cannot be explained as a result of the steric effects of 
the methyl groups, but indicates that the high 
electron-donating ability of CH, strengthens the 
cobalt-alkyne bonds in 2d and so prevents the rotation 
of the alkyne. In the trifluoropropyne complex 2e, 
there are two possible isomers corresponding to the 
two possible positions for the bridging CF,C?F. 
Throughout the temperature range 173-298 K the F 

[(CO),~O(CL-RC,R~)~(CO),] 

(1) 

+ 
A 

NMR spectrum consisted of only one singlet. This may 
be interpreted either (i) as being due to the existence 
of a preferred isomer in solution or (ii) as a conse- 
quence of the rapid rotation of the alkyne about an 
axis perpendicular to the C-C bond: the conversion of 
one isomer to another might occur below 173 K due to 
the lack of crowding of the CF, and H groups com- 
pared to that of two CF,, C,F, and C,H, groups in 2a, 
2b and 2c, respectively. 

Reactions (1) also resulted in two other trimetallic 
products, when the substituents on the alkyne in 1 
were C,F, or C,H,. These products were formulated 
as [Co,Cp,(COXRC,R’)l (3) and [Co,Cp,(CRXCR’)I 
(4). They were formed by thermal decomposition of 2 
(see below). When reaction (1) was performed with 
[(C0)3CO(~-CF3C2H)CO(C0)31, an organic compound 
5 (yield, 15%) was also obtained, together with the 
organometallic complexes 2e and 3e. The nature of 5 
was established via its mass spectrum, which exhibits a 
parent peak at m/z 254 with an initial loss of carbonyl 
readily observable as a peak at m/z 226. The poly- 
cyclic structure shown for 5 is based on the composi- 
tion and supported by IR, ‘H and 19F NMR data, and 
by analogy with the structure of organic compounds 
obtained by cycloaddition reactions of alkynes and 
alkenes promoted by [CpCo(CO),l [71. 
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[C~,CP,(CO)~(RC,R’)] L 

(2) 

[R=R’=cF, (2a), 

Cd3 (2b)T CA (241 

(2) 

R = R’ = CF, (3a) [ 2%] 

R = R’ = C,F, (3b) [17%] 

R = R’ = CF, (4a) [2.5%] 

R = R’ = C,F, (4b) [24%] 

R = R’ = C6H, (4e) [60%] 

2.2. Thermal decomposition reactions of [Co,Cp,(CO),- [4i,7a], and the configurations shown in eqn. (2) for the 
(RC,R’)I and [Co,Cp,(CO),_.(PPh,H),(CF,C,CF,)l other complexes have been established by comparison 
(n = 1 or 2) of their spectral data with those of 3a and 4c. 

The thermal decomposition of 2a-c in refluxing 
octane has been studied. The progress of the reaction 
was monitored by ‘H or 19F NMR spectroscopies, 
which showed that 2b and 2c had disappeared after ca. 
4 h and 20 h, respectively, whereas 2a was recovered in 
yields up to 90% after 8 h. The reaction resulted in 
several products which were separated by column chro- 
matography. Some products were neither isolated nor 
characterised, due to their instability or their low yield 
(less than 0.5%). Thermolysis of 2c and chromatogra- 
phy of the products yielded only one complex, 4c, 
formulated as [Co,Cp,(CC,H,),l, whereas thermolysis 
of 2a and 2b gave 3 and 4 [eqn. (2)l. 

Thermolyses of mono- and di-substituted clusters 
[Co,Cp,(CO),_,(PPh,H),(CF,C,CF,)l (2f, n = 1; 2g, 
n = 2) [9] in refluxing toluene (2f) and refluxing octane 
(2g) were also investigated. With 2f, numerous prod- 
ucts were separated from the reaction mixture by chro- 
matography. Six were obtained in sufficient amounts 
for characterisation, and these are shown in eqn. (3a). 
Most of the products were already known, but one, 7, 
is new. Decomposition of 2g appeared to give a cleaner 
reaction and only two products were isolated [eqn. 
(3b)l. 

