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Study of allylic rearrangement in 
(bt-H)Os3(bt-O=CNRCH2CH=CH2)(CO)lo (R = H or CH3) clusters 
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The migration of the double bond in the allylcarboxamide ligands of (~t-H)Os3(p.- 
O=CN RCH2C H=CH2)(CO)I0 (R = H (1) or CH 3 (2)), (~- D)Os3(~t- 
O=CNDCH2CH=CH2)(CO)10, and (la-H)Os3(~t-O=CNHCD2CH=CH2)(CO)I0 clusters was 
studied by IH, 2H, and 13C NMR spectroscopy. Neither Ia-D nor ND groups in the 
deuterated complexes are directly involved in prototropic processes of allylic rearrangement. 
Initially, the deuterium atom of the CD 2 group migrates to the y-carbon atom of the allyl 
fragment to form the --CD=CH--CH2D propenyl moiety, in which the deuterium and 
hydrogen atoms are gradually redistributed between the ~,- and [~-carbon atoms. The triosmium 
cluster complexes containing the bridging carboxamide ligands O=CNRR" catalyze the allylic 
rearrangement of N-allylacetamide. Based on the data obtained, the probable scheme of the 
allylic rearrangements in clusters 1 and 2 was proposed. 

Key words: triosmium clusters, isotopic,ally labeled complexes, allylic rearrangement, I H, 
2H, and IzC NMR spectroscopy, catalysis. 

Previously I we reported on the rearrangement of  the 
al lyl ic  f ragment  in the (~t- H)Os3( ~ - 
O=CNRCH2CH=CH2) (CO)Io  (R = H (1) and CH 3 
(2)) clusters, t,z The rearrangement of  cluster 1 was 
found to give cis- and trans-isomers of the cluster 
(p-H)Os3(~t -O=CNHCH=CHCH3)(CO)Io  relative to the 
C=C bond; each of  them exists as 2"- and E-isomers 
relative to the N::C(O) bond. The rearrangement of  2, 
unlike that of  cluster 1, occurs stereospecifically, giving 
trans,Z- and trans, E-isomers of  the (~t-H)Os3(~t- 
O = C N R C H = C H C H 3 ) ( C O ) I o  complex, z The resulting 
pair of  isomers is stable at room temperature or on 
moderate heating, unlike the isomeric clusters formed 
upon the rearrangement of  1, which undergo inter- 
conversion at 20 ~ Unlike the rearrangements of  com- 
plexes of  allylamines and N-allylamides with similar 
structures, which occur only at elevated temperatures 3 - s  
in the presence of  rhodium and iron complexes, 6 the 
rearrangement of  the allylic fragment in ! and 2 pro- 
ceeds at ~20~ Analysis o f  the structure of (g-H)Os3(p- 
O = C N H C H 2 C H = C H 2 ) ( C O ) I o  with the aid of Dreiding 
models indicates that intramolecular  coordination of the 
allylic fragment to one metal atom is imPossible without 
rupture of  the Os- -O or  Os - -C  bond for steric reasons. 
lntermolecular  replacement of  one CO group in the 
cluster by an allylic ligand of  another  molecule to give a 
x-complex able to rearrange at room temperature is also 
unlikely. 

In the present work, we studied the reasons for 
isomerization of the allytic fragment in the (Ia-H)Os3(IJ.- 

O = C N R C H 2 C H = C H 2 ) ( C O ) I  0 clusters (R = H (1), 
Me(2))  under mild condi t ions.  

Results and Discussion 

In view of the discovered allylic rearrangement in 1 
and 2, in this study we analyzed the IR and IH N M R  
spectra of the (~t-H)Os3(~t-NHCH2CH=CH2)(CO)Io,  
(I~-H)M3(II-SCH2CH=CH2)(CO)I0 (M = Os, Ru), and 
(I~-H)Os3(Iz-OCH_~CH=CH2)(CO)I0 clusters prepared 
previously, 7 which conta in  allylic groups in the bridging 
ligands. Analysis of the spectral  data showed that  in 
none of these complexes does  migration of  the double 
bond in the allylic fragment o f  the ligand occur. There-  
fore, the rearrangement o f  clusters 1 and 2 evidently 
cannot  be explained only by electronic effects of  the 
[(~t-H)Os3(~t-O=CNR--)] fragment,  attached to the al-  
lylic group, because a s imi lar  influence of  the corre-  
sponding fragments in o ther  clusters considered should 
be equally significant. 

