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The interest in transition-metal tetrahydroborate derivatives2 
is associated with their potential use as selective reducing  agent^,^ 
as precursors of metal  hydride^,^ and as models for studying the 
bonding modes of BH4- to  metal^.^ The tetrahydroborate anion 
is very rarely found bonded to metals having oxygen donor atoms 
as ancillary ligands,6s in spite of t h e  interest for metal oxide 
matrix-based reducing agents.6b Such ligands should change 
considerably the reducing properties of the BH4- unit toward 
metals and substrates .  

The present report deals with te t rahydroborate  derivatives of 
titanium(1V) and zirconium(1V) bonded to the bisphenoxo dianion 
ligand (BP) shown in s t ructure  1.' 
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In spite of the very recent impressive development of early- 
transition-metal alkoxo and phenoxo chemistry? tetrahydroborate 
derivatives have not been studied. The ligand sketched in I allowed 
us to isolate a quite unique te t rahydroborate  derivative of tita- 
n i ~ m ( l V ) ~  and somehow to probe the hapticity of the BH, ligand 

( I )  (a) University of Lausanne. (b) University of Parma. 
(2) Marks, T. J.; Kolb, J. R. Chem. Rev. 1977, 77, 263. James, B. D.; 

Wallbridge, M. G. H. f rog.  Inorg. Chem. 1970, 11, 99. 
(3) Kano, S.; Tanaka, Y.; Sugino, E.; Hibino, S. Synthesis 1980,695. Sato, 

F.; Sato, S.; Sato, M. J. Organomet. Chem. 1976. 122, C25. Lee, H. 
S.; Isagawa, K.; Otsuji, Y. Chem. Lett. 1984, 363. Itsuno, S.; Sakurai, 
Y.; Ito, K. Synthesis 1988, 995. 

(4) (a) James, B. D.; Nanda, R. K.; Wallbridge, M. G. H. Inorg. Chem. 
1967, 6,  1979. (b) Otto, E. E. H.; Brintzinger, H. H. J .  Organomet. 
Chem. 1978, 148, 29. (c) Luetkens, M. L.; Huffman, J. C.; Sattel- 
berger, A. P. J .  Am. Chem. SOC. 1985, 107, 3361. (d) Fryzuk, M. D.; 
Rettig, S. J.; Westerhaus, A.; Williams, H. D. Inorg. Chem. 1985, 24, 
43 16. 

( 5 )  Jensen, J .  A.; Gerolami, G. S.  J .  Chem. SOC., Chem. Commun. 1986, 
1160. 

(6) (a) James, B. D.; Wallbridge, M. G. H. J .  Inorg. Nucl. Chem. 1966, 
28, 2456. Franz, K.; Fusstetter, H.; Noth, H. Z. Anorg. Allg. Chem. 
1976,427, 97. (b) Evans, H. E.; Weinberg, W. H. J .  Am. Chem. SOC. 
1980, 102, 2548, 2554. 

(7) Floriani, C.; Corazza, F.; Lesueur, W.; Chiesi-Villa, A.; Guastini, C. 
Angew. Chem., Int. Ed.  Engl. 1989, 28,66. Floriani, C.; Lesueur, W. 
Manuscript in preparation. 

(8) Chisholm, M. L. H.; Rothwell, I .  P. In Comprehensive Coordination 
Chemisrry; Wilkinson, G., Gillard, R. D., McCleverty, J. A,, Eds.; 
Pergamon: Oxford, England, 1987; Vol. 2, Chapter 15.3 and references 
therein. 

0020-1669/91/1330-0145$02.50/0 

~ ~ ~ _ _ _ _ _  

Table 1. Crystal Data for Complexes 2 and 4 
complex 
formula 
cryst syst 
space group 
cell params at 295 K 

a, A 
b, A 
c, A 
a, deg 
B, den 

2 

triclinic 
C23H38B202Ti 

pi 

9.829 ( I )  
13.050 (2) 
9.677 ( I )  
90.19 ( I )  
93.07 (1) 

4 

monoclinic 
C27H46B2?3Zr 

P 2 d n  

17.046 (2) 
15.706 (2) 
13.215 ( I )  
90 
108.92 ( 1 )  . _  

7, deg 87.11 ( i j  90 
v. A' 1237.9 (3) 3346.8 (7) 