Complexes 3 and 4 have been fully characterised by 
mass and spectroscopic data. The structure of 4 seems 
similar to that of known CL,-alkylidyne complexes [4,8l. 
Compounds 3a and 4c have been reported previously 

Complex 7 was the major product of these thermal 
decomposition reactions and is formulated as 
[Co,Cp,(CO),(PPh,XCF,C,CF,)] from mass and spec- 
tral data (see Table 1 and Experimental details). Com- 
plex 7 exhibits a parent ion at m/z 710 in its mass 
spectrum and fragment ions corresponding to the suc- 

2a (3%) + 3a (10%) + 4a (10%) + 
[Co,Cp,(CO),(PPh,XCF,C,CF,)I (2iX20%) + 

CP + CP 

CF, CF3 

l-co- -co< ‘c; co 

J?d co 

Ph p/ I 
CP 

% 2i(21%) + 7(20%) 7 (20%) 

(3a) 

(3b) 
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cessive loss of two CO molecules. The IR spectrum 
indicates that the two carbonyls are terminal. In the 
NMR spectra, there are resonances for two CF,, and 
two C,H, groups, consistent with the structure de- 
picted in eqn. (3). The application of simple cluster 
electron-counting rules [ 101 implies a niffo-square- 
pyramidal geometry for 7, as expected for a formally 
4%electron species with five vertices and seven skeletal 
electron pairs. This suggests that the diphenylphos- 
phine is edge-bridging. 

3. Discussion 

3.1. Patterns of syntheses of close-octahedral clusters 
The formation of cfoso ‘Co&’ octahedra 2 is inter- 

esting when compared to other reactions we have in- 
vestigated involving [(CO>,cO(ll-RC,~)cOCO),] (1) 
and metal compounds [3]. When the metal compound 
is a dimetal species (e.g., [Cp(CO)fie(p-CO>,fie- 
(CO)Cp] the structure of the clusters depends on the 
substituents in the alkyne in 1. Formation of a close 
octahedron is favoured when polar symmetrical alkynes 
are used. With terminal alkynes, the reaction goes 
mainly to p4-$-vinylidene tetranuclear clusters and no 

co \p 

K /\ 
co 

‘c- - 

/i 

_ .,,Q 
\ 

R’ 
C' 

/‘/O 

A// 

\ 
co 

Y 
0 

CP 

(2) 
R = I? = CF,, C,F,, or C,H, 
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I? 

cp- co- - 

\ 

co-cp 

\co// 
&+p 

A 

(3) 

evidence for tetranuclear clusters is obtained when 
non-polar alkynes are involved [3]. In contrast, when 
monometal compounds are reactants, as we have now 
shown with [CpCo(CO),], the reactions give exclusively 
close-octahedral clusters. We conclude for reactions of 
dimetal species, close-heteronuclear ‘M,M;C, octa- 
hedra are formed when there are only electron- 
withdrawing substituents on the symmetrical alkynes, 
and that for monometal species close-homonuclear 
‘M,C,’ octahedra are obtained whatever the electronic 
or steric effects of the substituents in the alkyne. This 
difference in behaviour may be due (i) to the different 
electronegativities of the metals that are involved in 
the clusters and (ii) to the nuclearity of the metallic 
complex which acts as a ligand towards 1. The influ- 
ence of the electronic factors in these reactions is 
difficult to assess, but they could override the steric 
factors when the two are in competition. 

3.2. Thermolysis of close-octahedra; alkyne scission on 
cluster framework 

The thermal decomposition reactions of the com- 
plexes [Co,Cp,(CO),(RC,R’)I (2a-c) give two trinu- 

-CO A 1 

f\ 
cp- co\7/co-cp 

\ 1 /‘cp 
C 

a 
(4 

Scheme 1. 
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clear clusters 3 and 4, but 4 appears to be derived from stituents are used. Complex 2a 
3. A probable reaction sequence linking 2 and 4 is like complex 2b (R = R’ = 
shown in Scheme 1. Thermal decomposition of the withdrawing substituents in the 

complexes 2 is favoured when alkynes with bulky sub- of the most stable 

>R 

complexes 

(R = R’ = CF,), which 
C6F5) has electron- 
alkyne, is undoubtedly 

2. This 
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factors in the thermal decomposition reactions over- 
ride the electronic factors. 