Experimental data conf i rmed the imPor tan t  role o f  
the N(R)=C=O fragment in the  rearrangement o f  clus- 
ters 1 and 2. It was found that  unless the complexes 
have been isolated from the react ion medium conta in-  
ing an excess of free a l ly lamine ,  the rearrangement does 
not occur even over a per iod of  several months.  In the 
presence of  other amines,  the  rearrangement does not 
occur  either. It was found that  the double bond migra-  
t ion in the allylic groups o f  clusters 1 and 2 is substan- 
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tially retarded in the presence of Br~nsted acids. The 
carbamoyl fragment N(R)=C=O in the bridging ligand 
is the most reactive group in the clusters considered. 
The inhibition of the rearrangement is, apparently, due 
to the interaction of the NH group, containing an active 
hydrogen atom and a lone electron pair, with acids and 
bases. The possibility of protonation of the oxygen atom 
of the bridging ligand also cannot be ruled out. 8 There- 
fore, the participation of hydrogen of the NH group in 
the prototropic processes involved in the rearrangement 
of cluster 1 was verified experimentally. For this pur- 
pose, the (p.-D)Os3(Ix-O=CNDCH~CH=CH2)(CO)I0 
complex, containing deuterium at the nitrogen atom 
and in the metal-containing ring (the initial content of 
deuterium in each position was -85%), was synthesized 
by a known procedure. 9 

It was found that only deuterium contained in the 
ND group is replaced during the rearrangement by 
hydrogen atoms from impurities, which are always present 
in solutions in amounts comparable with the complex 
concentrations (-10 -3 tool L-l). This is indicated by 
the ratio of the integral intensities and splitting of the 
signals corresponding to the propenyl group in the 
IH NMR spectra of the resulting isomeric clusters 
(/~-D)Os30a-O=CNHCH=CHCH3)(CO)I0 . The 13C 
NMR spectrum of the propenyl fragment of this com- 
plex recorded in the INVGATE mode exhibits only 
three singlets, whereas partial deuteration of any carbon 
atom in this radical should change the chemical shift 
and. hence, bring about additional signals. These data 
also indicate that the bridging deuterium atom is not 
involved in the rearrangement. 

In order to study the migration of hydrogen atoms 
within the allylic fragment during the rearrangement, 
the (I~-H)Os3(Ia-O=CN H--CD2CH=C H2)(CO) l0 clus- 
ter (3), deuterated at the el-carbon atom of the organic 
ligand, was synthesized. The rearrangement of complex 
3 was carried out under previously described condi- 
tions, t Chromatography of the reaction mixture yielded 
two pairs of inseparable isomers, (la-H)Os3{12- 
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I I I I 
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Fig. 1. 2H NMR spectrum (CDCI 3, 61 MHz) of the 
Z,E-isomers of (12- H)Oss{~t-O=C N HCD=C(H/D) - 
CH2(D/H)}(CO)I0 (4a,e) after keeping in a benzene solution 
for -15 days 

