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Thermolysis of Adenosylcobalamin: A Product, Kinetic, 
and Co-CS' Bond Dissociation Energy Study 

Sir: 
Facile cobalt-xrbon bond homolysis in vivo is the essential, 

biochemically unique, first step in the adenosylcobalamin 
(AdeB12)-dependent rearrangement reactions.' In fact, recent 
evidence points to this homolysis as the key but only role played 
by the Ado-Blz cofactor.2 However, in vitro and in the ab- 
sence of light,3 Ado-B12 (1) was previously reported to be stable 
(55% decomposition) for 5 h at 94 "C in water under argon.4 

Herein we report the first product, kinetic, AH', AS', and 
Cc-C5' bond dissociation energy (BDE) data for the thermal 
homolysis of Ado-B,,. Our data also yield the insight that the 
Ado-B12-dependent enzyme diol dehydratase must be providing 
at least a 14.7 kcal/mol lowering of the barrier for Co-C bond 
homolysis for a rate acceleration of at least 1OIo and yield 
additional insights on other effects due to the enzyme. 

Thermolysis of Ado-B12 was achieved by employing the 
Re -selective nitroxide trapping technique we recently developed 
for the determination of Co-C BDE's' and simply by using 
higher temperatures (90-120 "C) and longer times (tl/2 = 15.8 
h, 90 "C) than those previously employed. Ethylene glycol 
proved to be the solvent system of choice following control 
experiments demonstrating that although Biz(,) (Co(I1)) reacts 
with the nitroxide 2,2,6,6-tetramethylpiperidinyl-l-oxy (Tem- 
po) in HzO, in ethylene glycol 2.0 X 10-4 M B12(,) (3) plus 1.0 
X M Tempo (2) are stable (<1% reaction over 4 h at 110 
"C). 

Unexpectedly, even in the absence of Tempo (2) the 
anaerobic thermolysis of Ado-BIz (1) in ethylene glycol with 
the exclusion of light proceeded at convenient rates at tem- 
peratures of 90-120 "C with isosbestic points at 391,485, and 
583 nm (Figure A, supplementary material). The observed 
products (eq 1) were 100 f 2% B12(,) (3) (by comparison to 

(1) Recent reviews include: (a) Dolphin, D., Ed. "B12"; Wiley-Interscience: 
New York, 1982. (b) Zagalak, B., Friedrich, W., Eds. "Vitamin BI2, 
Proceedings of the 3rd European Symposium on Vitamin B,, and In- 
trinsic Factor"; Walter de Gruyter: New York, 1979. (c) Babior, B. 
M.; Krouwer, J. S. CRC Crit. Rev. Biochem. 1979,6, 35. (d) Abeles, 
R. H.; Dolphin, D. Acc. Chem. Res. 1976, 9, 114. (e) Golding, B. T. 
In ref la, Chapter 15, p 543. 

(2) (a) Finke, R. G.; Schiraldi, D. A.; Mayer, B. J. Coord. Chem. Rev. 
1984,54, 1. (b) Finke, R. G.; McKenna, W. P.; Schiraldi, D. A.; Smith, 
B. L.; Pierpont, C. J .  Am. Chem. SOC. 1983,105,7592. (c) Finke, R. 
G.; Schiraldi, D. A. J. Am. Chem. SOC. 1983, 105, 7605. 

(3) Photohomolysis of the Co-C bond of Ado-B12 is well-known: (a) 
Johnson, A. W.; Shaw, N.; Wagner, F. Biochim. Biophys. Acta 1963, 
72, 107. (b) Rudakova, I. P.; Ershova, T. E.; Belokova, A. B.; Yurke- 
vich, A. M. J .  Chem. Soc., Chem. Commun. 1978,592. (c) Rudakova, 
I. P.; Chauser, E. G.; Yurkevich, A. M. Biwrg. Khim. 1975,1,616. (d) 
Joblin, K. N.; Johnson, A. W.; Lappert, M. F.; Nicholson, B. K. J .  
Chem. Soc., Chem. Commun. 1975, 441. 

(4) Hogenkamp, H. P. C.; Vergamini, P. J.; Matwiyoff, N.  A. J .  Chem. 
SOC., Dalton Trans. 1975, 2628. 