. I  . ,  
z 2 4 
no. of unique obsd data 2607 2902 
intens measmt a a 
struct refinement b b 
R 0.056 0.045 

a For intensity and background individual profiles were analyzed by 
following: Lehmann, M. S.; Larsen, F. K. Acta Crystallogr., Sect. A: 
Struct. Crystallogr. Cryst. Chem. 1974, A 3 0 ,  580. Data reduction, 
structure solution, and refinement were carried out on a GOULD 
32/77 computer using: Sheldrick, G. SHELX-76. System of Crys- 
tallographic Computer Programs; University of Cambridge: Cam- 
bridge, England, 1976. Refinement was by full-matrix least squares 
anisotropically for all the non-hydrogen atoms except for the C26 car- 
bon atom (complex 4), which was considered statistically distributed 
over two positions (A and B) isotropically refined with a site occupa- 
tion factor of 0.5. 

via t h e  IH NMR signals associated with the diastereotopic hy- 
drogens of the bridging methylene.' Ligands isoskeletal with that 
in I but  with different donor atoms have been recently designed 
by us for functioning as spectroscopic probe for the coordination 
sphere of t h e  metal.I0 
Experimental Section 

All operations were carried out under an atmosphere of purified ni- 
trogen. Solvents were dried and distilled before use by standard methods. 
Infrared spectra were recorded with a Perkin-Elmer 283 spectrophotom- 
eter, and NMR spectra with Bruker instruments (AC-200 for 'H and 
AC-200 WB for "B). 

Solid-State Structures of 2 and 4. Crystallographic data, atomic 
coordinates, and selected bond distances and angles are reported in Tables 
I-v. 

Preparation of [(BP)TiC12] (I).' To an n-hexane solution (300 mL) 
of H2BP (21 .O g, 61.8 mmol) was added TiCI, ( 1  1.6 g, 61.8 mmol). HCI 
evolution took place, and a red solution suddenly formed, which was kept 
on stirring for 12 h. A red crystalline solid precipitated, which was 
filtered off and washed with pentane (100 mL) (25.0 g, yield 88%). ' H  
NMR (200 MHz, CD2CIz, ppm, room temperature): d 7.21 (d, 2 H, Ph), 

JH-H = 14.2 Hz, CHZ), 2.34 (s, 6 H, p-Me), 1.46 (s, 18 H, o-Bu'). 
Preparation of [(BP)ZrCI,(THF),] (3). To a thf solution (200 mL) 

of H2BP (30.3 g, 89.2 mmol) was slowly added NaH (4.3 g, 178.3 
mmol). H2 evolution took place, and a colourless solution suddenly 

(9) Several tetrahydroborate derivatives of titanium(ll1) and titanium(l1) 
have been recently reported. Their synthesis was accomplished by 
starting usually from titanium(lV), since BH4- constantly reduced it to 
titanium(II1): Jensen, J. A,; Gerolami, G. S. Inorg. Chem. 1989, 28, 
2107. Jensen, J. A.; Gozum, J. E.; Pollina, D. M.; Gerolami G. S. J .  
Am. Chem. SOC. 1988, 110. 1643. Dain, C. J.; Downs, A. J.; Raukin, 
D. W. H. Angew. Chem., Int. Ed. Engl. 1982, 21, 534. NBth, H.; 
Hartwimmer, R. Chem. Ber. 1960, 93, 2238. Melmed, K. M.; Couc- 
ouvanis, D.; Lippard, S. J. Inorg. Chem. 1973, 12, 232. Solovcichik, 
G. L.; Bulychev, B. M.; Semenenko, K. N. Sov. J. Coord. Chem. (Engl. 
Transl.) 1978,4,913. Semenenko, K. N.; Lobkovskii, E. B.; Shumakov, 
A. I. Struct. Chem. (Engl. Transl.) 1976, 17, 912. Hdekstra, H. R.; 
Katz, J. J. J .  Am. Chem. SOC. 1949, 71, 2488. Jensen, J. A.; Wilson, 
S. R.; Gerolami, G. S. J .  Am. Chem. SOC. 1988, 110,4977. Franz, H.; 
Fusstetter, H.; Noth, H. Z. Anorg. Allg. Chem. 1976, 427, 97. 

