
Russian Chemical Bulletin, Vol. 46, ~'~b. 7, July, 1997 1349 

References 

I. R. F. Heck, Pure Appl.Chem., 1978, 50, 691. 
2. R. F. Heck, Ace. Chem. Res., 1979, 12, 146. 
3. R. F. Heck, Organic Reactions, 1982, 27, 345. 
4. R. F. Heck, in Palladium Reagents in Organic Chemistry, 

Academic Press, London. 1985, 179. 
5. N. A. Bumagin, N. P. ,Madryukhova, and I. P. Betetskaya, 

Metalloorg. Khim., 1989, 2, 911 {Organomet. Chem. USSR, 
1989, 2 (Engl. Transl.)]. 

6. N. A. Bumagin, N. P. Andryukhova, and I. P. Beletskaya, 
DokL Akad. Nauk SSSR, 1990, 313, 107 [DokL Chem., 
1990, 313 (Engl. Transl.)]. 

7. N. A. Bumagin, P. G. More, and I. P. Beletskaya, 
Z Organometat. Chem., 1989, 371, 397. 

8. N. A. Bumagin, L. I. Sukhomlinova, T. P. Totstaya, and 
I. P. Beletskaya, DokL Akad. Nauk, 1993, 332, 455 [Dokl. 
Chem., 1993, 332 (Engl. Transl.)]. 

9. N. A. Bumagin, V. V. Bykov, L. I. Sukhomlinova, T. P. 
Tolstaya, and I. P. Beletskaya, J.OrganometaL Chem., 1995, 
486, 259. 

10. T. J. Jeffery, Tetrahedron Leg., 1994. 35, 3051. 

11. H.-C. 
1499. 

12. A. L. 
1990, 

13. 

Zhang and G. D. Daves, Organometallics, 1993, 12, 

Cazalnuvo and J. C, Calabreze, J. Am. Chem. Soc., 
112, 4324. 

T. L. Wallou and B. M. Novak, J. Am. Chem. Soc., 1991, 
113, 7411. 

14. P. G. Genet, E. Blart, and M. Savignac, Synlert, 1992, 715. 
15. N. A. Bumagin, I. G. Bumagina, and I. P. Beletskaya, Zh. 

Org. Khim., 1984, 20, 457 [3. O~. Chem. USSR, 1984, 20, 
(Engl. Transl.)]. 

16. R. F. Heck and J. P. Nolley, Z Org. Chem., 37, 2320. 
17, C. Ametore, E. Carre, A. Jut.and, M. A. M'Barki, and 

G. Meyer, Organometallics, 1995, 14, 5605. 
18. V. V. Grushin and H. Alper, Organometallics, 1993, 12, 

1890. 
19. T. Yoahida, T. Okano, and S. Otsuka, Z Chem. Soc., 

Dalton Trans., 1976, 993. 
20. T. A. Stephenson, S. M. Morehouse, J. P. Heifer, and 

G. Wilkinson, ,L Chem. Soc., 1965, 3632. 
21. A. O. King and E. Negishi, J. Org. Chem., 1978, 43, 358. 
22. S. Ahrland, J. Chatt, N. R. Davies, and A. A. Williams, 

J. Chem. Soc., 1958, 276. 

Received January 10, 1997 

Interaction of rhenium hydride (qs- CsMes) ReH(CO) (NO) 
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The interaction between the fluorinated alcohols RFOH (R F = (CF3)~CH and (CF3)3C) 
and rhenium hydride (qS-CsMes)ReH(CO)(NO) in hexane and liquid freon was studied in a 
wide temperature range by IR and IH N M R  methods, respectively. The formation of 
hydrogen-bonded complexes of two types, ReH...HOR r: and NO...HOR F, was established. 
The hydride signal in the IH NMR spectra at 96 K splits into two signals (at 6 = -7.54 and 
-8.87) corresponding to the free ReH and the ReH...HO complex, respectively. 

Key words: hydrogen bond, hydrides of transition metals, molecular spectroscopy. 