(5) (a) Finke, R. G.; Smith, B. L.; Mayer, B. J.; Molinero, A. A. fnorg. 
Chem. 1983,22, 3677. (b) For other work in the area of Co-C BDE's 
see: Halpern, J. Pure Appl. Chem. 1983, 55, 1059 and references 
therein. 
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authentic material6), 52 f 8% of isolated 8,5'-anhydro-5'- 
deoxyadenosine (4),' and 29 f 8% of isolated 5'-deoxy- 
adenosine (5).8 The last two products were identified by TLC, 
IR, and 360-MHz 'H NMR in comparison to authentic ma- 
terials (details are available as supplementary material). 
Product studies in H 2 0  and Me2S0 show that the cyclization 
product 4 is the predominant product, although detectable 
amounts of 5 are present. These product studies rule out 
disproportionation between the 5'-deoxyadenosyl radical and 
its cyclized form as the major pathway to 4 and 5. Consistent 
with this conclusion, product studies in HOCD2CD20H 
yielded more 4, but less 5, demonstrating that D. (H.) ab- 
straction from HOCD2CDzOH (HOCH2CH20H) is occur- 
ring. With 1 equiv of Tempo (2) a new nucleoside product, 
5'-deoxy-5'- [ (2,2,6,6-tetramethyl- 1 -piperidinyl)oxy]adenosine 
(a) ,  a~pea red .~  Increasing the amount of Tempo (2) relative 
to 1.0 X M Ado-BIZ caused a decrease in the yield of 4 
and 5 until only 4 and 6 were observed at 0.01 3 M (1 3 equiv) 
Tempo (2) and only 6 was observed at 0.13 M (130 equiv) 
Tempo (2) (eq 1). 

Kinetic studies were carried out spectrophotometricallylO 
by following the disappearance of (5-20) X lo-' M Ado-BII 
(1) at 520 nm. Precise (f3%) data and over 50 runs were 
required to detect, quantify, and reproduce with confidence 
the unusually small' dependence upon added Tempo and B12(,) 
(CO(I1)). 

M (150 equiv Tempo (2), 
the rate was zero order in Tempo (2) (Figure B, supplementary 
material) and first-order plots exhibiting excellent linearity 
over 3 half-lives were observed with kobsd,TEMPO( 110.0 "C) = 
(1.21 f 0.01) X lo4 s-' (20 runs). In the absence of Tempo 
(2) the rate decreased by only 7.4%," kappa,,,,(llO.O "C) = 
(1.12 f 0.03) X lo-" (20 runs), and a slight curvature in 
the first-order plots over 3 half-lives (Figure C, supplementary 
material) was observed due to the buildup of Biz(,) (Co(I1)) 
and its slight inhibition via the RCH2-Co RCH2. + Co(I1). 
equilibrium. A curve-fitting analysis of these datalza yielded 

In kinetic studies with 1 5  X 

(6) Blaser, H. U.; Halpern, J. J .  Am. Chem. SOC. 1980, 102, 1684. 
(7) (a) Hogenkamp, H. P. C. J. Biol. Chem. 1963, 238,477. (b) Duong, 

K. N. V.; Gaudemer, A.; Johnson, M. D.; Quillivic, R.; Zylber, J. 
Tetrahedron Lett .  1975, 34, 2997. (c) Matsuda, A.; Muneyama, K.; 
Nishida, T.; Sato, T.; Ueda, T. Nucleic Acids Res. 1916, 3, 3349. 

(8) Shaw, S. J; Desiderio, D. M.; Tsuboyama, K.; McCloskey, J. A. J.  Am. 
Chem. SOC. 1970, 92, 2510. 

(9) Isolated as a white solid. 'H NMR (360 MHz, (CD3),SO): 6 8.29 (s, 

5.61 (d, 1 H, OH-29, 5.26 (d, 1 H, OH-3'), 4.47 (m, 1 H, H-29, 4.28 
(m, 1 H, H-3'), 4.01 (m, 1 H, H-5'), 3.98 (m, 1 H, H-4'), 3.91 (m, 1 
H, H-59, 1.38 (m, 6 H, Tempo CH,'s), 1.08 (s, 6 H, Tempo CH,'s), 
1.03 (s, 6 H, Tempo CH,'s). 