(IO) Floriani, C.; Lesueur, W. Manuscript in  preparation. 

7.02 (d, 2 H, Ph), 4.07 (d, I H, J H - H  = 14.2 Hz, CHZ), 3.74 (d, 1 H, 
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Table 11. Fractional Atomic Coordinates (X104) for Comolex 2 
atom 
Ti 
01 
0 2  
CI 
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
CIO 
CI I 
c 1 2  
C13 
C14 
C15 
C16 
C17 
C18 
C19 
c 2 0  
c 2 1  
c 2 2  
C23 
BI  
B2 

XI0 

89 (1) 
-1043 (3) 

1101 (3) 
-I 520 (5) 
-2952 (5) 
-3362 (5) 
-2471 (6) 
-1072 (5) 

-602 (5) 
948 (5) 

1641 (5) 
2232 (5) 
2876 (5) 
2894 (5) 
2316 (4) 
1682 (4) 

-3972 (5) 
-5451 (6) 
-3625 (6) 
-3982 (6) 
-3013 (7) 

3541 (7) 
2359 (5) 
904 (6) 

3132 (6) 
31 16 (6) 

1300 (9) 
-1044 (8) 

Ylb 
2400 ( I )  
1660 (2) 
2981 (2) 
1521 (3) 
1452 (3) 
1390 (4) 
1353 (4) 
1352 (4) 
1428 (3) 
1374 (3) 
2374 (3) 
2511 (4) 
3429 (4) 
4189 (4) 
4092 (3) 
3153 (3) 
1434 (4) 
1328 (5) 
493 (5) 

2423 (5) 
1336 (5) 
3565 (5) 
4956 (4) 
5364 (4) 
4562 (4) 
5889 (4) 
3640 (6) 
1366 (6) 

Z I C  

1913 ( I )  
2847 (3) 
3220 (3) 
4133 (5) 
4273 (5) 
5611 (5) 
6770 (5) 
6586 (5) 
5273 (5) 
5120 (5) 
5479 (5) 
6791 (5) 
7135 (5) 
6135 (5) 
4798 (5) 
4508 (4) 
3011 (5) 
3471 (7) 
21 I3 (6) 
2148 (7) 
8201 (6) 
8550 (6) 
3718 (5) 
3270 (6) 
2478 (6) 
4322 (7) 

775 (8) 
592 (8) 

Table 111. Fractional Atomic Coordinates (X104) for Comolex 4 

atom xla Ylb Z I C  

Zr 5851.5 (4) 2651.6 (4) 1240.0 (5) 
01 
0 2  
0 3  
CI 
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
CIO 
CI I 
c 1 2  
C13 
C14 
C15 
C16 
c 1 7  
C18 
C19 
c 20 
c 2  1 
c 2 2  
C23 
C24 
C25 
C27 
C26A 
C26B 
BI 
8 2  

6512 (2j  
6742 (2) 
5018 (2) 
7012 (3) 
7108 (3) 
7619 (4) 
8007 (4) 
7895 (4) 
7402 (4) 
7319 (4) 
7869 (4) 
8704 (4) 
9236 (4) 
8911 (4) 
8088 (4) 
7567 (4) 
6690 (4) 
6977 (5) 
6927 ( 5 )  
5746 (5) 
8515 (5) 

10143 (5) 
7778 (4) 
8452 (5) 
7530 (6) 
7043 (6) 
4192 (4) 
3844 (5) 
51 19 (4) 
4287 ( 1 1 )  
4538 ( I  1 )  
5589 (6) 
4821 (6) 

2616 (3 j  
3074 (3) 
3107 (3) 
2931 (4) 
2494 (4) 
2889 (5) 
3668 (5) 
4070 (4) 
3714 (4) 
4167 (4) 
3818 (4) 
4027 (4) 
3749 (4) 
3266 (4) 
3025 (4) 
3303 (4) 
1640 (4) 
967 ( 5 )  

1300 (5) 
1746 (6) 
4060 (5) 
3981 (6) 
2467 (5)  
2333 (6) 
1602 (6) 
2888 (7) 
2777 (5) 
3320 (5) 
3920 (5) 
4146 ( I  I )  
3875 ( I  I )  
1205 (6) 
3606 (8) 

2727 (3) 
766 (3) 

