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Abstract-The trioxotechnetium(VI1) complexes TcO,Cl(AA) (AA = phen, bpy, 5-N02- 
phen, 3,4,7,8-Me,-phen) cleanly oxidize olefins (C,R,) in solution at 22”C, forming in high 
yields the corresponding oxotechnetiumm diolate complexes, TcOC1(OCR2CR20)(AA). 
The complexes have been characterized by ‘H NMR, IR, elemental analysis, and fast atom 
bombardment mass spectrometry. The free diols isolated by hydrolysis of these diolate 
complexes with HCl were shown by capillary gas chromatography to represent syn addition 
of the two hydroxyl groups across the double bond. The related rhenium complex, 
ReOC1(OCH2CHzO)(phen) undergoes the reverse reaction when thermalized, releasing 
ethylene and producing ReO,Cl(phen). 

All of the transition metal species known to effect 
the cis-dihydroxylation of olef& (i.e. 0s04, Ru04 
and MnO;) are tetrahedral tetraoxides. ’ Although 
alkaline permanganate is capable of oxidizing 
alkenes to cis- 1 ,Zdiols, the reaction conditions 
must be carefully controlled to prevent over-ox- 
idation.2 No such activity has been demonstrated 
with the heavier group seven species pertechnetate 
(TcO;) and perrhenate (ReO;). A few examples of 
the reverse reaction, the conversion of a coor- 
dinated vicinal diolate into an olefin, have been 
reported with the third row elements tungsten3 
and rhenium.4 This paper describes the oxidation 
of olefins to the corresponding diolates with the 
trioxotechnetium(VI1) complexes TcO,Cl(AA) 
(AA = phen, bpy, Me,-phen, NOz-phen) and the 
thermal decomposition of the oxorhenium(V) diol- 
ate ReOCl(phen)(eg) (eg = 1,Zethanediolate) into 
ReO,Cl(phen) and ethylene. 

EXPERIMENTAL 

Instrumentation 
Fourier transform IR spectra were measured 

from 4800 to 400 cm-’ on an IBM IR/3OS spec- 
trometer with DTGS detector and 2 cm-’ band- 
width. ‘H NMR spectra were recorded at 250 MHz 
on a Bruker WM-250, or at 300 MHz on a Varian 
XL-300. 

*Author to whom correspondence should be addressed. 

Fast atom bombardment mass spectra were mea- 
sured on samples dissolved in a 3-nitrobenzyl alco- 
hol matrix using a MAT 731 mass spectrometer 
operating at an accelerating voltage of 8 kV. The 
source was equipped with an Ion Tech Bl 1N FAB 
gun producing a beam with 6-8 keV xenon neutrals. 

UV and visible absorption spectra were recorded 
on a Hewlett Packard 8451A photodiode array 
spectrophotometer. Elemental analyses were per- 
formed by Atlantic Microlab Inc., Norcross, GA. 

Gas chromatography was performed using a HP- 
5890A capillary gas chromatograph equipped with 
a flame ionization detector. Separation of diols was 
performed with a 28.5 m long, 0.317 mm ID J&W 
fused silica column supporting a 0.25 p film of DB- 
5 (5% phenylmethyl silicone). The temperature pro- 
grammer held the column at 50°C for 4 min then 
ramped at 8” min- ’ to a maximum temperature of 
250°C. 

Syntheses 
Caution! 99Tc is a fi- emitter (tllz = 2.1 x lo5 y). 

All manipulations of solutions and solids were per- 
formed in a laboratory approved for the handling 
of radioisotopes using precautions outlined else- 
where. ’ 

All solvents were of at least reagent grade and 
were used as received unless otherwise noted. Di- 
chloromethane, preserved with 70 ppm of iso- 
pentene, was stirred overnight with concentrated 
H2SO4, washed with saturated aqueous Na2C03, 
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and predried over anhydrous CaCl,. It was then 
distilled under Nz from P40,0 and stored in the 
dark under Nz. Water was passed through a Barn- 
stead Ultrapure ion-exchange column and dis- 
tilled using a Corning AG-1 glass still. TcO&l 
(phen) and TcO,Cl(bpy) were prepared by the 
method of Davison et ~1.~ (Ph,As)[ReOClJ was 
prepared by the method of Cotton and Lippard.7 
Styrene (Aldrich, 99+ %, stabilized with 10-15 
ppm *Bu-catechol) was vacuum distilled (b.p. 45- 
48°C) using a vacuum insulated, glass bead 
packed column. Dibutyl fumarate was prepared 
by condensation of “BuOH (Mallinckrodt) with 
fumaryl chloride (Aldrich, 95%) in Et,0 using 
pyridine to scavenge generated HCl. 