O=CNHCD=C(H/D)CH2~D/H)}(CO)t0 (4a,c and 
4b,d), for which tH NMR spectra were recorded; for 
one isomer pair (4a,c), the 2H and 13C NMR spectra 
were also recorded (see Experimental and Fig. I). The 
regions of the ~H NMR spectra corresponding to the 
deuterated propenyl ligands of isomeric clusters 4a,c 
and 4b,fl contain two complex multiplets, whose char- 
acter is determined by the overlap of signals due to two 
types of molecules differing in the deuterium distribu- 
tion in the propenyl group. The 2H NMR spectrum 
exhibits three broad singlets with chemical shifts Of 
6.61, 4.89, and 1.69 ( - - N H - - C D = ,  =CD-- ,  and 
--CH2D, respectively) with an intensity ratio of 
about 4 : 1 : 3 .  Analysis of the spectral data 
showed that the rearrangement yields two types of deu- 
terated clusters for each isomer, (I.t-H)Os3(~t- 
O=CNHCD=CHCH2D)(CO)I0  an .d  (~t-H)Os3(~t- 
O=CNHCD=CDCH3)(CO)I0 . Initially, the mixture 
contains only several percent of the cluster deuterated 
at the 13-carbon atom. However, the concentrations of 
complexes deuterated at the [3- and ,/-positions of the 
propenyl group gradually become equal. Simultaneously, 
interconversion of the cis- (4a,c) and trans-isomers 
(4b,d) occurs. These data suggest that the mechanisms 
of the allylic rearrangement, the interconversion of the 
cis- and tram-isomers, and the redistribution of deute- 
rium and hydrogen atoms in a propenyl fragment have 
a common step. 

An attempt was made to perform rearrangement of 
allyl-containing organic compounds in the presence of 
clusters containing a bridging allylcarboxamide 
ligand. This was done using the (~t-H)Os3(g- 
O=CNHCH2CH=CH2)(CO)I0 (1) complex and unsatu- 
rated compounds NH2CH2CH=CH2, S(CH2CH=CH2)2, 
and CH3C(O)--NHCH2CH=CH2. The course of the 
process was monitored based on the decrease in the 
intensity of the N--CH2-grou p signal in the allylic group 
and the increase in the intensity of the signal for the CH 3 
group in the resulting propenyl fragment. Allylamine and 
diallyl sulfide were found to remain unchanged for two 
months in a CDCI 3 solution containing cluster 1. 
N-Allylacetamide slowly isomerized under these condi- 
tions to give N-propenylacetamide. Isomerization does 
not stop after the allylic rearrangement of the cluster has 
been completed, Le., it does not depend on the position 
of the double bond in the ligand. It should be noted that 
the reaction involves -6 moles of N-allylacetamide 
per_ mole of the. cluster, pointing_to _a_ cat_alytic character 
of tllis process. N-Allylacetamide differs from allylamine 
and diallyl sulfide in that it, like the cluster, contains an 
NH=:C::O group. N-Allylacetamide is known ~i to rear- 
range only in the presence of metal-complex catalysts at 
elevated temperatures. It is beyond doubt that the 
triOsmium metallacycle acts as the catalyst in the above- 
described reaction. The rearrangement of N-allyl- 
acetamide taken in an excess proceeds at approximately 
the same rate in the presence of the (It-H)Os302- 
O=CNHCHRCO2Et)(CO)t0 clusters (R--.. H, Me), 
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Note. For compactness, the Os atoms and carbo~lyl ligands are designated in the scheme by filled circles. 

which contain neither an allylic nor propenyl fragment in 
the ligand but do contain the NH=:C=:O group. 

Organic carboxamides are known to exist in solu- 
tions and in condensed phases as associates formed as 
cyclic dimers or linear polymers due to hydrogen bonds 
between the - - N H R  and - - C = O  groups. 1~ In the case 
of cluster 1, in which hydrogen of  the N - - H  group 
occupies the cis-position relative to the oxygen atom of  
the bridging carbonyl group, as for lactams, 10 the for- 
mation of cyclic dimers is more likely, although the 
formation of  linear associates also cannot  be ruled out 
due to steric reasons hampering the cyclization of the 
bulky clusters. For cluster 2, having no N - - H  hydrogen 
atom, the formation o f  cyclic dimers due to d ipole--  
dipole in te rac t ion  is possible ,  as in the case of  
N,N-disubstituted amides. 11 Based on analysis of ex- 
perimental data a n d t h o s e  available from t h e  literature 
on the cyclization o f  organic amides in solution, a 
scheme for the rearrangement of  the allylic fragments in 
clusters of  types 1 and 2 can be proposed (Scheme 1). 