-375 (3) 
3685 (5) 
4642 (4) 
5581 (5) 
5595 (5) 
4621 (5) 
3656 (5) 
2620 (5) 
2012 (5) 
2373 (5) 
1851 (6) 
919 (5) 
519 (5) 

1098 (5) 
4696 (5) 
4060 (6) 
5843 (6) 
4251 (7) 
6628 (6) 
2254 (8) 
-485 (5) 

-1017 (6) 
-205 (7) 

-1307 (6) 
-912 (5) 

-1901 (6) 
-862 (6) 

-1602 (14) 
-2008 (14) 

794 (7) 
1769 (8) 

formed, which was refluxed for 24 h. Then ZrCI,(THF), (33.6 g, 89.1 5 
mmol) was added, and no color change was observed. The solution was 
refluxed for 12 h. and then the solvent was evaporated to dryness. By 
extraction of the white residue with Et20,  a white crystalline solid was 
obtaincd (47.4 g, yicld 82.56). Anal. Calcd for [(BP)ZrCI,(THF),], 
C3,H&l2O4Zr: c, 57.74; H, 7.19. Found: C, 57.68; H, 7.17. 'H NMR 
(200 MHz. CD2C12, ppm, room temperature): d 7.08 (d, 2 H, Ph), 6.90 

3.63 (d, 1 H, JH-H = 14.5 Hz, CHI), 2.24 (s,  6 H,p-Me),  1.72 (b, 8 H, 
(d. 2 H. Ph), 4.32 (d, 1 H, J H - H  = 14.5 Hz, CH2), 3.75 (b, 8 H, tho,  

t ho ,  1.38 (s, 18 H. O-Bu'). 

Table IV. Selected Bond Distances (A) and Angles (deg) for 
Complex 2 

Ti-0 I 1.791 (3) Ti-H3B1 1.951 
Ti-02 1.761 (3) Ti-HIB2 1.875 
Ti-BI 2.184 (7) Ti-H2B2 2.013 
Ti-B2 2.205 (8) Ti-H3B2 1.984 
Ti-H 1 B 1 1.978 01-c1 1.368 (5) 
Ti-H2BI I .870 0 2 - c  1 3 1.365 (5) 

BI-Ti-B2 113.7 (3) 01-Ti-BI 110.6 (3) 
02-Ti-B2 112.4 (2) 01-Ti-02 103.9 (2) 
02-Ti-BI 106.7 (2) Ti-01-CI 142.9 (3) 
OI-Ti-B2 109.1 (2) Ti-02-CI3 158.6 (3) 

Table V. Selected Bond Distances (A) and Angles (deg) for 
Comolex 4 

Zr-0 I 1.922 (3) Zr-H2BI 2.036 
Zr-02 1.937 (41 Zr-H3BI 2.162 
Zr-03 2.263 i3j Zr-H 1 B2 2. I25 
Zr-B I 2.354 (8) Zr-H2B2 1.999 
Zr-B2 2.572 (12) 01-C1 1.370 (6) 
Zr-H 1 BI 2.068 02-C 13 1.379 (7) 

BI-Zr-B2 122.7 (4) 01-Zr-B2 87.9 (3) 
03-Zr-B2 78.3 (3) 01-Zr-B1 103.2 (3) 
03-Zr-BI 93.4 (2) 01-Zr-03 162.5 (2) 
02-Zr-B2 124.3 (3) 01-Zr-02 94.6 (2) 
02-Zr-BI 110.8 (3) Zr-01-CI 156.5 (4) 
02-Zr-03 84.5 (2) Zr-02-C13 144.3 (4) 