As far as the mechanism of CL,-carbonyl cluster 
formation (2 --) 3) is concerned, a question remains as 
to how the trinuclear ‘Cp3C03’ core assembles from 
the tetranuclear ‘Co,Cp,(CO),’ unit. One possible re- 
action sequence (Scheme 2) is that which requires the 
formation of the bridging carbonyl complex [CpC&G 
CO)@-RC,R’)CoCp] (6) as an intermediate. Complex 
6 is readily formed by reaction of [(CpCo(CO)),(k-CO)] 
with CO [ll]. The main argument in favour of this is 
the detection of 6 from the therrnolysis of the related 
complex [Co,Cp,(CO),(PPh,HXCF,C,CF,II; heating 
2f at 90°C in toluene gave 6 in high yield (70%). A 
mechanism involving concomitant partial cluster con- 
traction and ligand exchange cannot be ruled out but 
appears less likely, since only products with a ‘Cp3C03’ 
core are formed here. 

Two parallel reaction sequences are formed in the 
thermal decomposition of the monosubstituted cluster 
[Co,Cp,(CO),(PPh,HXCF,C,CF,) (20. The first is 
similar to that observed for the thermolyses of com- 
plexes 2a-c, and gives rise to 3a and then to 4a. The 
second sequence leading to 7 would involve both 
[C~~(~L-CF,C,CF,)~OC~I and ‘HCo(CO),(PPh,Y as 

possible intermediates (Scheme 3). This implies consid- 
erable fragmentation of 2f as shown in Scheme 3. One 
of the main products of the thermal decomposition of 
2f contains PPh, (2i) which is quite unexpected. One 
possible way to obtain 2i would be the replacement of 
PPh,H with PPh,, which is formed by the reaction of 
PPh, with Ph, which are fragments of the partial 
decomposition of 2f (Scheme 3). Heating 2f in THF 
with an excess of PPh, does not confirm such a se- 
quence, however, since 2i was obtained in this reaction 
in the same yield as in the thermal decomposition of 2f 
without triphenylphosphine. Hence it appears that 2i 
results from 2f by replacing Ph by H in PPh,H. 

Thermal decarbonylation of complexes 3a-c results 
in alkyne cleavage to form the bisccarbyne) clusters 
4a-c. The structural requirements for a&me-bond 
cleavage in trinuclear complexes has been discussed 
before [4d,fl. On the basis of experimental and theoret- 
ical arguments, and a study of the pyrolysis of rhodium 
and iridium complexes [Cp,M,(COXC,R,)I, Shapley 
and Hoffmann [4fl have postulated that carbonyl lig- 
ands in related systems reduce the barrier to alkyne 
cleavage. However, Vollhardt et al. [4d] demonstrated 
subsequently that an additional ligand in the cyclopen- 
tadienyl alkyne clusters of the cobalt triad is not a 

cp-Co= Co-cp 

+ “HCo(CO),(PPh,)“+ Co(CO), + Ph + H + . - * 

cp-Co =Co-cp 
+ “HCoKO),(PPh,)” 
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Scheme 3. 
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requirement for bis(carbyne) cluster generation. Our 
results accord with this. Although no evidence for an 
unsaturated species was found in our experiments, we 
assume that the more likely reaction sequence for the 
thermal conversion of 3a-c to 4a-c is that which 
requires the formation of intermediate ‘8’ (Scheme 4). 

Thermal decompositions of the cfoso-homotetra- 
nuclear ‘Co& octahedra observed in our studies 
contrast sharply with the behaviour of the closo-het- 
eronuclear octahedra ‘Co2Fe2C2’ that we reported re- 
cently [3]. Thermolyses of mixed clusters give rise to 
bisccarbyne) ‘Co,Fe,’ complexes, demonstrating that 
cleavage of GC bonds in octahedral clusters involves 
strongly r-acid substituents at the hinge metal atoms, 
as occurs with the FeCp groups in the heteronuclear 
complexes [Co,Fe,Cp,(CO>,(RC,R’)1[31 which exhibit 
a better a-back-bonding capacity than the Co(CO>, 
groups in [Co,Cp,(CO),(RC,R’)J (2a-c). Hence, alkyne 
scission involving homotetranuclear ‘Co,C,’ clusters 
cannot occur without previous fragmentation of the 
metal framework. 