Preparation of TcO,C1(5-NO,-phen) 

To 0.109 g 5-nitro-l,lO-phenanthroline (G. F. 
Smith) was added 10 cm3 MeOH. The ligand was 
dissolved by gentle heating and the resulting solu- 
tion cooled to ambient temperature before adding 
0.5 cm3 of 0.385 M (NH,)[TcO,] (0.193 mmol). The 
solution was stirred and 1.5 cm3 concentrated HCl 
was added dropwise. An olive-green precipitate for- 
med almost immediately. After cooling the reaction 
mixture to -20°C the product was collected on 
a medium porosity fritted glass funnel. After wash- 
ing well with MeOH, the product was dried in 
uacuo overnight. Yield: 77.90 mg, 99%. Found: 
C, 35.8; H, 1.94; Cl, 8.8; N, 10.6. Calc. for C,,H, 
C1N30STc: C, 35.4; H, 1.7; Cl, 10.3; N, 10.3%. 
IR (KBr): 3057 cm-’ (w), 3086(w), 1535(s), 
1516(s), 1489(w), 1456(w), 1430(m), 1419(m), 
1386(m), 1354(m), 1330(s), 1297(w), 1254(w), 
1222(w), 1202(w), 1180(w), 1149(w), 1119(w), 
899(vs), 872(s), 839(m), 824(m), 756(m), 737(w), 
721(m), 654(w). FABMS( +) : 42 373 
(M+H-Cl)+, 357 (M+H-Cl-O)+, 340 (M- 
Cl-20)+. 

Preparation of Tc03C1(3,4,7,8-Me,-phen) 

0.109 g of 3,4,7,8-tetramethyl-l,lO-phenan- 
throline (G. F. Smith) was dissolved in 15 cm3 
EtOH. To the resulting solution was added 0.5 cm3 
of 0.3 M (NH,)[TcO,] followed by 1.5 cm3 of con- 
centrated HCl. A white precipitate (presumably 
Me,-phen - HCl) formed immediately and became 
yellow after stirring overnight. The mixture was 
filtered on a fritted glass funnel and rinsed well with 
MeOH, EtOH and acetone, then dried in wzcuo 
overnight. Yield: 32.66 mg, 52%. IR (KBr): 
vTc=O 892 cm-‘(s), 874(m). 

Reaction of TcO,Cl(AA) with alkenes in CH2C12 

Preparation of TcOCl(DL-4,5-octunediohte) 
(phen). Into a 50 cm3 Erlemneyer flask was added 
0.38 g of truns-Coctene (3.39 mmol), 40 cm3 
of purified CH2C12, and 76.67 mg of chloro- 
trioxo( l,lO-phenanthroline)technetium(VII) (0.212 
mmol). The resulting yellow slurry was mag- 
netically stirred vigorously for approximately 30 
min. The reaction mixture became a homogeneous 
green solution which was filtered through a medium 
porosity fritted glass disc. After adding 20 cm3 of 
n-heptane to the filtrate, the solution was con- 
centrated by rotary evaporation until precipitation 
commenced. Further precipitation was effected by 
chilling to - 20°C. The green microscrystalline pre- 
cipitate was isolated on a medium porosity fritted 
glass funnel and rinsed with n-heptane and n- 
hexane, then dried in vucuo overnight. Yield : 72.01 
mg,72%.Found:C,50.0;H,5.1;Cl,. 7.4;N,5.9. 
Calc. for C2,,H2&1N203Tc : C, 50.6 ; H, 5.1 ; Cl, 
7.5; N, 5.9%. IR (KBr): 3052 cm-‘(w), 2957(w), 
2929(w), 2902(w), 2870(w), 1518(w), 1464(w), 
1457(w), 1425(m), 1413(w), 1223(w), 1069(w), 
990(w), 944(s), 911(w), 873(w), 856(m), 779(w), 
739(w), 725(s), 693(w), 680(w), 662(w), 649(w). ‘H 
NMR (CDC13): 6 10.39 (dd, integral = 8), 10.17 
(dd, 5), 9.01 (m, 12), 8.42 (dd, 12), 8.33 (m, ll), 7.94 
(m, 13), 7.90 (s, 20), 7.63 (m, 12), 5.77 (m, 7), 5.02 
(q, 4), 4.78 (q, 4), 4.19 (m, 7), 2.6-0.7 (“Pr multiplets, 
165). UV-vis (CH,Cl,): Imax 270 nm(29,700 1 
mall ’ cm- ‘), 320(sh), 440(3,000), 640(46), 
820(41). FABMS(+): m/z [ion, abundance]: 913 
[(2M-Cl)+, 3.4%], 894 [(2M+O-2Cl)+, 9.4%], 
474 [M+, 5.6%], 439 [(M-Cl)+, lOO%], 330 
[(M - octanediolate)+, 60%], 327 [(M -Cl - 
octene)+, 52%]. 