This scheme complies with the main experimental 
data described above; acids and bases should hamper 
the formation of  dimeric complexes due to interaction 
with the N H  group o f  the bridging ligand; clusters in 
which allylamine, allylthiol, or ailylic alcohol are coor-  
dinated as one-a tom bridges cannot be activated by the 
above scheme; the deuterium atom of  the N D  group in 

the (~t-D)Os3(~t-O=CNDCH2CH=CH2)(CO)lo cluster 
is not expected to pass into the  hydrocarbon group, and 
deuter ium of  the - - N H C D  2 g roup  cart be redistributed 
among the carbon atoms dur ing the allylic rearrange- 
ment  and the subsequent cis, trans-isomerization of the 
arising propenyl fragment. 

The key step of the rear rangement  shown in the 
scheme is apparently rupture o f  the Os - -O  bond, which 
occurs after the formation of" associates. Therefore, it 
can be expected that not on ly  amides  but other com- 
pounds  forming associates wi th  clusters containing the 
RR'NZq~=O bridging ligand wou ld  undergo catalyzed 
isomerizat ion.  Meanwhile, it can  be suggested that clus- 
ters whose dimerization or fo rma t ion  of  associates with 
organic compounds such as a m i d e s  could result in the 
cleavage of the bonds between the metallacycle and the 

�9 bridging ligand and appearance o f  a vacant coordinatiorr 
site would a lso  catalyze the al lyl ic  rearrangement.  Elu- 
cidat ion of  the range of clusters and  organic compounds 
possessing these properties is the purpose of  the next 
stage of  the research. 

Experimental  

IR spectra were recorded on a Specord IR-75 spectrometer 
in hexane or cyclohexane. IH INMR spectra were run on 
Bruker SXP 4-100 (100 MHz), Bruker DPX-250 (250 MHz), 
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and Braker AM-400 (400 MHz) instruments in CDC13 using 
tetramethylsilane as the internal standard; 2H NMR spectra 
were measured on Bruker CPX-300 (46 MHz) and Bruker 
MSL-400 (46 MHz) instruments in CCI 4 using CDCI 3 as the 
internal standard; and t3C N M R  spectra were obtained on 
Braker DPX-250 (62 MHz) and Bruker AM-400 (100 MHz) 
instruments in CDCI 3 o r  C C I  4 using tetramethylsilane as the 
internal standard. 

All the reactions were carried out in freshly distilled sol- 
vents under argon. Analysis of  the reaction mixtures and isola- 
tion of the reaction products were performed by TLC on Silufol 
UV254 plates. 

NH2CD2CH=CH2 was synthesized by a procedure similar to 
that described previously tl (the degree of deuteration was 100%). 
Allylamine deuterated at the amino group (ND2CH2CH=CH 2) 
was prepared by keeping NHtCH2CH=CH2 in D20 containing 
some D2SO4 for 24 h. ND2CH2CH=CH2 was evaporated from 
the aqueous solution using an efficient vacuum fraerionationg 
column and collecting the fraction with b.p. 52 ~ (the content 
of deuterium in the amino group of allylamine was -95%). 

(g-D)Os3{Ix-O=CN(D/H)CHzCH=CH2}(CO)Io. The syn- 
thesis was carried out by a known procedure ! using the allyl- 
amine ND2CH2CH=CH 2 prepared previously. Initially, the 
content of  deuterium in the N D and g -D  groups of the cluster 
was -85,,%. Upon dissolution of  the complex in C 6 H  6 o r  CH2Ch _, 
the content of deuterium in the ND group decreased and, after 
two days, deuterium was completely replaced by hydrogen. The 
content of  the bridging deuterium atom remained constant. The 
IR spectrum of the complex was virtually identical to that of 1. 
IH N M R  (CDC13), 8 : 5 . 8 6  (m, NH);  5.68 (m, 1 H, 
--CH=CH2); 5.12 (m, 2 H , - - C H = C H 2 ) ;  3.72 (m, 2 H, 
NCH2); -14.25 is, 1 H. ~t-H). 