(10) In order to avoid complications due to the effects of the temperature 
dependence of the axial base equilibrium upon the visible spectrum, 
thermolyses were carried out in an oil bath, but spectra were recorded 
following rapid cooling to 25.0 OC to quench the thermolysis reaction. 

(1 1) This small decrease in rate is consistent with a report that the photo- 
homolysis of Ado-B12 goes at the same rate with or without oxygen 
present: Brady, R. 0.; Barker, H. A. Biochem. Biophys. Res. Commun. 
1961, 4, 373. 

1 H, H-8), 8.13 (s, 1 H, H-2), 7.28 (s, 2 H, NH,), 5.89 (d, 1 H, H-l'), 
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the ratio m = k-,/[(K,k2/(l + K , ) )  + k3[HOCH2CH20H] 
+ k4] = (7 f 3) X lo6 M-' in terms of the constants used in 
Scheme I. Separate experiments confirmed a small, 14% 
maximum, rate decrease, kobsd,B12(r)( 1 10.0 "C) = (1.04 f 0.03) 
X lo4 s-l (15 runs), in the presence of 2.7 X lo-" M (4 equiv) 
B12(r), the maximum [ B,?,,)] experimentally accessible for 
reasonably precise kinetics due to overlapping B12(,) and 
Ado-BIZ absorbances. However, within this 14% range an 
inverse, linear dependence upon [B12(r)] (0-2.7 X lo4 M) was 
observed, unambiguously demonstrating for the first time in 
vitro the presence of the biochemically significant RCH2-Co 
+ RCH,. + Co(I1). equilibrium. At 110.0 "C the appro- 
priate12b l / k M  vs. [Biz(,,] plot (Figure D, supplementary 
material) yielded, in terms of the constants in Scheme I, the 
slope m = k2/[(K1k2/(l + K , ) )  + k3[HOCH2CH20H] + k4] 
= (4.6 f 0.3) X lo6 M-' and the intercept 1/(Klk2/(1 + K , ) )  
= l/kobsd,Tempo = 8310 f 60 s, where l/intercept = kobsd,Tempo 
= (1.20 f 0.01) X s-l. These values are in good agree- 
ment with the independently determined m = (7 f 3) X lo6 
M-' and ko~Tmp(llO.O "C) = (1.21 f 0.01) X lo4 s-l values 
(vide supra) for these constants. Combining the slope with 
literature estimates for the He abstraction, k3,13a and cycli- 
zation, k4,13b rate constants yields13c the estimate that k-2 N 

(4 f 3) X lo8 M-l s-l , a value that is close to the diffusion 
limit and is in the known (0.05-2.0) X lo9 M-' s-' r ange of 
R. + Co(I1). recombination rate constants.14 

The results clarify the observed insensitivity of the rate to 
added Tempo and B12(r) by demonstrating that H. abstraction 
and cyclization compete effectively with RCHz. + B12(,) re- 
combination even in the absence of Tempo, i.e. (k, X 
[HOCHzCH20H] + k4)/k-,[Co"] = 180-18 for the range 
of [Co"] = 10-5-104 M, respectively. In the presence of excess 
Tempo, RCH2- + Co(I1) recombination is noncompetitive and 
Co-C bond homolysis becomes rate determining. All of our 

Communications 

(a) Assuming a rapidly established base-on/base-off equilibrium and 
a steady-state concentration for the S'-deoxyadenosyl radical, the rate 
law for Scheme I (in the absence of Tempo) is given by -d[Ado-B,d/dr 

k4 + k-2[B12(r)]). Rearrangement of the integrated rate law yields r = 

+ m([Ado-B,,] - [Ado-B,,],), where m = k-2/((Klk2/(l. + K,)) X 
(k3[HOCH2CH20H] + k4)). This expression was fit to (time, absor- 
bance) data via nonlinear regression by variation of the only unknown 
parameter, m ( [ K I  + 1]/(Kl/k2) = l/k,wTcmpo is a known quantity). 
(bl Under conditions of constant IB,,,.,l.'the rate law bccomes 4- 

((k,[HOCH,CH2OH] + k4)Klk2/(KI + l)J/(k3[HOCH2CH20H] + 
MI + 1)/Klk2 + m([Ado-B,,Io + [Bi2(r)IOl In ([Ado-B12lo/[Ado-B,21) 