Preparation of TcOCl(meso-4,5-octunediolute) 
(phen). Using the procedure above but reacting 
78.68 mg of TcO,Cl(phen) (0.217 mmol) and 
0.42 g of cis-4-octene. Yield: 64.0 mg, 70%. IR 
(KBr): vTti 951 cm-‘. ‘H NMR (CDCl,): 6 
10.33 (dd, integral = 18), 10.24(d, lo), 8.99(dd, 32), 
8.42(dd, 33), 8.33(dd, 34), 7.95(m, 30), 7.89(s, 64), 
7.7-7.5(overlapping multiplets, 29), 5.98(m, 19), 
5.36(m, 32), 4.82(m, 1 l), 2.4-0.6(“Pr multiplets, 
- 640). FABMS(+): m/z439 (M-Cl)+. 

Preparation of TcOCl(DL-4,5-octunediohte)(5- 
NO*-phen). Using the procedure above but reacting 
23.78 mg of TcO,Cl(S-NOz-phen) (0.058 mmol) 
and 0.25 g of cis-4-octene. Yield: 18.6 mg, 61%. 
Found: C, 46.3; H, 4.5; Cl, 6.7; N, 8.1. Calc. for 
Cz0Hz3C1N30gTc: C, 46.2; H, 4.5; Cl, 6.8; N, 
8.1%. IR (KBr): vTc=O 956 cm-‘. ‘H NMR 
(CDC13): 6 10.6O(m, integral = 6), 10.37(m, 4), 
9.2(overlapping multiplets, 21), 8.86(m, 9), 8.63(d, 
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6), 8.54(m, 4), 8.l(m, II), 7.8(m, ll), 5.76(m, S), 
4.96(m, 4) 4.72(m, 4), 4.18(m, 8), 2.6-0.6(‘W mul- 
tiplets, N 136). UV-vis (CHzC13: 1max(s) 234 
nm(27,OOO 1 mol- ’ cm-‘), 276(32,000), 305(sh), 
315(sh), 33O(sh), 474(3,300). FABMS( +) : m/z 484 
(M-Cl)+. 

Preparation of TcOCl(meso-dibutyltartrate) 
(phen). Using the procedure above but reacting 
61.34 mg of TcO,Cl(phen) (0.169 mmol) and 
0.26 g of dibutyl maleate (Aldrich, 90%). Yield: 
61.18 mg, 61%. IR (KBr): vTc=O 953 cm-‘. 
vCk0 1740 cm-‘. ‘H NMR (CDC13): 6 10.28(m, 

integral = 5), lO.O8(dd, 8), 9.48(m, 8), 8.95(td, 5), 
8.51(dd, 13) 8.37(m, 13), 7.97(overlapping mul- 
tiplets, 38), 7.64(m, 14), 6.7(methine, 5), 6.G 
5.5(methine, 21), 4.5-3.8(a-methylene, 56), 1.9- 
l.l(methylene, 1 lo), l.lLO.7(methyl, 60). FABMS 

(+): m/z [ion, abundance]: 555 [(M-Cl)+, 
100%],460[(M-(C4H9)20)+, 8%],425 [(M-Cl- 
(GH&O)+, 36%], 327 [(M-Cl-C,zHz”OJ+, 5%]. 

microscrystalline product. Found : C, 5 1.1 ; H, 3.5 ; 
Cl, 7.7 ; N, 6.0. Calc. for C2”H1”C1N203Tc : C, 
51.5; H, 3.5; Cl, 7.6; N, 6.0%. IR (KBr): 3056 
cm- ‘(w), 2903(w), 2845(w), 1629(w), 1605(w), 
1579(w), 1520(m), 1490(w), 1452(w), 1429(s), 
1305(w), 1226(w), 1142(w), 1110(w), 1082(w), 
1025(w), 1013(m), 999(m), 948(s), 916(m), 873(w), 
856(m), 847(s), 806(w), 761(w), 740(w), 724(s), 
703(m), 685(m), 649(m), 631(w), 595(w), 586(w), 
575(w), 508(w), 445(w). ‘H NMR (CDC13) : 6 10.42, 
10.40 (2 overlapping dd, integral = 1 l), lO.l4(d, 4) 
9.13(m, ll), 9.06(dd, 4), 8.86(d, 3), 9&8.3(m, 30), 
8.1-7.8(m, 49), 7.8-7.6(m, 13), 7.55-7.3(m, 28), 
7.20(s, 36), 6.9(dd, 5),6.42(dd, 3), 6.21(dd, 7), 6.0(2 
overlapping dd, 4), 5.85(dd, 5), 5.74(dd, 4), 5.48(2 
overlapping dd, 8), 5.09(dd, 3), 4.86(dd, 3), 4.3 l(t, 
4). FABMS(+) : m/z [ion, abundance] : 467 
[(M+H)+. 3%]. 431 [(M-Cl)+. loo%]. 330 
[(M + H - styrenediolate)’ , 41 ‘I/o], 327 [(M + H - 
Cl - styrene)+ , 16%]. 