(Ix-D)Os3(g-O=CNHCH=CHCH3)(CO)I 0. The complex 
(tt-D)Os3{P.-O=CNDCH2CH=CH2}(CO)Io was dissolved in 
benzene and kept for two days. The resulting isomeric clusters 
were separated by a known procedure, l The IR spectra of  these 
clusters in the region of stretching vibrations of the NH and CO 
groups were virtually identical to the corresponding spectra of 
the complexes obtained upon the rearrangement of cluster 1. I 
The IH NMR spectrum for the cis-isomers (CDCI3), 8:7.30 
(br.d, 1 H, NH); 6.50 (m, 1 H, N- -CH=CH-- ) ;  4.70 (m, 
I H, N--CH--CI:I.--); 1.61 (dd, 3 H, CH3, 3j = 6.82 Hz, 
4j = 1.60 Hz); -I4.17 (s,)a-H); 7.72 (br.d, I H, NH); 6.55 
(m, 1 H, N- -CH=CH-- ) ;  4.99 (m, 1 H, N- -CH=CH-- ) ;  1.54 
(dd, 3 H, CH 3, 3 j =  7.10 Hz, 4 j =  1.70 Hz); -13.96 (s, II-H). 

The tH NMR spectrum for the trans-isomers (CDCI3), ti: 
7.17 (br. d, I H, NH); 6.54 (m, 1 H, N- -CH=CH-- ) ;  5.18 
ira, 1 H, N- -CH=CH-- ) ;  1.60 (dd, 3 H, CH 3, 3j = 7.40 Hz, 
41 = 2.00 Hz); -14.19 (s, /.t-H); 7.63 (br.d, 1 H, NH); 6.41 
(m, 1 H, N- -CH=CH-- ) ;  4.85 (m, 1 H, N- -CH=CH-- ) ;  1.70 
(dd, 3 H, CH 3, 3j = 7.00 Hz, 4j  = 1.71 Hz); -13.98 (s, In-H). 

The 13C{tH} NMR of the cis-isomer irecorded using the 
INVGATE technique; 6 : 1 CCI4 : (CD3)2CO)), 8: 183.50, 
183.34(182.37, 179.19, 176.O5, 175.96;-175:89, 175.68; 174.54; 
173.49, 173.46 (carbonyl region); 121.61 (N- -CH=CH-- ) ;  
107.49 (N--CH=C,H--);  12.60 (CH3). 

(I~-H)Os3(It-O--CNHCD2CH=CHz)(CO)t0 (3). Complex 
3 was prepared by a known procedure I using the previously 
synthesized allylamine NH2CD2CH=CH2. The IR spectrum of 
3 in the stretching region of NH and CO groups was virtually 
identical to the corresponding spectrum of cluster 1. ! tH NMR 
(CDCI3), fi: 5.87 (m, H, NH); 5.69 (m, 1 H, --CH=CH2);  
5.13 (m, 2 H, --CH=CH2); -14.25 (s, I H, la-H). 

(it- H)Os3{I , t -O=,CNHCD--C(H/D) CH2(D/H)} (CO)  10 
(4a--d). Complex 3 was dissolved in CH2CI 2 or C.6H 6 and kept 

for four days. The resulting isomeric clusters were separated by 
a known procedure) The IR spectra of the isomeric clusters in 
the stretching region of the NH and CO groups were virtually 
identical to those of the isomeric complexes obtained by the 
rearrangement of cluster 1. I The NMR spectrum of each iso- 
mer was a superposition of the spectra of isotopomers 4 deuter- 
ated at the ~t,13- and ct,~-carbon atoms of the propenyl frag- 
ment. 

JH NMR, 4a (CDCI3), fi: 7.14 (br.s, 1 H, NH); 4.79 (m, 
N--CD=CH-- ) ;  1.60 (m, CH 3, CHAD); -14.16 is, 1 H, ~t-H). 