[Ado-BI2]/dr = koM[Ado-B12] and'l]z& = (K, + 1)/K1k2 + ((K, + 
1 )~-~[BI~~~)II/I~I~~(~~[HOCHFH~OHI + k&I. 
(a) Thomas, J. K. J.  Phys. Chem. 1967, 71, 1919. (b) The fact that 
the cyclic nucleoside product (4) is still detectable at 0.013 M Tempo 
coupled with the fact that the rates of trappin of alkyl radicals by 
nitroxides are known to be diffusion ~ontrol lede~~1 indicate that this 
cyclization is rapid. This observation is consistent with product studies 
of the aerobic photolysis of Ado-BI2l3J1 where cyclization competes 
successfully with trapping by 02, another diffusion-controlled pro- 

(c) Taking k-2 / {K lk2 / (K1  + l)(k3[HOCH2CH2OHl + k4)) 
= 4.6 X lo6 M-I (from the 1/kow vs [B ,)I plot), estimating k3 = 
103-104 M-' s-I 13s and k4 = 105-106 s11,136 And taking Klk2/(KI + 1) 
= kob.d,fcmr = 1.21 X lo4 s-l yield k-, = (4 i 3) X lo* M-I s-l . ( 4  
Brownlie, T.; Ingold, K. U. Can. J .  Chem. 1967, 45, 2427. (e) Hill, 
C. L.; Whitesides, G. M.; J. Am. Chem. Soc. 1974,96,870. (f) Nigam, 
S.; Asmus, K. D.; Willson, R. L. J. Chem. Soc., Fsraday Trans. I 1976, 
2324. (g) Schmid, P.; Ingold, K. U. J.  Am. Chem. Soc. 1978,100,2493. 
(h) Kinney, R. J.; Jones, W. D.; Bergman, R. G. J.  Am. Chem. SQC. 
1978,100,7902. (i) Espenson, J. H.; McDowell, M. S .  Organomerallics 
1982,1,1514. (j) Johnson, A. W.; Shaw, N. J.  Chem. Soc. 1962,4608. 
(k) Hogenkamp, H. P. C.; Ladd, J. N.; Barker, H. A. J. Biol. Chem. 
1%2,237, 1950. (1) See ref 7a. (m) Miller, A. A.; Mayo, F. R. J. Am. 
Chem. SOC. 1956,78, 1017. (n) Gordon, S.; Hart, E. J.; Matheson, M. 
S.; Rabani, J.; Thomas, J. K. Discuss. Faraday SOC. 1963, 36, 193. 
(a) Roche, T. S.; Endicott, J .  F. Inorg. Chem. 1974, 13, 1575. (b) 
Endicott, J. F.; Ferraudi, G. J .  J. Am. Chem. SOC. 1977, 99, 243. (c) 
Mok, C. Y.; Endicott, J. F. J. Am. Chem. Soc. 1977, 99, 1276. (d) 
Mok, C. Y.; Endicott, J. F. J. Am. Chem. Soc. 1978,100, 123. (e) Tait, 
A. M.; Hoffman, M. 2.; Hayon, E. Inr. J. Radiar. Phys. Chem. 1976, 
8,691. (f) Mulac, W. A.; Meyentein, D. J.  Am. Chem. Soc. 1982,104, 
4124. (g) Elroi, H.; Meyentein, D. J. Am. Chem. Soc. 1978,100,5540. 
(h) Endicott, J. F.; Netzel, T. L. J. Am. Chem. SOC. 1979,101, 4000. 

results are consistent with and supportive of the mechanism 
shown in Scheme I. This scheme also incorporates Schrauzer 
and Grate's observation that homolysis from an alkylcobin- 
amide (lacking the axial base) is negligible relative to that of 
the corresponding base-on alkylcobalamin ( kbase-off N 