Preparation of TcOCl(DL-dibutyltartrate)(phen). 
Using the procedure above but reacting 32.64 mg 
of TcO,Cl(phen) (0.090 mmol) and 0.23 g dibutyl 
fumarate. Yield: 21.94 mg, 41%. TR (KBr): 
vTc=O 960 cm-‘, vC=O 1739 cm- ‘. ‘H NMR 
(CDClJ : 6 lO.l5(dd, integral = lo), lO.O4(dd, 15), 
9.47(dd, 15), 8.91(dd, lo), 8.47(dd,24),8.34(m,24), 
7.94(m, 25) 7.90(s, 46), 7.63(m, 28), 6.61(d, ll), 
5.49(d, 11) (AB q: BA = 5.63, &, = 5.53, 
JAB = 7.7 Hz, integral = 24) 4.5-3.8 (a methylene, 
97) 2.&l.l(methylene, 217), 1.1-0.5 (methyl, 126). 

Preparation of TcOCl( 1,2-cyclohexanediolate) 
(bpy). Using the procedure above but by react- 
ing 13.29 mg of TcO,Cl(bpy) (0.039 mmol) and 
cyclohexene (MC/B). Yield: 5.0 mg, 30%. IR 
(KBr) : vTc=O 949 cm- ‘. FABMS( +) : m/z [ion, 
abundance] : 420 [M+, 3%], 385 [(M-Cl)+, lOO%]. 

Preparation ef TcOCl(DL-5,6-decanediolufe) 

(3,4,7,8-Me,-phen). Using the procedure above 
but reacting 13.75 mg of TcO$1(3,4,7,8-Mer 
phen) (0.033 mmol) and trans-5-decene. Yield: 
11.5 mg, 63%. IR (KBr): vTc==O 939 cm- ‘. ‘H 
NMR (CDC13) : 6 10.07(s, integral = 9), 9.88(s, 6), 
8.98(s, 3), 8.74(s, 3), 8.70(s, 9), 8.14(s, 3), 7.98(s, 23), 
5.74(m, 8), 5.02(m, 3), 4.79(m, 3), 4.20(m, 7), 2.9 
2.3(methyl singlets, 150), 2.3-0.7 (nBu multiplets, 
200). 

Preparation of TcOCl(phenyl- 1,2_ethanediolate) 
(bpy). Using the procedure above but by react- 
ing 9.14 mg of TcO,Cl(bpy) (0.027 mmol) and 
distilled styrene. Yield : 5.07 mg, 42%. IR (KBr) : 
vTc=O 952 cm- ‘. FABMS( +) : m/z [ion, abun- 
dance]: 849 [(2M-Cl)+, 3%], 830 [(2M-2Cl+O)+, 
0.4%], 443 [(M+H)+, 4%], 407 [(M-Cl)+, lOO%], 
306 [(M - styrenediolate)+, 45%], 303 [(M -Cl - 
styrene) + , 26%], 287 [(M-Cl-styrene-O)+, 
39%]. 

Reaction of TcO,Cl(AA) with alkenes in acetone 

Preparation of TcOCl(DL-diphenyl-1,2-ethane- 
dioZate)(phen). Using the procedure above but by 
reacting 24.66 mg of TcO,Cl(phen) (0.068 mmol) 
and trans-stilbene (Aldrich, 96%). Yield : 18.19 mg, 
49%. IR (KBr): vTc=O 947 cm-‘. ‘H NMR 
(CDCl,): 6 10.5(d), 9.3(d), 8.5(d), 7.9(m), 7.6-6.6 
(overlapping multiplets), 6.7(d), 5.2(d). 

Preparation of TcOChphenyl- 1 ,Zethanediofate) Preparation of TcOCl(meso-diphenyl- 1,2-ethane- 
@hen). To 1 cm3 styrene combined with 1 cm3 dioZate)(phen). Using the procedure above but by 
acetone was added 50.66 mg of chloro- reacting 28.54 mg of TcO,Cl(phen) (0.079 mmol) 
trioxo( 1, IO-phenenthroline)technetium(V) (0.140 and cis-stilbene (Aldrich 97%). Yield: 16.65 mg, 
mmol). After 20 min, 15 cm3 CHzClz was added 39%. Found : C, 56.5 ; H, 4.0; Cl, 6.5. Calc. for 
to the resulting yellow-green slurry to dissolve C2,H,,ClN,03Tc: C, 57.5; H, 3.7; Cl, 6.5%. 
the product. The solution was filtered through FABMS( +) : m/z [ion, abundance] : 543 [(M + H)+, 
paper then concentrated by evaporation. To the 4%], 507 [(M-Cl)+, lOO%], 330 [(M- 
filtrate was added hexane until precipitation was stilbenediol)+ , 82%], 327 [(M-Cl-stilbene)+, 
incipient. After chilling to -20°C a precipitate 16%], 543 [(M-Cl-stilbene-O)+, 66%]. ‘H 
formed which was filtered in a fritted glass funnel NMR (CDCl,): 6 10.24(dd, lH), 9.14(dd, lH), 
and washed with hexane. The product was dried in 8.45(overlapping multiplets, 2H), 7.93(overlapping 
uacuo overnight yielding 48.05 mg, 74% of the green multiplets, 3H), 7.70(dd, lH), 7.45(d, J = 6.1 Hz, 
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lH), 7.3-6.9(overlapping multiplets, N lOH), 
6.62(d, J = 6.2 Hz, 1H). 