4. Experimental details 

4.1. General procedures 
Reactions were performed under dinitrogen using 

standard Schlenk techniques, the solvents being deoxy- 
genated and dried by standard methods. Literature 
methods were used for the preparation of [(CO>,Co(~- 
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/‘Co 

Cp-co\ / 
co 

‘cp 

I 
CP 
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RC,R’)Co(CO),] [12]. All other reagents were com- 
mercial and were used as obtained. 

IR spectra were obtained with a Perkin-Elmer 1430 
spectrophotometer in dichloromethane solutions in the 
v(C0) region. Mass spectra were measured on a 
GC/MS Hewlett-Packard 5995C instrument fitted with 
a Direct Introduction Probe. NMR spectra were 
recorded on either JEOL FXlOO or Bruker AC300 
spectrometers, relative to tetramethylsilane as an inter- 
nal reference (‘H, 13C) or to external CFCl, (r9F). 
Chemical analyses were performed by the Centre de 
Microanalyses du CNRS de Vernaison. 

4.2. Preparation of [Co,Cp,(CO),(RC,R’)] (2b-d) 
In a typical procedure, co. 0.8 g of [(CO),C? 

~0(C0),1 was dissolved in octane (50 ml) and 2 
equiv. of [CpCo(CO),] in octane were added. The 
reaction mixture was heated under reflux for ca. 4 h. 
After evaporation of the solvent in vacua, the residue 
was chromatographed on either silica gel (R = R’ = 
C,F, or Me) or deactivated alumina (R = R’ = C,H,). 
The products were eluted with mixtures of hexane/ 
dichloromethane and thus separated from thermally 
decomposed products. 

Complex 2b (R = R’ = C,F,): eluted with hexane/ 
CH,Cl, (9 : 1) (violet solution) (yield, 45%) and sepa- 
rated from 4b (yield, 16%) eluted with hexane/ CH,Cl, 
(3.5 : 0.5) (red solution) and from 3b (yield, 3%) eluted 
with CH,Cl, (brown solution). Analysis: Calc. for 

(3) (4) 

Scheme 4. 
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Cz9H1&o,F,,,0,: C, 40.3; Co, 27.3; F, 21.9%. Found: 
C, 40.2; Co, 27.0; F, 21.5%. 

Complex 2c (R = R’ = C,H,): eluted with hexane/ 
CHzCl, (8 : 2) (black solution) (yield, 68%) and sepa- 
rated from 4c (yield, 12%) with hexane/CH,Cl, (9 : 1) 
(red solution). Mass spectrum m/z: 684 CM+). Other 
peaks M+- xc0 (x = 1-5). 

Complex 2d (R = R’= Me): eluted with hexane/ 
CH,C1,(7.5 : 2.5) (purple solution) (yield, 40%). Mass 
spectrum m/z: 560 CM+). Other peaks M+-xC0 
(x = l-5). 

4.3. Preparation of [C0,Cp,(CO),(CF,C,H)] (2e) 
Complexes [CpCo(CO),] (1 g, 5.5 X 10m3 mol) and 

[(C0),~(~-CF3C,H>i;lo(C0~,1 (1 g, 2.8 x 1O-3 mol) 
were dissolved in hexane (50 ml). The reaction mixture 
was heated under reflux for 21 h. The solvent was 
removed under vacuum and the residue chro- 
matographed on deactivated alumina. Hexane eluted a 
purple band which gave 0.47 g (30%) of 2e. A second 
band was eluted with hexane/CH,Cl, (9: 1). Removal 
of the solvent under reduced pressure gave a white 
powder which was sublimed to yield white crystals of 5 
(yield, 15%). Further elution with hexane/CH,Cl, 
(8 : 2) gave a brown band yielding 3e (0.02 g, 2%). 

Complex 2e (R = CF,, R’ = H). Mass spectrum m/z: 
600 CM+). Other peaks M+-xC0 (x = l-5); 363 (M+ 
- 5C0 - CoFz). 

Complex 5: Mass spectrum m/z: 254 CM+); 226 
(M+ - CO>. 

4.4. Preparation of [Co,Cp,(CO), _ n(PPhz H),(CF,- 
C,CF,)] (2JI n = 1; 2g, n = 2) 

These complexes were obtained according to a 
method described previously [9]. 