It has been shown that  an unusual  type of  interrno-  
lccular  hydrogen bond MH~- . . .H~+X exists in the in ter-  
a c t i o n  o f  p r o t o n  donor s  wi th  t u n g s t e n  hyd r ide s  

W H ( C O ) 2 ( N O ) L  2 in solut ion la and in the in terac t ion  of  
rhenium polyhydride ReHs(PR3)  3 with indole  in the 
crystal, lb In this work, the  first results o f  IR  and 
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IH NMR studies of the formation of hydrogen bonds by 
rhenium hydride Cp*ReH(CO)(NO) (Cp* = rl&CsMes) 
(1) with the fluorinated alcohols (CF.02CHOH and 
(CF3)3COH in hexane  (IR) and liquid freon 
(CDF3/CDCIF7) (IH NMR) in a wide temperature range 
have been reported. Hydride 1 reacts with strong acids 
to form a dihydrogen complex, stable at low tempera- 
ture. z Our interest was focussed on the conditions of the 
formation of the hydrogen bond with the hydride 
hydrogen. 

Experimental 

Hydride Cp*Re(CO)(NO)H was synthesized following the 
procedures 3-5 developed for cyclopentadienyl analogs. IR (hex- 
ane), v/cm-L: 1956 (CO), 1695 (NO), 3375 (2 vNO). IH NMR 
(CD2CI~.), 8:2.23 (s, 15 H), -7.59 (s, 1 H). 

IR spectra were recorded on Specord MS0 and Specord 
M82 spectrophotometers in hexane at concentrations in the 
10-4--10 -~- tool L - i  range in CaF2 cells (d = 0.01--0.12 cm). 
Hexane was dehydrated and distilled, and the experiments 
were carried out under an argon atmosphere. A Carl Zeiss Jena 
cr~'ostat, which allowed working in the temperature range from 
-190 to +250 ~ was used for the low-temperature measure- 
ments of the spectra of the solutions. A liquid nitrogen flow 
was used for cooling, and the thermostating accuracy was 
+_I *C. 

IH NMR spectra were recorded on a Bruker AMX 500 
spectrometer at a frequency of 500 MHz. The synthesis of the 
mixture of deuterated freons CDF3/CDF2C1 (1 : 1) from 
CDC13 and the preparation of the samples in vacuo were 
performed according to known procedures. 6 

Results and Discussion 

A decrease in the intensities of the vOHfre~ bands 
and the appearance of new broad bands of hydroxyl 
groups bonded by a hydrogen bond is observed in the IR 
spectrum of 1 in the region of the stretching vibrations 
of proton donors. These new bands are shifted to the 
low-frequency region. As in the case of conventional 
hydrogen bonds, the shift values (Av = vOHrree - 
vOH~nd) increase as the strength of the proton donor 
increases and are equal to 211 and 307 cm - l  for 
(CF3)2CHOH and (CF3)3COH, respectively. 

To localize the site of the formation of the hydrogen 
bond, the IR spectra in the region of the stretching 
vibrations of ligands of complex 1 (2100--1500 cm - l )  
were investigated in the presence of proton donors in the 
temperature range from 190 to 290 K. The observed 
high-frequency shift of the vCO band (vCOfree = 
1956 cm - t ,  v C O ~ n  a = 1969 cm -1) is evidence for the 
formation of a hydrogen-bonded complex with no coor- 
dination to the oxygen atom of the carbonyl ligand 7 (as 
in the case of tungsten hydridesla). However, a more 
complicated spectral picture (Fig. 1) is observed in the 
region of the stretching vibrations of the NO group. The 
intensity of the initial vNOfree band at 1695 cm -t  is 
decreased and a high-frequency shoulder ( v N O ( 1 ) =  