Preparation of TcOCl(DL-5,6_decanediolate) 
(phen). Using the procedure above but by react- 
ing 46.2 mg of TcO,Cl(phen) (0.127 mmol) 
and 5-decene (Aldrich, 99+ %). Yield : 49.1 mg, 
77%. Found: C, 52.4; H, 5.6; Cl, 7.1 ; N, 5.6. Calc. 
for C2zH&1N203Tc : C, 52.5 ; H, 5.7 ; Cl, 7.0 ; 
N, 5.6%. IR (KBr): vTc=O 948 cm-‘. ‘H NMR 
(CDCl,): 6 10.38(dd, integral = 6), lO.l8(dd, 3), 
9.02(dd, lo), 8.41(dd, lo), 8.33(dd, lo), 7.95(m, lo), 
7.89(s, 18),7.63(m, 12),5.78(m,6),5.04(~,3),4.78(q, 
3), 4.2O(m, 7), 2.5-0.7 (“Bu multiplets, 180). UV- 
vis (CHzClJ: dmax(s) 270 nm(32,lOO dm3 mol-’ 
cm- ‘), 444(3000), 628(70), 810(60). FABMS( +) : 
m/z [ion, abundance] : 503 [(M+H)+, 0.6%], 467 
[(M-Cl)+, lOO%], 409 [(M+Cl-C,H,,,)+, l%], 
330 [(M - decanediolate)+, 27%], 327 [(M -Cl - 
decene)+, lo%]. 

vent was removed at reduced pressure and the resi- 
due was recrystallized from CH,Cl,-hexane. IR 
(KBr) : vTc=O 948 cm- ‘. ‘H NMR ((CD,),CO) : 
6 10.29 (dd), 10.11 (dd), 8.95 (dd), 8.80 (dd), 8.70 
(dd), 8.19 (m), 7.85 (m), (AB : aA = 5.80, &, = 5.53, 
J = 11.0 Hz), (AB q: aA = 4.91, 8a = 4.78, 
JAB = 10.5 Hz), 1.53 (s), 1.29 (s), 1.17 (s), 1.05 (s). 
FABMS( +) : m/z 383 (M -Cl)‘. 

Preparation of TcOCl(uinyl- 1,2-ethanediolate) 
(phen). Using the procedure above, but substitut- 
ing 1,3-butadiene (Matheson, C.P.) for the iso- 
butylene, 8.42 mg of TcO,Cl(phen) (0.023 mmol) 
was converted to the corresponding diolate 
complex. IR (KBr): VT& 951 cm-‘. ‘H NMR 
(CDC13) : 6 10.5-7.5(aromatic protons, inte- 
gral = 69), 6.6-4.l(olefinic and aliphatic protons, 
integral = 47). Ratio of aromatic to others, 8 : 5.4 ; 
talc. for TcOCl(vinyl-1,2_ethenediolate)(phen), 
8 : 6. FABMS( +) : m/z 381 (M-Cl)+. 

Reaction of TcO,Cl(AA) with gaseous alkenes One pot reaction from pertechnetate 

Preparation of TcOCl(eg)(phen). To 18 cm3 of 
CHzClz in a 20 cm3 disposable vial was added 34.59 
mg of chlorotrioxo( 1,l O-phenanthroline)techne- 
tium(VI1) (0.095 mmol). Ethylene (Matheson, C.P. 
grade) was gently bubbled through the solution 
for approximately 1 h, periodically adding di- 
chloromethane to compensate for evaporative 
losses, until the solution became clear green. 
Heptane was added and the solution was con- 
centrated under vacuum until a green mic- 
rocrystalline precipitate appeared. Yield : 28.33 mg, 
76%. 

The product is spectroscopically identical to the 
crystallographically characterized material pre- 
pared by the reaction of [TcOCl,]- with HOCHl 
CHIOH and phen.’ 

Preparation of TcOCl( I,1 -dimeth?ll- 1,2-ethane- 
dioZate)(phen). Into a 100 cm3 round bottomed flask 
with a side-arm and stopcock was added 20 cm3 of 
acetone and 29.58 mg of chlorotrioxo(l,lO-phen- 
anthroline)technetium(VII) (0.082 mmol). The flask 
was then sealed with a latex balloon and isobutylene 
(Matheson, C.P.) was admitted through the side- 
arm. The balloon was filled and deflated twice to 
purge the air trapped in the system. The balloon 
was once again filled and the solution stirred 
rapidly. The dissolution of isobutylene in the ace- 
tone solution was enhanced by chilling the flask in 
a salt-ice-water bath until the balloon had com- 
pletely collapsed. The solution was stirred at ambi- 
ent temperature for two additional hours, by which 
time the solution had become clear green. The sol- 

