
Notes 

charge-transfer interaction between the tribromide and di- 
sulfide moieties. 

The structure provides some insight into the arrangement 
of Br,- in (SNBr0,,Jx. One of the terminal Br’s would be 
expected to lie in the plane (102) of the (SN), chain so as to 
maximize the type of interaction described in this paper. The 
orientation of the Br,- ion as a whole could then be either 
parallel or perpendicular to the chain. In either case, a 
nonbonded pair of the first Br would be directed at  S. If the 
former (parallel) orientation were taken, this would allow both 
terminal Br atoms to interact with sulfur. Indeed, both 
electron diffraction2 and spectroscopic2’ data suggest that 
whatever Br3- is present in (SNBro,,), (the question i f  the 
quantities of the various Br-containing species has not yet been 
resolved) is aligned parallel to b. This scheme not only provides 
a reason for that but would also predict that the Br3- is in the 
plane of the (SN),, not between the planes as would be re- 
quired in a simpler intercalative model. In the absence of 
detailed knowledge of the M O  picture of (SN),, this is, of 
course, speculative. 
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spectroscopic, and theoretical A wide spectrum of 
methods has been utilized for their syntheses.*,2 

One of the most extensively studied transition-metal hy- 
drides has been HMn(CO)5. Its physical properties have been 
examined in detai1.3-6 A number of novel and important 
manganese complexes have been synthesized from H- 
Mn(C0)5,7-12 and HMn(CO)S can be used to reduce organic 
compounds such as olefins and alkyl halides.13 

In connection with several ongoing research projects, we 
required large amounts of anhydrous HMn(C0)5 in THF. A 
literature survey revealed that most researchers employ the 
method of King.I4 This procedure is operationally cumbersome 
and requires (a) the generation of Na[Mn(CO),] from 
Mn2(CO)lo and Na/Hg, (b) removal of mercury and solvent, 
(c) treatment of the Na[Mn(CO),] residue with aqueous 
H3P04, and (d) extensive vacuum line manipulations to 
separate H 2 0  and byproducts. A synthesis of HMn(CO)5 
from Mn2(CO)lo and H 2 / C 0  (250 atm) a t  200 OC has also 
been detailed.I5 

We report in this note the development of three rapid, 
convenient procedures for the in situ preparation of anhydrous 
HMII(CO)~ in THF. They are complementary in terms of 
advantages and have been extensively used in our research 
group. 
Results 

Procedure A: HMn(CO), from Mn2(CO)lo. We recently 
describedI6 a one-flask synthesis of Li[Mn(CO),] from 
Mn2(CO),o and Li(C2H5)3BH’7 in THF.  The formation of 
Li[Mn(CO)J was found to be complete within a few minutes 
a t  room temperature. The only byproducts produced are H2 
and (C2H5)3B, both of which are volatile. Consequently, it 
was of interest to determine if HMn(CO), could be formed 
by protonation of Li[Mn(CO),] in situ. For this purpose, an 
acid which was nonaqueous, nonoxidizing, and convenient to 
handle was sought. Trifluoromethanesulfonic acid ( CF3S- 
03H)18 was selected as meeting these criteria. Protonation 
of Li[Mn(C0)5] solutions, prepared as previously described,16 
with 1.1-1.2 equiv of CF3S03H afforded HMn(CO)5 in 
quantitative yield by IR (eq 1). 

Li(C,H,),BH + 1/2Mnz(CO),, +Li[Mn(CO),I t 1/2H2 + (C,H,),B 

HMn(CO), + Li’CF,SO; (1) 

The HMn(CO), solutions prepared according to eq 1 were 
chemically characterized by reactions with (C6HS)2PCH2- 
P(C6H5)*, Li(C2HJ3BH, and (CO)5Mn(COC6H5), as depicted 
in eq 2-4. Thus three types of characteristic HMn(CO), 

CF,SO,H 

co  
I .co 

\ - -  ~ I .  
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Hydride complexes of transition metals have played a critical 
role in the development of organometallic chemistry.’s2 They 
are key intermediates in numerous stoichiometric and catalytic 
reactions and have been the object of a variety of s t r ~ c t u r a l , ~  

0020-1669/79/1318-f 163$01.00/0 

I /P(C6H5)2 

CH2 

1 

HMn(CO), -t- Li(C2HJ3BH - 
L i [ M n ( C W  + ( C A ) $  + H2 (3) 

HMn(CO), + (CO)5MnC(=O)C6H5 - 
HC(=O)C6H, + Mn2(CO)lo (4) 

reactions (substitution, deprotonation. and substrate reduction) 
could be achieved in high yield in situ. 

The synthesis of H M ~ I ( C O ) ~  by procedure A yields 
(C2H5),B and Li+CF3S03- as byproducts. For most prepa- 
rative reactions utilizing HMn(CO),, these do not interfere. 
However, solvent and HMn(CO), concentration may in some 
cases play important roles. For instance, acetylene hy- 
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Figure 1. Apparatus for infrared monitoring of reactions. 

drometalations effected with neat HMn(CO)511 could not be 
repeated with HMn(CO), solutions prepared by this proce- 
dure. 

