Notes

veried to the same products in 77.3% overall yield, and the
isolated vields of 2, 3, and 4 based on the consumed 1
were 63.6%, 13.0%, and 4.2%, respectively. The increased
yield of 2 at the lower temperature is consistent with the
mechanism. The higher conversion of 1 and the lower yield
of 4 also support that § is more stable at the low tem-
perature and less photodissociation occurs. In order to get a
direct evidence for the existence of 5, a CDCl, solution of 1
(.18 M) and furan (4.2 M)} at -60 °C was irradiated
through a Pyrex filter for 3 hours, and 'H-NMR spectra
were taken at —~ 50 °C for the reaction mixture and for the
resulting solution after standing at 25 °C for 1 hour (Figure
2). The results indicated that 2 was not initially formed.
The major product, supported by the '"H NMR spectrum and
the Cope rearrangement to 2 at 25 °C, was assigned to be 5.
The low-temperature NMR study confirms that the pro-
posed mechanism is correct.

Acknowledgment, This research was financially sup-
ported by Korean Ministry of Education through Research
Fund (BSRI-96-3448) and Korea Science and Engineering
Foundation (951-0301-031-2).

References

1. McCullough, J. J. Chem. Rev. 1987, 87, 811 and ref-
erences therein.

2. (a)} McCullough, J. 1.; McMurry, T. B.; Work, D. N. J.
Chem. Soc., Perkin Trans. I, 1991, 461. (b) Mella, M,;
Fasani, E.; Albini, A. J. Org. Chem. 1992, 57, 6210. (c)
Dopp, D.; Erian, A. W.; Henkel, G. Chem. Ber. 1993,
126, 239,

3. (a) Dopp, D.; Pies, M. J. Chem. Soc., Chem. Comm.
1987, 1734. (b) Dépp, D.; Memarian, H. R. Chem. Ber.
1990, 123, 315. (c) Zupancic, N.; Sket, B. J. Chem.
Soc., Perkin Trans. I, 1992, 179.

Bull. Korean Chem. Soc, 1997, Vol. 18, No. 7 783

4. (a) Kubo, Y.; Inoue, T.; Sakai, H. J. Am. Chem. Soc.
1992, 114, 7660. (b} Kubo, Y.; Noguchi, T.; Inoue, T.
Chem. Lett. 1992, 2027. (c¢) Kubo, Y. Todani, T;
Inoue, T.; Ando, H.; Fujiwara, T. Bull. Chem. Soc. Jpn.
1993, 66, 541.

5. (a} Yang, N. C; Libman, J; Savitzky, M. F. J. Am.
Chem. Soc. 1972, 94, 9226 and 9228. (b} Mak, K. T;
Srinivasachar, K.; Yang, N. C. J. Chem. Soc., Chem.
Comm. 1979, 1038.

6. Albini, A.; Fasani, E.; Giavarini, F. J. Org. Chem. 1988,
53, 5601.

7. (a) Pac, C.; Sugioka, T.; Sakurai, H. Chem. Lett. 1972,
39 and 667. (b) Kan, K.; Kai, Y.; Yasuoka, N.; Kasai,
N. Bull. Chem. Soc. Jpn. 1979, 52, 1634. {c) Sakurai,
H.; Pac, C. Mem. Inst. Sci. Ind. Res., Osaka Univ. 1980,
37, 59. '

. Sugioka, T.; Pac, C.; Sakurai, H. Chem. Lett. 1972, 791,
9. Noh, T.; Kim, D. Tetrahedron Letr. 1996, 52, 9329.

10. (@) Chow, Y. L.; Liu, X. -Y.; Hu, S. J. Chem. Soc.,
Chem. Comm. 1988, 1047. (b) Chow, Y. L.; Liu, X. -Y.
Can. J. Chem. 1991, 69, 1261.

11. Cantrell, T. S.; Allen, A, C.; Ziffer, H. J. Org. Chem.
1989, 54, 140.

12. (a) Okamoto, H.; Kimura, M.; Satake, K.; Morosawa, S.
Bull. Chem. Soc. Jpn. 1993, 66, 2436. (b) Okamoto, H.;
Satake, K.; Kimura, M. Bull. Chem. Soc. Jpn. 1995, 68,
3557.