Having rigorously established conditions where Co-C bond 
homolysis is rate limiting, we measured the temperature de- 
pendence of kobsd,Tcmpo (15.0 X lo-, M Tempo) at 5 "C in- 
tervals over a 30 "C rangeI6 to obtain AHtobsd = 30.6 f 0.3 
kcal/mol and AS*& = 2.9 f 0.7 eu (Figure E, supplementary 
material). In order to obtain the desired activation parameters 
for the base-on homolysis step (k2 (Scheme I)), it is necessary 
to correct the observed activation parameters for the tem- 
perature dependence of the axial base equilibrium, requiring 
that AH and AS for this equilibrium ( K ,  (Scheme I)) be 
measured. This was accomplished by monitoring the absor- 
bance of solutions of Ado-BIZ ((0.65-2.75) X lo4 M in 
ethylene glycol) as a function of temperature from 10 to 80 
"C. Curve fitting of the appropriate eq~at ion"~ to these data 
yielded AH = -7.6 f 0.2 kcal/mol and AS = -20.2 f 0.7 eu 
for the base-off to base-on equilibrium, in excellent agreement 
with the most recently obtained values for other alkylcobal- 
amines.Im Following the correction of the observed activation 
parameters for the axial base temperature dependence,'* the 
activation parameters for the base-on homolysis were deter- 
mined, AH2* = 34.5 f 0.8 kcal/mol and AS2* = 23.1 f 1.0 
eu. Since the Co-C BDE is equal to AHz* - AH-2*, a value 
for AH-2* is also required. Our estimate of k-2(l10 "C,- 
HOCH2CH20H) N (4 f 3) X lo8 M-' s-l, the (0.05-2.0) 
X lo9 M-' s-' range of all known R- + Co(I1)- rate constants,14 
Endicott's flash photolysis measurement of in cage 5'-deoxy- 
adenosyl RCHz- + B12(,) rec~mbinat ion, '~~ kramb( -25 "C, 
H,O) = (1.3 f 1.1) X lo9 s-l, and the only available mea- 
surement of a R. + Co(I1). recombination, AZP N 2 kcal/mol 
(a diffusional barrier),19 all indicate that the enthalpic barrier 
to RCH2- + Blt(r) recombination is AH-2* 5 3 f 1 kcal/mol. 
These observations provide the first estimate of the base-on, 

kcal / mol. 
The results herein, AG*a(37 "C) = 29.7 kcal/mol, the fact 

that B12-dependent enzymes such as diol dehydratase exhibit 
rates of 1100 turnovers/(site S ) , ~ O  AGcat* N 15 kcal/mol,20 
and the fact that Co-C bond homolysis is not rate limiting 
in the enzymez1 suggest that the enzymes provide at least a 
2 14.7 kcal/mol lowering of the barrier for Co-C5' homolysis 
for a rate enhancement of at least 210'O. It remains to be 
explained, however, exactly how this is a c c ~ m p l i s h e d . ~ ~ ~ ~ ~  

10-3k~~.,,~).15 

Ado-Blz, Co-C5' BDE = M 2 *  - AH-2* 31.5 f 1.3 

(15) Schrauzer, G. N.; Grate, J. H. J. Am. Chem. Soc. 1981, 103, 541. 
(16) The kow,Tcmpvalues (s-', k3%) and temperatures ("C, k0.2 " C )  are 

respectively as follows: 1.22 X 95.0; 4.1 1 X lo", 
100.0; 7.13 X IO+, 105.0; 1.21 X lo4, 110.0; 2.08 X lo4, 115.0; 3.34 

(17) (a) The following equation describes the absorbance of a solution of 
Ado-B,, as a function of temperature: Abs = [Ado-B12],o,nl[ebaac.ofi + 

exp(AS/R - AH/RT)]/[l + exp(AS/R - AH/RT)]. This 
equation was fit to the (absorbance, temperature) data by variation of 
the parameters AH, AS, and ebupm with use of nonlinear regression. (b) 
Brown, K. L.; Hakimi, J. M.; N w ,  D. M.; Montejano, Y. D.; Jacobsen, 
D. W. Inorg. Chem. 1984, 23, 1463. 

(18) Under conditions where the rate is zero order in [Tempo], the tem- 
perature dependence of kobd is given by d(ln koM/T))/d(l/T) = d(ln 
(k2/T))/d(l/T) + d[ln ( K I / ( ~  + Ki)T)I/d(l/T). 

(19) Ng, F. T. T.; Rempel, G. L.; Halpern, J. J. Am. Chem. Soc. 1982, 104, 
621. 

(20) Eagar, R. G., Jr.; Bachovchin, W. W.; Richards, J. H. Biochemistry 
1975, 14, 5523. 