Preparation of 2. To a pentane (100 mL) suspension of [(BP)TiCI,] 
(3.0 g, 6.81 mmol) was added LiBH, (0.3 g, 13.63 mmol), and the 
mixture was kept on stirring for 24 h. LiCl was filtered off and the red 
solution kept on standing at 0 OC for 24 h. A red crystalline solid 
precipitated (2.1 g, yield 74%). 'H  NMR (200 MHz, C6D,, ppm, rmm 
temperature): 6 6.90 (d, 2 H, Ph), 6.85 (d, 2 H, Ph), 4.66 (d, 1 H, JH-H 
= 13.9 Hz, CH2), 3.22 (d, I H, J H - H  = 13.9 Hz, CHI),  2 (broad, 8 H, 
BH,), 2.04 (s, 6 H,p-Me), 1.37 (s, 18 H, &But). 'IB NMR [200 MHz, 
THF, ppm, F3BOEt2 used as a reference (6(F,BOEt2) = O)]: d("B) = 
-18.8 (broad, BH4). IR (Nujol): 2559, 2542 cm-' (tridentate B-HI 
stretching); 2209, 21 18 cm-' (tridentate B-Hb sym and antisym 
stretching). Anal. Calcd for [(BP)Ti(BH,),], C23H38B202Ti: C, 66.40; 
H, 9.21. Found: C, 66.40; H, 9.30. 

Preparation of 4. To a E t 2 0  (100 mL) suspension of [(BP)ZrCI,(T- 
HF),] (5.0 g, 7.76 mmol) was added LiBH, (0.34 g, 15.52 mmol), and 
the mixture was kept on stirring for 12 h. LiCl was filtered off and the 
colorless solution evaporated to dryness. The white residue was dissolved 
in n-hexane (100 mL), and after the solution was standing for 12 h, a 
white crystalline solid was obtained (3.0 g, yield 72%). 'H  NMR (200 
MHz, c6D6, ppm, room temperature): 6 7.08 (d, 2 H, Ph), 6.99 (d. 2 

(d, 1 H, JH-H = 13.7 Hz, CHI), 2.13 (s, 6 H,p-Me),  1.80 (broad, 8 H, 
BH,), 1.48 (s, 18 H, o-Bu'), 1.18 (m, 4 H, t h o .  "B NMR [200 MHz, 
THF, ppm, BF3(Et20)2 used as a reference (d(BF3 (Et20)) = O)]: d(llB) 
= -15.9 (q, JIIB-H = 91.5 Hz, BH,). IR (Nujol): 2539 cm-' (tridentate 
B-H, stretching); 2458, 2400 cm-' (bidentate B-HI sym and antisym 
stretching); 2219, 21 17 cm-' (tridentate B-Hb sym and antisym 
stretching); 2020 cm-' (bidentate B-Hb sym and antisym overlapped 
bands stretching). Anal. Calcd for [(BP)Zr(BH,),(THF),], 
CJIHS4B204Zr: C, 61.69; H, 9.02. Found: C, 62.10; H, 9.26. 
Results and Discussion 

2. 

H, Ph), 4.81 (d, I H, J H - H  = 13.7 Hz, CHI), 3.80 (m, 4 H, thf), 3.59 

Complexes I' and  3 react with LiBH, according to eqs I and  

r 1 

+ 2LiBH4 
41c1 - 

2 

4 
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Figure 1. IR spectrum in the B-H region of complexes 2 and 4. 

Complexes 2 and 4 have been obtained as red and white 
crystalline solids, respectively, in a yield higher than 70%. The 
structure given is based on the X-ray analysis (vide infra). In 
both complexes the ‘ H  NMR spectrum did not distinguish, re- 
gardless of the temperature, spectra being recorded from room 
temperature down to 193 K, between different types of hydrogens. 
A broad band was observed in both cases, suggesting a very 
dynamic behavior, averaging all kinds of hydrogens of the BH4 
ligand. The mechanism of such a fluxional behavior is known, 
as well as the pathway through which the exchange of hydrogens 
0ccurs.II IlB NMRI2 spectroscopy shows only one kind of boron 
atom in the proton-decoupled spectrum of 4. This is in agreement 
with their fluxional behavior. The TR spectra, on the contrary, 
in the solid state are very diagnostic (see Figure 1) for the presence 
of two tridentate BH4- groups in 2, and one bidentate and one 
tridentate in 4, in agreement with well-known examples from the 
literatureZ9-l3 (see Experimental Section). A significant parameter 
in solution is the A6 separation of the two doublets belonging to 
the diastereotopic hydrogens of the BP ligand (see structure I). 
Such a difference is very indicative of both the coordination 
number and the volume around the metal. The separation in- 
creases from 0.33 to 1.44 ppm going from 1 to 2 and from 0.69 
to 1.22 ppm from 3 to 4. Such high separations in 2 and 4 are 
diagnostic of a high coordination number ensured by a polydentate 
bonding mode of the BH4- anion.’ 