13. The coefficients of the LUMO's were calculated by the
Extended HMO after geometry optimization.

14, (a) Yang, N. C.; Gan, H.; Kim, S. S.; Masnovi, J. M.
Tetrahedron Lett. 1990, 31, 3825. (b} Mackenzie, K ;
Gravett, E. C.; Howard, J. A. K.; Astin, K. B.; Tomiins,
A. M. J. Chem. Soc., Perkin Trans. If 1996, 1233,

15. Noh, T.; Lim, H.; Kim, D. Bull. Korean Chem. Soc.
1997, 18, 247,

o0

Geminal Substituent Effects on Decyanation Reactions

Jung Chull Lee', Hun Yeong Koh*', Yoon Sup Lee', and Han-Young Kang**

'Division of Applied Sciences, Korea Institute of Science and Technology,
P.O. Box 131 Cheongryang, Seouf 130-65G, Korea
*Department of Chemistry and Center for Molecular Science, Korea Advanced
Institute of Science and Technology, Taejon 305-701, Korea
*Department of Chemistry, Chungbuk National University, Cheongju, Chungbuk 361-763, Korea
Received April 22, 1997

The geminal substitunet effects’ refer to either stabil-
ization or destabilization caused by the interaction between
two functional groups centered at the same atom and this
have beem a subject of research interests in organic reac-
tions. If the central atom is substituted with two ¢-and m-ac-
ceptors, the resujtion interaction is destabilization, while sub-
stituted with 6-and n-donors, overall stabilization results.

Recently we have reported a reductive decyanation of a-
cyano and o-alkoxycarbonyl substituted nitriles promoted
by samarium(II) iodide.” The reaction involves a carbon-car-
bon bond cleavage (C-CN bond) and takes places under
mild conditions, but the successful reactions require ac-
tivation by geminal substituents such as another nitrile or al-
koxycarbonyl group. Another characteristic of the reaction
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Table 1. C-CN bond dissociation energies (kcal/mol} of the
model compounds by semiempirical and ab initio calculations

X PM3 STO-3G/UHG 6-31G*/UHF"
CN 121.2 75.2(1.5034) 78.9(1.4824)
CO.Me 1207 79.5(1.5001) 85.6(1.4812)
H 129.0 99.1(1.4985) 126.5(1.4793)

“The values in parentheses are the C-CN bound distances of
reactants tn Angstrom.

is the temperature required for the reaction. Decyanations of
geminal dinitriles and o-ethoxycarbony] substituted nitriles
undergoes at relatively low temperature, 0°C and room tem-
perature, repectively. This makes a good contrast to the
case when the central atom is substituted only with one ni-
trile group, ie., without any other additional activation. It
has been well known that the C-CN bond could be reduc-
tively cleaved even in the case with no activation. The
cleavage, however, needs rather vigorous reaction con-
ditions, for example, potassium at reflux in toluene.’

The reactivity difference on geminal substituents prompts
us to investigate the geminal substituent effect in the de-
cyanation of o-cyano and co-alkoxycarbonyl substituted ni-
triles. In this theoretical study simple geminally-substituted
compounds shown in Eq. (1) has been selected as model
compounds. Initially geometries were minimized using the
molecular mechanics method in Chim-X,* followed by the
semiempirical PM3 calculations with MOPAC 6.0° and ab
initio STO-3G and 6-31G”* calculations at the Hartree-Fock
level of theory with the Gaussian 94 using the Cray C-90 at
SERI. Zero-point energy corrections are not considered in
this study.

The C-CN bond dissociation energi¢s obtained are sum-
marized in Table 1. Lower energy values imply unfavorable
geminal interactions for the reaction or the destabilization in-
teractions between substituents X and CN leading to
lengthening of the C-X and C-CN bonds. Favorable gem-
inal interactions for the reaction or the stabilization in-
teractions usually result in bond shortening and make bond
dissociation difficult. In this vein, those molecules des-
tabilized by unfavorable geminal interactions are somewhat
more reactive than those stabilized favorable interactions.

Data in Table 1 imply that the semiempirical PM3 cal-
culations do not provide a clear trend in energy differences
(also, dissociation energy values are somewhat exaggerated).
On the other hand, ab initio calculations give reasonable
reactivity tendencies for the C-CN bond breaking of the
model compounds, that is, more sizable reactivity diff-
erences between the C-CN bond dissionciation energies.
Since the 6-31G* basis set is considerably larger that the
STO-3G basis set, the 6-31G* basis set generally leads to
more reliable results than the STO-3G basis set does. Al-
though absolute energy differences values for homolytic
cleavage by calculation, even in ab initio models, have to
be taken carefully, at least the reaction trend shown in
Table 1 has clearly demonstrated the utility of the cal-

Notes

culation methods. Therefore it is reasonable to conclude that
the molecule having X=H will be decyanized with difficulty
compared to the other two molecules having X=CN or X=
CO,Me. According to their geminal substituents (repre-
sented by X), we may assign the overall reactivity ten-
denvcy among three compounds as the following order:
CN>CO,Me>>H.