Preparation of TcOCl(DL-4,5_octanediolate) 
(phen). To 20 cm3 of anhydrous EtOH in a 50 
cm3 Erlenmeyer flask was dissolved 0.28 g of 
1 , 1 0-phenanthroline monohydrate (1.41 mmol) fol- 
lowed by 0.5 cm3 of 0.42 M (NHJTcO,] (0.21 
mmol). To the stirred solution was added 3 cm3 of 
cont. HCl. After 1 min, 0.6 g of trans-Coctene was 
added followed by sufficient CHzClz and water to 
form two phases. The green organic layer was sep- 
arated and the aqueous layer was discarded. The 
organic layer was washed with two portions of 
dilute HCl, then dried over anhydrous NazSO,. 
After filtration, the solvent was removed at reduced 
pressure leaving small green crystals suspended in 
a colourless oil. The product was isolated by adding 
Et,O, then filtering on a fritted glass funnel. The 
product was washed with additional Et,0 and dried 
in vacua overnight. Yield : 40.16 mg, 40%. 

Hydrolysis reactions 

* Other drying agents, such as Na$O, or KzC03 were 
subsequently determined to be preferable. 

Preparation of 4,5-octanediols. Into a stirred 
mixture of 30 cm3 of Et,0 and 10 cm3 of cont. 
HCl in a 100 cm3 Erlenmeyer flask was added 
57.41 mg chlorooxo(DL-4,5-octanediolato)(l,lO- 
phenanthroline)technetium(V) (0.121 mmol). The 
colour rapidly changed from green to bright yellow. 
The yellow solid was removed by filtration through 
paper. The precipitate was determined to be TcO 
Cl,(phen) by its IR spectrum, vTc=O 978 cm-’ 
(lit. 977 cm- ‘). The two phases of the filtrate were 
separated, saving the organic layer then drying it 
with MgS04.* The drying agent was removed by 
filtration and the filtrate was evaporated to a 
colourless oil. Yield N 7 mg, 40%. A similar 
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hydrolysis reaction was performed for the meso iso- 
mer. 

Preparation of phenyl-1 ,Zethanediol. Hydrolysis 
was carried out as above, but reacting 15.36 mg 
of TcOCl(OCHPhCH,O)(phen) (0.033 mmol). The 
product was purified by vacuum sublimation at 
100°C. ‘H NMR (CDCl,): 6 7.37 (m, 5H), 4.84 
(dd, lH), 3.76 (dd, lH), 3.68 (dd, lH), 2.5 (broad, 
- lH), 1.26(s, - 1H). EIMS(+) 2O”C, 30 eV; m/z 
[ion, abundance] : 138 [(M)+, 39%], 120 
[(M-H,O)+, 4%], 107 [(M-CH,OH)+, lOO%], 
91 [(C7H7)+, 5%], 79 [(C,H,)+, 45%]. 

Preparation of ReOCl(eg)(phen). To 35.05 mg of 
(Ph,As)[ReOClJ (0.048 mmol) in a disposable vial 
was added 1.5 cm3 of MeOH and 0.5 cm3 of 1,2- 
ethanediol (Fisher). The resulting blue solution was 
stirred for 5 min before adding 41 mg of crystalline 
1 , 1 0-phenanthroline monohydrate (Baker, 0.207 
mmol) with vigorous stirring. The solution immedi- 

ing under vacuum, the red-brown colour faded 
within 5 min. The resulting off-white powder 
was cooled under vacuum and reweighed (22.3 
mg). Mechanical losses in transfer make accurate 
weight-loss determination impossible at this 
scale. IR (KBr): 3058 cn- ‘(w), 1629(w), 1583(w), 
1520(m), 1494(w), 1428(m), 1412(w), 1314(w), 
1224(w), 1203(w), 1144(w), 111 l(w), 942(s), 
922(s), 910(s), 873(m), 851(s), 776(w), 743(m), 
722(s), 653(w), 509(w), 492(w), 430(w), 419(w). 
FABMS(+): m/z 415 (M-Cl)+. 

RESULTS AND DISCUSSION 

Slurries of TcO,CI(AA) (AA = phen, bpy, Me,- 
phen, NO*-phen) in acetone or dichloromethane 
react with a wide variety of olefins (C,R,) to form 
the corresponding technetium(V) diolates, TcOCl 

(OCR&R@)(AA) [es. (111. 

RI , 5 x Acetone 

5 % 22°C 
(1) 