The structure of complex 2 is reported in Figure 2, while bond 
distances and angles are listed in Table IV. Oxygen and boron 
atoms define a tetrahedral coordination around titanium. Both 
BH4- anions act as tridentate ligands as proven by the closeness 
of the Ti-H distances?~~ ranging from 2.00 to 2.17 A, along with 
the linearity of the Ti-B-H, (t = terminal) skeleton (171 and 
177O). The T i 4  and Ti-H71 distances fall in the range of values 
usually observed for this kind of compound.’ The dioxametal- 

( I  I )  Nath, H.; Wrackmeyer, 9. N M R  Specrroscopy of Boron Compounds; 
Springer: Heidelberg, Germany, 1978; Chapter 7 and references 
therein. Marks, T. J.; Kolb, J. R. J .  Am. Chem. Soc. 1975, 97, 3397. 
Johnson, P. L.: Cohen, S. A.; Marks, T. J.; Williams, J. M. fbid. 1978, 
100, 2709. Marks, T. J.; Shimp, L. A. Ibid. 1972, 94, 1542. 

(12) Mann. 9. E. The Common Nuclei. In N M R  and the Periodic Table; 
Harris, R. K., Mann, 9. E., Eds.; Academic: London, 1978. 

(13) Marks. T. J.; Kennelly, W. J.; Kolb, J. R.; Shimp, L. A. Inorg. Chem. 
1972, I / ,  2540. James, 9. D.; Nanda. R. K.; Wallbridge, M. G. H. J .  
Chem. SOC. A 1966, 182. 

C 1 5  @ 
Figure 2. ORTEP drawing of complex 2 (30% probability ellipsoids). 

Figure 3. Projection of the chelation ring onto the plane perpendicular 
to the 0 2 4 3  line. 

lacycle Ti(BP) is puckered, the total puckering amplitude being 
1.038 (4) with a boat conformation. A projection of the 
chelation ring into the plane perpendicular to the 02.-01 line 
is reported in Figure 3. The dihedral angle between the two Ph 
rings is 64.1 (2)O. The structure of 4 is reported in Figure 4, while 
selected bond distances and angles are in Table V.  The structure 
consists of discrete monomeric units, where the zirconium atom 
is bonded to a tridentate BH4- and a bidentate BH4- group, two 
oxygen atoms of the BP ligand, and an oxygen atom from a T H F  
molecule. The coordination polyhedron of zirconium is a distorted 
trigonal bipyramid with B1, B2, and 0 2  atoms defining the 
equatorial plane, and 01 and 0 3  the axial positions. The zir- 
conium atom is at 0.196 ( I )  A from the equatorial plane toward 
the 01 oxygen atom. The tridentate bonding mode of one of the 
B(I)H4- anions is proved by the closeness of the Zr-H distances 
(2.04-2.16 as well as the linearity of the Zr-BI-H4 unit 
(175O). The bidentate bonding mode of the B(2)H4- anion is in 
agreement with the Zr-H distances ranging between 2.00 and 2.12 
A and the Zr-B-H, angles ranging from 122.5 to 1 13.4O?~~~ The 
dioxametallacycle is puckered, the total puckering amplitude being 
1.194 ( 6 )  A with a boat conformation. The projection of the 
chelation ring into the plane perpendicular to the 01.-02 line 
is reported i n  Figure 5. The dihedral angle between the two Ph 

(14) Cremer, D.; Pople. J. A. J .  Am. Chem. SOC. 1975, 97, 1354. 
(15)  Coucouvanis, D.; Lester, R. K.; Kanatzidis, M. G.; Kessissoglou, D. P. 

J. Am. Chem. Soc. 1985, 107, 8279. Kot, W. K.; Edelstein, N. M.; 
Zalkin, A. Inorg. Chem. 1987, 26, 1339. 
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C18 

Figure 4. ORTEP drawing of complex 4 (30% probability ellipsoids). 

Figure 5. Projection of the chelation ring onto the plane perpendicular 
to the OI.-O2 linc. 

rings is 68.8 (2)”. 
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Introduction 
The preparative chemistry of several types of boron-nitrogen 

compounds, especially those containing Si-N-B, B-N-B, and/or 

( I )  Taken in part from: Shaw, S. Y. Ph.D. Dissertation, Texas Christian 
University. Fort Worth, TX, 1988. 