4.5. Thermal decomposition of [Co,Cp,(CO),(RC,R’)/ 
(2a-c) 

(i> An octane (20 ml) solution of complex 2a (0.4 g, 
6 X low4 mol) was heated under reflux for 8 h, after 
which the solvent was removed in vacua. The residue 
was dissolved in CH,Cl,/hexane (1:9) and chro- 
matographed on silica gel. Gradient elution with 
CH,Cl,/hexane (1:9 to 3:7) afforded three major 
bands. The first red band was identified as [Co,Cp,- 
(CCF,),] (4a) (0.008 g, 2.5%). The second purple band 
was collected and the solvent was removed in vacua. 
Recrystallisation from hexane/CH,Cl 2 (9 : 1) afforded 
dark crystals of the starting material 2a (0.36 g, 90%). 
The third band was also collected and the solvent 
removed in vacua. This was identified as 3a (0.006 g, 
2%) from its IR and NMR spectra. Complex 4a: Mass 
spectrum m/z: 534 CM+). 

(ii) In a similar manner to (i) above, thermolysis of 
2b (0.1 g, 1.2 X 10e4 mol) was conducted in refluxing 

octane for 4 h. The solvent was then removed in vacua. 
Chromatography as in (i) afforded [Co,Cp,(CC,F,),] 
(4b) (0.02 g, 24%) and [Co,Cp,(COXC,F&,C,F,l(3b) 
(0.015 g, 17%). Complex 3b: Mass spectrum m/z: 758 
CM+); 730 CM+- CO). Complex 4b: Mass spectrum 
m/z: 730 CM+). 

(iii) The same general procedure was employed for 
the thermolysis of 2c (0.1 g, 1.5 X low4 mol) which was 
heated under reflex in octane for 20 h, after which the 
IR spectrum showed no starting material. The solvent 
was removed from the resulting dark brown solution in 
vacua. The residue was dissolved in CH,Cl,/hexane 
(1:9) and chromatographed. Elution with the same 
solvent mixture gave a red band of [Co,Cp,(CC,H,),l 
(4c) (0.05 g, 60%). 

4.6. Thermal decomposition of [Co,Cp,(CO), _ ,,- 
(PPh,H),(CF,C,CF,)] (2J; n = 1; 2g, n = 2) 

(i) A toluene (20 ml) solution of 2f (0.2 g, 2.4 X lop4 
mol) was heated under reflex for 8 h, after which the 
solvent was removed in vacua. The residue was dis- 
solved in the minimum volume of CH,Cl,/hexane 
(1: 9) and chromatographed on silica gel. Elution with 
the same solvent mixture afforded three major bands, 
which were identified as 4a (0.013 g, lo%), 
[CO,C~,(COXCF,C,CF,)] (6) (0.006 g, 6%) and 2a 
(0.005 g, 3%), respectively. A 1.5: 8.5 mixture of 
CH,Cl,/hexane eluted a brown band which gave 0.035 
g (20%) of dark brown [Co,Cp,(CO),(PPh,)- 
(CF,C,CFJ] (7). Further elution with CH ,Cl ,/hexane 
(3 : 7) gave a dark green band yielding 2i (0.043 g, 20%) 
which was identified by its IR and NMR spectra [9]. 
Finally, CH,Cl, eluted a brown band which, upon 
removal of solvent, gave 0.013 g (10%) of 3a. 

Complex 6: Mass spectrum m/z: 438 CM+); 410 
CM+- CO). IR (CH,Cl,) v(CO) (cm-‘>: 1832 (s). ‘H 
NMR (CDCl,) S: 4.98 (s, lOH, Cp) ppm. 19F NMR 
(CDCl,) 6: - 50.31 (s, 6F) ppm. t3C11H} NMR (CDCl,) 
6: 88.1 (s, C,H,); 126.7 (q, CF,, JC_F = 269 Hz) ppm. 

Complex 7: Mass spectrum m/z: 710 CM+); 682 
(M + - CO); 654 (M + - 2CO); 557 (M+ - 2C0 - CoF,); 
460 (M+- 2C0 - 2CoFz); 415 CM+- 2C0 - C&F,), 
- Ph). 

(ii) In a similar manner to (i) above, thermolysis of 
2g (0.4 g, 4.1 X 10e4 mol) was conducted in refluxing 
octane for 2 h. After this the solvent was removed in 
vacua. Chromatography as in (i) afforded 2i (0.07 g, 
20%) and 7 (0.06 g, 20%). 
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