(21) Moore, K. W.; Bachovchin, W. W.; Gunter, J. B.; Richards, J .  H. 
Biochemistry 1979, 18, 2776. 

90.0; 2.23 X 

x 10-4, 120.0. 
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Finally, the resistance of the Co corrin to R. attack as 
previously noted,24 the fact that enzyme-free Ado-B12 is re- 
sistant to the undesirable but established type of side reac- 
tion’ 5~19925 of Co( 11) + CH2CHOCH( Ad)CH( OH)CH( OH) - Co-H + CH,=COCH(Ad)CH(OH)CH(OH), and the 
fact that the enzyme must prevent cyclization of the 5’- 
deoxyadenosyl radical26 are additional points worth noting. 
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Supplemeatary Material AvsilnMe: Figures A-E of spectral changes 
during homolysis, kobdTcmpo vs. [Tempo], the slightly curved first-order 
plots in the absence of Tempo, the Ilkow vs. [B12(r)] plot, and the 
In (kobd/T‘) vs. 1/T plot, respectively, and details on the character- 
ization of the nucleoside products (6 pages). Ordering information 
is given on any current masthead page. 
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(22) (a) Jencks, W. P. In ‘Chemical Recognition in Biology”; Chapeville, 
F., Haenni, A.-L., Eds.; Springer-Verlag: New York, 1980; p 3. (b) 
Walsh, C. ‘Enzymatic Reaction Mechanisms”; W. H. Freeman: San 
Francisco, 1979; Chapter 2. (c) Fersht, A. ‘Enzyme Structure and 
Mechanism”; W. H. Freeman: San Francisco, 1977; pp 253-273. 

(23) For su estions based on enzymatic studies,23g4 crystallographic studies 
of BIZ$ and model studiesz3” see: (a) Babior, B. M. ‘B,z”; Dolphin, 
D., Ed.; Wiley-Interscience: New York, 1982; Vol. 2, p 263. Krouwer, 
J. S.; Holmquist, B.; Kipnes, R. S.; Babior, B. M. Biochim. Biophys. 
Acra 1980, 612, 153. (b) Hollaway, M. R.; White, H. A.; Joblin, K. 
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1978.82, 143. (c) Toraya, T.; Krodel, E.; Mildvan, A. S.; Abeles, R. 
H. Biochemistry 1979, 18,417. (d) Toraya, T.; Ushio, K.; Fukui, S.; 
Hogenkamp, H. P. C. J .  B i d .  Chem. 1977,252,963. Sando, G. N.; 
Grant, M. E.; Hogenkamp, H. P. C. Biochim. Biophys. Acra 1976,428, 
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1980, 255, 4507. (e) Glusker, J. P. In ref la, Chapter 3, p 23. (0 
Summers, M. F.; Toscano, P. J.; Bresciani-Pahor. N.; Nardon, G.; 
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references therein. (9) Pratt, J. M. J .  Mol. Catal. 1984, 23, 187. 
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77, L165 and references therein. (i) See ref 15. 

(24) Schrauzer, G. N.; Sibert, J. W.; Windgassen, R. J. J .  Am. Chem. Sac. 
1968, 90,6681. 
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(26) The 8,S-anhydro-5’-deoxyadenosine product can be isolated from 
deactivated enzyme following reaction with the relatively poor substrate 
ethylene glycol. Abeles, R. H. Proc. Robert A. Welch Found. ConJ 
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The Most Simple Type of a Manganese Dihalide 
Phosphine Adduct: Mn12(PEtJ2 
S i r :  

The chemistry of transition-metal phosphine and arsine 
complexes is well-known and documented’ with the exception 
of manganese(I1). This must be ascribed to preparative dif- 
ficulties, which have endured for quite some time. An early 
report by Naldini, on MnX2(PPh3)2 has been questioned by 

(1) McAuliffe, C. A.; Levason, W. ‘Phosphine, Arsine and Stibine Com- 
plexes of the Transition Metals”; Elsevier: Amsterdam, 1979. 

Figure 1. 