2H NMR, 4a (CCI,), 8:6.57 (br.s, I D, N--CD=);  4.89 
(br.s, =CD--);  1.68 (br.s, CH2D). 

t3C{IH} NMR, 4a (CDCI3), 8: 186.10, 183.16, 181.77, 
178.44, 175.64, 175.54, 175.22, 175.12, 174.03, 174.00, 172.89 
(carbonyl region); 107.53 ( N - - C H = C H - - ,  N--CH=CD--) ;  
10.68 (CH3, CH.~D). 

IH NMR, 41) (CDCI3), 3:7.22 (br.s, 1 H, NH); 5.19 (m, 
N--CD=C_Id--); 1.60 (m, CH 3 + CH2D); -14.25 is, 1 H, g-H). 

2H NMR, 41) (CCI4), (5:6.61 (br.s, 1 D, N--CD=);  5.24 
(br.s, =CD--);  1.68 (br.s, CH2D). 

IH NMR, 4e (CDCI3), 5:7.71 Cor.s, 1 H, NH); 4.98 (m, 
N--CD=CH--) ;  1.55 (m, CH 3 + CH2D); -13.95 (s, 1 H, g-H). 

IH NMR, 4d (CDC13), 8:7.67 (br.s, I H, NH); 5.21 (m, 
N--CD=CH--) ;  1.70 (m, CH 3 + CH2D); -13.97 (s, 1 H, ~-H). 
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33292). 

References 

I . V . A .  Maksakov, V. A. Ershova, V. P. Kirin, and A. V. 
Golovin, J. Organomet. Chem., 1997, 553, 11. 

2. V. A. Ershova, V. A. Maksakov, A. V. Golovin, S. V. 
Tkachev, and L. A. Sheludyakova, lo,. Akad. Naak, Ser. 
Khim., 1998, 158 [Russ. Chem. Bull., 1998, 47, 160 (Engl. 
Transl.)]. 

3. C. Masters, Homogeneous Transition-Metal Catalysis, 
Chapman and Hall, London--New York, 1981. 

4. L. Ya. Yanovskaya, Sovremennye teoreticheskie osnovy 
organicheskoi khimii [Modern Theoretical Foundations of 
Organic Chemistryl, Khimiya, Moscow, 1978 tin Russian). 

5. G. Ya. Kondrat "eva and Yu. S. Dol "skaya, lzv. Akad. Nauk 
SSSR, Set. Khim., 1967, 2045 [Bull. Acad. Sci. USSR, Div. 
Chem. Sci., 1967, 16 (Engl. Transl.)]. 

6. J. K. Still and Y. Becher, 2". Org. Chem., 1940, 45, 2139. 
7. V. A. Maksakov, V. P. Kirin, S. N. Konchenko, N. M. 

Bravaya, A. V. Virovets, and N. V. Podberezskaya, lzv. 
Akad. Nauk, Ser. Khim., 1993, 1293 [Russ. Chem. Ball., 
1993, 42, 1236 (Engl. Transl.)]. 

8. Comprehensive Organic Chemistry, Eds. D. Barton and W. D. 
Ollis, Pergamon Press, New York, 1979. 

9. V.A.  Maksakov, E. V. Golubovskaya, E .D .  Komiets, and 
I. V. Chernii, Izv. Akad. Nauk SSSR, Set. Khim., 1984, 
1194 [Bull. Acad. Sci. USSR, Div. Chem. Sci., 1984, 33 
(Engl. Transl.)]. 

10. (a) Comprehensive Organic Chemistry, Eds. D. Barton and 
W. D. Ollis, Pergamon Press, New York, 1979; ib) The 
Chemistry of Amides, Ch. 3, Ed. J. Zabiky, Imerscience, 
London, 1970, 223. 

II. Le Coustumer, M. F. Leutie, and P. Dizabo, Z Labelled 
Comp., 1973, 3, 355. 

Received March 1, 1999; 
in revised form May 21, 1999 