ately became red-brown and a precipitate gradual- 
ly formed. The solid (17.29 mg, 75%) was collected 
on a medium porosity fritted glass funnel and rinsed 
with methanol and hexanes, then dried in uacuo at 
room temperature. The product is slightly soluble 
in CH2C12. IR (KBr): 3050 cm-‘(w), 2914(w), 
2845(m), 1631(w), 1574(w), 1516(w), 1489(w), 
1454(w), 1429(m), 1414(w), 1326(w), 1250(w), 
1226(w), 1210(w), 1061(w), 1021(s), 963(vs), 907(s), 
875(w), 851(s), 829(w), 781(w), 740(w), 719(s), 
656(m), 651(m), 617(s), 541(m), 514(w), 508(w). ‘H 
NMR (CDCl,): 6 9.42(dd, lH), 8.90(dd, lH), 
8.39(dd, lH), 7.97(m, IH), (AB q: aA = 8.04, 
LIB = 7.89, JAB = 9.17 Hz, 2H), 7.72(dd, lH), 
7.63(m, lH), 5.67(m, lH), 5.11(m, lH), 4.68(m, 
lH), 4.27(m, 1H). FABMS(+): m/z [ion, abun- 
dance] : 478 [(M)+, 55%], 443 [(M-Cl)+, lOO%], 
418 [(M-0CH2CH20)+, 30%], 415 [(M-Cl- 
CzHJ+, 60%], 399 [(M-Cl-CzH4-O)+, 30%]. 

Thermolysis of ReOCl(eg)(phen) 

Preparation of ReO$l@hen). Chloro( 1,2- 
ethanediolato)oxo( 1,10 - phenanthroline)rhenium(V) 
(26.0 mg, 0.054 mmol) was placed in a 25 cm3 
round-bottom flask. The system was carefully 
evacuated to N 0.2 torr and then heated in an oil 
bath to 160°C for 1 h. No reaction was evident. 
On subsequent heating to 220°C while remain- 

The isolated yields of the diolate products, sum- 
marized in Table 1, are generally greater than 70%. 
Variations in the yield depend strongly on the scale 
of the reaction, since mechanical losses in manipu- 
lations are significant. The choice of olefin, 
however, does not seem to alter the per cent con- 
version. The one pot reaction involving Tc03 
Cl(phen) generated in situ has a comparable pro- 
ductivity based on pertechnetate, since the starting 
material is generally isolated in yields of less than 
80%. 

The different chelating aromatic diamine ligands 
1 , 1 0-phenanthroline, 2,2’-bipyridine, 5-nitro- 1, lo- 
phenanthroline, and2,3,7,8-tetramethyl-l,lO-phen- 
anthroline were studied in order to investigate the 
possibility of manipulating the reaction with subtle 
inductive changes in the trioxotechnetium 
complexes. The inductive effect of these ligands on 
the reduction potential of metals is well known 
because the tris-chelate complexes of iron are com- 
monly used as redox indicators. No qualitative 
differences in the reactivity of TcO,Cl(AA) as a 
function of AA were noted. The nitro- 
phenanthroline ligand, however, does induce 
changes in the spectral and solubility properties of 
the complexes. The complex Tc03Cl(5-NOz-phen) is 
produced in nearly quantitative yields due to its 
extreme insolubility in the reaction mixture. This 
trioxotechnetium starting material is olive-green, 
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Table 1. Isolated yields of diolates from Tc mediated 
oxidation of olefins 

quite unlike all of the others which are pale yellow. 
Furthermore, when this species is reacted with 
alkenes, the resulting technetium(V) diolate com- 
plexes are red-brown rather than the usual bright 
yellow-green. 

Olefin Yield (%) Scale (mmol) 

BuO 

O'BU 

0 

0 
I 

\ 

II 

72 0.212 

70 0.217 

61 0.169 

41 0.090 

42 0.027 
74 0.140 

30 0.039 

49 0.068 

39 0.079 

77 0.127 

76 0.095 

Although perrhenyl chloride has been shown to 
oxidize olefins with the major product being the 
corresponding chlorohydrin,g no significant con- 
version was detected from the reaction of chlo- 
rotrioxo( l,lO-phenanthroline)rhenium(VII) with 
olefins, even after prolonged refluxing. Conversely, 
the Rev diolate complex ReOCl(eg)(phen) is con- 
verted to ReO$l(phen) on heating in mcuo, 
whereas the technetium(V) diolates have no such 
reactivity. 

The oxidative cleavage reaction of the osmate 
(VI) esters of diols has long been assumed to 
regenerate 0~0, as the catalytically active species. lo 
However, recent evidence suggests that an osmi- 
um(VII1) oxyhalide complex may also be involved 
in some cases. Myers et al. ” noted that the rate 
of O2 oxidized, Cu cocatalysed, OS catalysed, diol 
formation depends directly on the halide : OS ratio 
up to values of 5 : 1. The absence of 0~0, in the 
distillates of these reactions gives further evidence 
for halide coordination since the oxyhalides are 
expected to be significantly less volatile. The tech- 
netium system validates this hypothesis being the 
first example of an isolated oxyhalide with which 
cis-dihydroxylation of olefins has been dem- 
onstrated. 

The mechanism generally proposed9 for the 
metal mediated vicinal dihydroxylation reactions 
involves a concerted [3 +2] cycloaddition [eq. 
(211. Arguing that transition metals are more elec- 
tropositive than oxygen ; Sharpless et al. suggest” 
that alkenes, being weak nucleophiles, might be 
bonded to the metal atom in the first step of these 
reactions [eq. (3)]. The fact that 0~0~ preferentially 
reacts with more nucleophilic alkenes further sup- 
ports this hypothesis. The direct attack at the metal, 
however, seems unlikely for the trioxotechnetium 
complexes, which arecoordinatively saturated octa- 
hedral complexes. 