P-N-B linkages, is under current investigation in our laboratory.2 
Many of these compounds are of interest either as possible pre- 
cursors to or structural and stereochemical models3 for B-N 
polymer systems. As an aspect of these overall studies, we report 
here on the synthesis and characterization of several new reagents 
that should be useful for the introduction of N-boryl functional 
groups into such compounds. In particular, various (trifuoro- 
ethoxy)boranes were selected as target compounds for synthesis, 
since the OCH2CF, group is known to be an excellent leaving 
group in condensation polymerizations [e.g., poly(phosphazenes)].4 
Results and Discussion 

The new bis(trifluoroethoxy)borane 1 was prepared via the 
reaction of PhBCll with 2 equiv of lithium trifluoroethoxide. 
Compound 1 was obtained in 61% yield as a colorless liquid that 
was characterized by NMR (‘H, I3C, and IlB) spectroscopy (Table 
1) and elemental analysis (Table 11). Alternatively, 1 could be 
prepared (in 81% yield) via the S i 4  cleavage reaction of PhBC12 
with Me3SiOCH2CF, (eq 1). In a similar manner, treatment 

c PCHZCF3 (1 ) 
2 UOCH2CF3 

Ph--8 
/”‘ 

Ph--8 
or 2 Me3SIOCH2CF3 b ‘0 C H2C F3 

1 

of BC13 with LiOCH,CF, in a 1:3 mole ratio afforded tris(tri- 
fluoroethoxy)borane, (CF,CH,O),B (2), in 36% isolated yield. 
A satisfactory elemental analysis of 2 was not obtained, however, 
due to the presence of a small amount of an unidentified impurity 
that could not be removed by fractional distillation. 

The desired chlorinated derivatives of these alkoxyboranes were 
prepared by means of ligand exchange with the appropriate 
chloroboranes. This type of reaction is well-known in aminoborane 
chemistry, for example, in the preparation of CIB(NMe2), from 
B(NMe2), and BCI,.5 Thus, treatment of 1 and 2 with PhBClz 
and BCI,, respectively, in the appropriate proportions afforded 
the chloro(trifluoroethoxy)boranes 3-5 as colorless, moisture- 
sensitive liquids (eqs 2 and 3). Compound 3 (eq 2) was isolated 

PCHZCF3 
R-B 

‘OCHzCF3 

3 

5 : n = 2  

in 95% yield and was fully characterized by NMR spectroscopy 
and elemental analysis (Tables I and 11). In an alternate attempt 
to synthesize 3, a neat sample of PhBCI, was treated with an 
equimolar amount of Me3SiOCH2CF3. This process resulted in 
a nearly 1: l  mixture of mono-(3) and disubstituted (1) products 
from which 3 could not be isolated in pure form. The ligand- 
exchange reaction of the tris(trifluoroethoxy) derivative 2 with 

equiv of BCI, (eq 3) also resulted in a mixture (of unreacted 
2 and the chloroboranes 4 and 5) instead of only the monosub- 
stituted product 4 as desired. In this case, however, compound 
4 was isolated in 36% yield by fractional distillation as a very 
air-sensitive, colorless liquid. 

The reactivity of compound 3 was studied in order to test its 
usefulness for transferring the PhB(OCHzCF,)- moiety to other 
substrates such as the diazoboracyclohexane ring. Two types of 

(2) For accounts of preliminary results presented at meetings, see: (a) 
Shaw, S. Y.; DuBois, D. A.; Neilson, R. H. ACS Symp. Ser. 1988.360, 
385 .  (b) Shaw, Y. S.; Scheide, G. M.; Davis, C. E.; Mukherjee, P.; 
Neilson, R. H. Phosphorus, Suljur Silicon Relat. 1989, 41, 141. 

(3 )  Shaw, Y. S.: DuBois, D. A.; Watson, W. H.; Neilson, R. H. Inorg. 
Chem. 1988, 27,914.  

(4) Neilson, R. H.; Wisian-Neilson, P. Chem. Reo. 1988, 88, 541. 
( 5 )  Niedenzu, K. ;  Dawson, J. W. Boron-Nitrogen Compounds; Springer- 

Verlag: New York, 1965. 
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