The reactivity trend may be attributable to the inherent
electonic properties of geminal substituents considered in
this study. It is generally accepted that geminal interactions
become disfavorable by pairing of g-or ®-acceptors. Com-
bination of either a ¢-donor with a nt-donor or a G-acceptor
with a m-donor is usually favorable for the reaction and
does not cause lengthening of the bond. The cyano group
(-CN) is a strong G-acceptor as well as a m-acceptor while
methoxycarbonyl group is usually considered as a G-ac-
ceptor (but not a good m-acceptor). The hydrogen is con-
sidered as a peutral one, i.e., neither a donor nor an ac-
ceptor. Based upon this classification, the compound having
X=CN could be less stabilized and consequently exhibit
higher reactivity than that having X=CO,Me. The com-
pound having no substituent (i.e., X=H} is, in tum, most
highly stabilized and shows the lowest reactivity. These
results are also completely consistent with the experimental
observations. Samarium (IT) iodide-promoted decyanation of
geminal dinitriles took place at 0 °C and the same reaction
of o-ethoxycarbonyl substituted nitriles occumred at room
temperature. For simple nitriles (without any substituent)
the removal of the nitrile could not be observed under the
conditions employing samarium (II) iodide, but requires
much higher temperature in the presence of potassium.

Encouraged by the results obtaines by the STO-3G cal-
culations, we have extended the study to a somewhat bigger
system employed actually in the above mentioned samarum
(I) iodide-promoted decyanations shown in Eq. (2). Due to
the high cost of computation ab initio calculations em-
ploying 6-31G* basis sets were attempted. The results are
listed in Table 2. Reactivity trend is comparable to those ob-
tained for the model compounds in Table 1 and coincide
well with the experimental observations. In this case also,
data indicate that the absolute enetgy values by ab initio cal-
culations for homolytic cleavage should be taken with cau-
tion. The C-CN bond dissociation energies in Table 2 are
smaller than those shown in Table 1. This could be ra-
tionalized by the electronic effect contributed by the benzyl
group, which is more electron-donating than the methyl

—_—— R+ N @
PhH,C™ X PhH,C™ X
X=CN, COEt, H

Table 2. C-CN bond dissociation energies (kcal/mol) for the de-
cyanation reactions of a-substituted o,a-dibenzylacetanitrile

X STO-3G/UHF’
CN 43.8 (1.5045)
COEt 452 (1.4992)

°The values in parentheses are the C-CN bond distances of
reactants in Angstrom.
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group and stabilizes the resultig radicals. From this line of
reasoning, the degree of destabilization inherent to the gem-
inal effect is supposed to be somewhat higher, and also the
removal of nitrile occurs more readily in the reactions of Eq.
(2) than those of Eq. (1).

In summary, theoretical results of the geminal effects
qualitatively explain the esperimental observations on the de-
cyanation of substituted nitriles.
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Ligands that can serve as molecular bridges between me-
tal centers and that also contain a delocalized 1 system
have received considerable attention in recent years as po-
tential electron "propagating" components for inner-sphere
electron fransfer reactions between metals,! magnetically
coupled polynuclear systems,™ models for binuclear rear-
rangements occuring in metalloenzymes,>* and low-di-
mensional conducting eoordination polymers.*” Among vari-
ous ligands for such goals, the bridging ability of 2,2"-bi-
pyrimidine (bpym) towards first row transition metal has
yielded a remarkable class of materials containing diverse
architectures and functions.*'® In this context, the reaction
of Co(NCS), with bpym in a mole ratio of 2:3 in a mix-
true solvent of water and ethanol has been found to afford
the dinuclear complex, [Cox(bpym),(NCS),].”” In particular,
the design of compounds that exhibit desired properties has
been continued. In the present contribution, 2,2-bipyri-
midine as a simple bidentate ligand such as 2,2"-bipyridine
or 1,10-phenanthroline was clearly demonstrated by the
change of reaction conditions. We report the synthesis and

structural properties of the title complex along with po-
tential applicability as a precursor for heteropolynuclear me-

tal complexes.
=N
G
bpym

Experimental

Materials and Instrumentation, Co(NCS), and 2,2'-
bipyrimidine were purchased from Aldrich and Alfa, respec-
tively, and used without purificatton. Elemental analysis (C,
H, N} was carried out at the Chemical Analysis Center in
KIST. Infrared spectrum was obtained in 4000-400 cm !
range on a Perkin Elmer 16F PC FTIR spectrometer with
sample prepared as KBr pellet.

Preparation of cis-Co(NCS);(bpym),. A chloroform