O‘\ I3 
// 

LM Cl 
\ 

0 ( / 
- 4lM 

\ T 
R 

(2) 

R -R 
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N 

0 

Scheme 1. Potential paths for [3 + 23 addition. 

Scheme 1 shows the three possible paths through 
which an alkene can approach two of the 0x0 
ligands in the cycloaddition reaction. Note that the 
two 0x0 ligands cis to the coordinated chloride in 
the TcO&l(AA) starting material are equivalent by 
virtue of a mirror plane passing through the lruns 
0x0 and the chloride, and bisecting the bidentate 
aromatic amine. In the case of a symmetric alkene 
(e.g. ethylene), paths (a) and (b) are degenerate, 
each yielding one of the enantiomers of the asym- 
metric centre at the technetium atom. Path (c) 
would yield a complex with mutually tram 0x0 and 
chloride ligands. Since all of the spectral evidence 
suggests that only cis complexes are formed, path 
(c) must therefore not contribute appreciably to the 
formation of products. 

When substituted alkenes are used, the possibility 
of geometric isomers arises. Proton NMR spec- 
troscopy therefore becomes extremely useful in ana- 
lysing the technetium(V) diolate complexes. 
Although oxotechnetium(V) complexes are effec- 
tively closed-shell and diamagnetic, ’ ’ appreciable 
position dependent variations in chemical shifts can 
be induced14 by the ring currents associated with 
the multiple bonding to the 0x0 ligand. Circulation 
of electrons about the aromatic amine ligands pre- 
sumably adds to this local magnetic field 
anisotropy. All of the spectra indicate that the sub- 

stituents on the ethanediolate backbone are dia- 
stereotopic with the distinctive splitting patterns 
being well separated due to the combined ring cur- 
rents. Furthermore, since the protons a to the nitro- 
gen donors of the aromatic amine ligands are most 
shifted, often to > 10 ppm, and are therefore far 
removed from the other signals, the number of these 
resonances is indicative of the number of isomers 
in solution. 

The analysis is straightforward for a 1,2-di- 
substituted alkene, e.g. trans-4-octene. The proton 
NMR spectrum of DL-TcOCl(OCHPrCHPr0) 
(phen) (Fig. 1) clearly shows two resonances for 
one of the a protons on the phenanthroline ligand 
at 10.4 and 10.2 ppm with relative intensities of 
N 2 : 1 indicating a non-statistical mixture of the 
two isomers. There is also a 2: 1 ratio of intensi- 
ties of the resonances for the methine protons of 
the octanediolate backbone. The major isomer 
has resonances at 5.8 and 4.2 ppm and the minor 
isomer has resonances at 5.0 and 4.7 ppm. Since 
the largest shifts from the average value for the 
methine protons occur in the major isomer, it might 
be deduced that the alkyl groups are preferentially 
going to the lesser shifting region of space which 
is presumably also a less sterically crowded area. 
The two possible isomers are shown in Scheme 2. 

The NMR spectra indicate that the oxidation 
reaction is completely stereospecific since cis and 
truns alkenes give totally different products. In 
order to determine the stereochemistry of addition, 
the octanediolate derivatives were hydrolysed by 
treating them with concentrated aqueous HCI yield- 
ing free dials and TcOCl,(phen). Gas chro- 
matographic retention times were compared to 
those of authentic samples of meso- and DL-4,5- 
octanediol which were prepared by osmium tet- 
roxide oxidation of cis- and trans-Coctene, respec- 
tively. The reaction of TcO,Cl(phen) with c&C 
octene gives only the meso diol whereas a similar 
reaction with trams-4-octene gives 80% of the DL 
and 20% of the meso isomers. Some racemization 
may have occurred during the latter hydrolysis reac- 
tion. 

The technetium centred oxidation of olefins and 
the rhenium centred reduction of diols are con- 
ceptually the forward and reverse reactions of the 
equilibrium shown below in eq. (4). 

(4) 
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Fig. 1. Proton NMR spectrum of TcOCl(DL-4,5_octanediolate)(phen). 

The direction of the reaction is governed pri- 
marily by the oxidation/reduction potentials of the 
central metals in their + 5 and + 7 oxidation states. 
These results are therefore consistent with the usual 

Scheme 2. The origin of two isomers from the oxidation 
of trans-4-octene. 

periodic trends for second and third row transition 
metals having similar environments in which the 
third row elements are more easily oxidized and the 
second row elements are more easily reduced. 

Although the stoichiometric oxidation of alkenes 
with technetium is not likely to be commercially 
feasible due to the radioactivity of this element, 
this reaction provides the basis for investigating 
catalytic oxidation of alkenes to diols using the 
group 7 metals. Furthermore, the reactions dis- 
cussed here give significant new insights into the 
already well utilized reactions of osmium tetroxide 
and permanganate. 
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