1710 cm-: )  as well as broad vNO(2) bands shifted to 
the low-frequency region appear at room temperature in 
the presence of RFOH. The position of the vNO(2) 
bands depends on the strength of  the proton donor and 
is 1655 and 1644 cm -~ in the presence of (CF3)zCHOH 
and (CF3)sCOH, respectively. Such a tow-frequency 
shift is characteristic of the formation of hydrogen- 
bonded complexes in which the oxygen atom of the 
nitroso group is the coordination center, g The intensities 
of the initial bands of the CO and NO groups decrease 
while those of the bands of hydrogen-bonded complexes 
increase as temperature decreases to 190 K. These re- 
suits allow us to conclude that hydrogen-bonded com- 
plexes of two types are formed in the interaction of I 
with fluorinated alcohols. In the  first case, the oxygen 
atom of the nitroso group is bonded to the hydroxyl 
hydrogen (ROH.. .ON--Re),  in the second one (as could 
be expected) the hydride hydrogen atom is bonded to 
the hydroxyl hydrogen (ROH. . .H--Re) .  The value of the 
high-frequency shift vNO(1) (Av = + 15 cm -1) is close 
to that observed in the complex RFOH...HW. la 

A 
0.9 4 

0.8 

0.7 

0.6 

0.5 vNO(2) 

0.4 
/ 

0.3 

0.2 

0.1 

0 
1725 1695 1665 1635 v/cm -1 

Fig. 1. IR spectra (the vNO region) of hydride 
Cp*Re(CO)(NO)H (c = 0.003 tool L -t) in the presence of 
(CF3)3COH (c = 0.030 tool L-:) im hexane at temperatures: 
220 (/), 240 (2), 260 (3), and 290 K (4). 
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Unfortunately, unlike the vWH band, the vReH 
band is not detected in the [R spectra of hydride I. la 
The evidence for the formation of  a hydrogen bond of  
the ReH. . .HOR type was obtained in studying the inter- 
action of  1 wi th  (CF3)3COH in liquid freon 
(CDF2/CDF,C1)  by the IH N M R  method; the high 
effectiveness of  using Iiquid freon at very low tempera- 
tures (down to 96 K) was shown previously in a study of  
hydrogen bonds with o ~ a n i c  bases. 6 A high-field shift 
(by 0.60--0.82 ppm) of  the signal of  the hydride hydro- 
gen (Sinit = -7 .54)  that depended on the temperature 
and the amount  of  excess proton donor was observed in 
the spectra of  I in the presence of  (CF3)3COH in the 
temperature range from 140 to 110 K. At 96 K, we 
succeeded for the first time in detecting splitting of  the 
hydride signal into two signals (at ~5 -7 .54  and -8 .87)  
corresponding to tree ReH and the ReH.. .HO complex, 
respectively. This proves that the formation of the hy- 
drogen bond involves the hydride hydrogen. Note that in 
this case the signal of  the OH group is spIit into three 
signals (at ~3 5.6, 9.8, and 8.2) corresponding to the OH 
groups of  the monomer,  the OH.. .HRe complex, and 
the OH. . .ON complex, respectively. 

Thus, rhenium hydride 1 forms hydrogen bonds of  
two types with RFOH, namely, bonds with the oxygen 
atom of  the NO group (NO.. .HO) and bonds with the 
hydride hydrogen (ReH.. .HO).  
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One-step synthesis of a-hydroxy-c -azinylcyanoacetic esters from 
t -nitro derivatives of c -azinyleyanoacetic esters 
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When boiled in aromatic hydrocarbons, solutions of ct-nitro-a-azinylcyanoacetic esters 
of the pyrimidine, pyrazine, and s-triazine series gave the corresponding a-hydroxy deriva- 
tives of ct-azinylcyanoacetic esters in high yields. 

Key words: nitrocyanoacetic esters, hydroxycyanoacetic esters, pyrazine, pyrimidine, 
s-triazine, derivatives. 

Previously, we have demonstrated that nitration 
of  dihydroazinyl idenecyanoacet ic  esters of the pyrimi-  
dine series, l a - - d ,  I and of  the pyrazine series, le ,  z 

afforded c~-hydroxy derivatives of ct-azinylcyanoacetic 
esters 3a - - e  in low yields along with a-n i t ro  derivatives 
2a--e .  
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