McAuliffe et al.,3 who obtained MnX2(0PPh3)2 instead. 
Bennett et a1.4 fully characterized the first manganese dihalide 
phosphine adduct MnC12(diphos)2. Similar compounds, 
Mr~X~(dmpe)~  (X = Br, I), have subsequently been made by 
Wilkinson et al.’ Chelating phosphines seemed to be necessary 
to obtain stable adducts because, until very recently, com- 
pounds of composition MnX2(PR3) have been mentioned but 
not well characterized.6 Green et al.’ even stated that they 
were unable to isolate such compounds. It was highly desirable 
to know more about this chemistry since some controversy 
arose about their uptake of dioxygen (and other small mole- 
cules) .6-* 

During our studies on manganocenes and their reaction 
products such as halides and donor molecule adducts9 we 
prepared Mn12(PEt3)2, which is expected to simplify the 
complex situation and which we describe here. When this work 
was completed, McAuliffe et al.1° could support their earlier 
results by a crystal structure of [Mn12(PPhMe2)],. 

The title compound is obtained by reaction of anhydrous 
manganese diiodide” in ether with a small excess of tri- 
ethylphosphme. Recrystallization from ether gives analytically 
pure12 pink needles in 47% yield. The X-ray analysis13 shows 
two molecuels, 1/2 (Figure l), which are crystallographically 
different but very similar with respect to their structural pa- 

(2) Naldini, L. Gazz. Chim. Iral. 1960, 90, 1337. 
(3) Casey, S.; Levason, W.; McAuliffe, C. A. J.  Chem. Soc., Dalron Tram. 

1974, 886. 
(4) Warren, L. F.; Bennett, M. A. Inorg. Chem. 1976, 15, 3126. 
( 5 )  Girolami, G. S.; Wilkinson, G.; Thornton-Pett, M.; Hursthouse, M. B. 

J .  Am. Chem. Sac. 1983,105,6752. 
(6)  (a) McAuliffe, C. A.; Al-Khateeb, H.; Jones, M. H.; Levason, W. 

Minten, K.; McCoullough, F. P. J.  Chem. Soc., Chem. Commun. 1979, 
736. (b) Hosseiny, A.; McAuliffe, C. A,; Minten, K.; Parrott, M. J.; 
Pritchard, R.; Thames, J. Inorg. Chim. Acra 1980, 39, 227. 

(7) Brown, R. M.; Bull, R. E.; Green, M. L. H.; Grebenik, P. D.; Martin- 
Polo, J. J.; Mingos, D. M. P. J.  Organomer. Chem. 1980, 201, 437. 

(8) (a) McAuliffe, C. A. J .  Orgammer. Chem. 1982, 228, 255. (b) 
McAuliffe, C. A.; Al-Khateeb, H.; Barratt, D. S.; Briggs, J. C.; Challita, 
A.; Hosseiny, A.; Little, M. G.; Mackie, A. G.; Minten, K. J.  Chem. 
Soc., Dalton Trans. 1983,2147. (c) Burkett, H. D.; Newberry, V. F.; 
Hill, W. E.; Worley, S. D. J .  Am. Chem. Sac. 1983, 105,4097. 

(9) (a) Kahler, F. H.; Hebendanz, N. Chem. Ber. 1983, 116, 1261. (b) 
Hebendanz, N. Dissertation, Technische Universitit Mitnchen, 1984. 

(10) Beagley, B.; Briggs, J. C.; Hosseiny, A.; Hill, W. E.; King, T. J.; 
McAuliffe, C. A.; Minten, K. J .  Chem. Sac., Chem. Commun. 1984, 
305. 

(11) Biltz, W.; Hitttig, G. F. Z. Anorg. Allg. Chem. 1920, 109, 89. 
(12) Anal. Calcd for Cl2H&MnPZ: C, 26.44; H, 5.55; I, 46.57; Mn, 10.07; 

P, 11.77. Found: C, 25.93; H, 5.47; I, 45.97; Mn, 10.25; P, 11.37. 
(13) Crystal data: orthorhombic, Pccn (No. 56). a = 1732.6 (3) pm, b = 

1730.2 (3) pm, c = 1470.2 (3) pm, V = 4407.28 X IO6 pm3, Dcrptl = 
1.643 g for Z = 8, ~ ( M o  Ka) = 34.80 cm-I, F(OO0) = 2104, T 
= 22 OC. Data collection, structure solution, and refinement: 2897 
unique reflections (A  = 71.069 pm, w scans, 1 5 r9 5 22S0, empirical 
absorption correction, Syntex PZI), heavy-atom methods, R = 0.050, 
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