Procedure B: HMn(CO), from Isolated [hln(CO),]-. This 
procedure was developed to enable the in situ preparation of 
HMn(CO), free from (C2H5)3B. One approach is to remove 
the solvent after Li[Mn(CO),] formation as depicted in eq 1. 
The (C2HJ3B simultaneously volatilizes. The residue is then 
washed with a little hydrocarbon solvent and the Li[Mn(CO),] 
redissolved in THF.  Acidification with CF3S03H is then 
executed as in eq 1. 

An undoubtedly cleaner procedure, however, is to actually 
isolate [Mn(CO)J-  as its crystalline PPN' (fi-nitrido-bis- 
(triphenylphosphorus)) salt. We have recently published a 
preparation of P P N [ M ~ I ( C O ) , ] ' ~ ~  and report here that it can 
be smoothly acidified by CF3S0311 as depicted in eq 5. Only 
the ionic byproduct PPN+CF3S03- is formed. 
PPN[Mn(CO),] + CF3S03H - 

HMn(CO), + PPN+CF3S03- (5) 

We also reacted the HMn(CO), prepared according to eq 
5 with (C6H,)2PCH2P(C6Hj)2. Complete IR conversion to 
derivative 1 required 25 h, as opposed to the 5-min reaction 
observed previously (eq 2). Others have noted that H- 
Mn(CO), undergoes substitution a t  variable rates and have 
obtained evidence for the operation of free radical chain 
mechanisms.6 

Procedure C: HMn(CO), from (CH3)3Si[Mn(C0)5]. This 
procedure was developed to allow the in situ synthesis of 
HMn(CO),  free from ionic byproducts altogether. (C- 
H3)3Si[Mn(CO),] is a crystalline compound (mp 26.5 "C) 
which was first reported in 1969,19 a t  which time its ability 
to undergo solvolysis in methanol was noted. We have recently 
published our method for the preparation of (CH3I3- 
Si[Mn(CO),] 16b and report here that it reacts quantitatively 
( 'H N M R )  with 1 equiv of C H 3 0 H  (no solvent) over the 
course of 8 h at 35 "C. HMn(CO)5 and (CH3)3SiOCH3 are 
produced according to eq 6. Thus HMn(CO)5 may be 
(CH3)3Si[Mn(CO)5] + C H 3 0 H  - 

HMn(CO),+ (CHJ3SiOCH3 (6) 

prepared with only an etheral, solventlike byproduct ac- 
companying its formation. 

Since (CH3)3SiMn(CO)S reacts with most oxygen-con- 
taining solvents, T H F  (if desired) must be added after the 
methanolysis step. 

Apparatus. Although our procedures routinely afford high 
(>90%) yields of HMn(CO), in the absence of spectroscopic 
monitoring, the simple apparatus detailed in Figure 1 allows 
reactions to be titrated to 100% yields. The reaction is 
conducted in a Schlenk flask which is fitted with a septum and 
a Teflon needle. A standard 0.1-mm cavity NaCl IR cell is 
mated to the other end of the needle with a machined Teflon 
plug. To the other IR cell inlet is attached a (gas-tight) 
syringe. A slight positive nitrogen pressure is maintained via 
the side arm of the Schlenk flask. By pumping of the syringe, 
the reaction mixture can be spectroscopically sampled a t  any 
time. 

PPN+ = [(C,H5)3P]2N+ 

Thus by use of the apparatus depicted in Figure 1, the 
sequential addition of Li(C2HJ3BH and C F 3 S 0 3 H  to 
Mn2(CO)1, (eq 1) is readily monitored. Further reactions of 
HMn(CO), (e& eq 2-4) are also conveniently followed. For 
instance, Li(C2HJ3BH rapidly converts HMn(CO), back to 
Li[Mn(CO),] (eq 3). By reprotonation with CF3S03H,  we 
were able to cycle between Li[Mn(CB),] and H M n ( C 0 ) 5  
several times without appreciable loss of material. 

Comparison of Procedures. Only for procedure A is the 
organometallic starting material (Mn2(CO),,) commercially 
available. This method is the one of choice for preparative 
purposes. The synthesis of the starting material for procedure 
C ((CH3)3Si[Mn(CO)5]) is rendered difficult by its sensitivity 
toward most oxygen-containing solvents. However, procedure 
C certainly affords the most innocuous byproduct and is the 
method of choice when the highest purity I-IMn(CO), is 
sought. 

The vacuum line isolation of HMn(CO), described by 
KingI4 should work equally well for HMn(CO), prepared by 
procedures B and C. In our experience (C,H,),B volatilizes 
with THF,  and we have had no difficulty separating it from 
volatile organometallics such as [(C5H5)Fe(C0)2]CH3.16b 
Thus vacuum line purification of HMn(CO), prepared by 
procedure A might also be possible. The whole point of this 
paper, however, is to describe methodology which makes such 
involved manipulations unnecessary. 

Extensions. We have used a reaction sequence identical with 
that of procedure A to convert T H F  solutions of [(C,H,)- 
Mo(CQ),I2 to HMo(CO)~(C,H,) in quantitative spectroscopic 
yield. However, the literature preparation of HMo(C- 
0)3(C5H5)14a is not particularly cumbersome. Unfortunately, 
similar attempts to synthesize HFe(CO),(C5H5) were un- 
successful. We believe that CF3S03H may prove to be a 
versatile reagent for the generation of transition-metal hy- 
drides. To our knowledge, there is only one other report of 
its use to protonate a transition metal.20 

Experimental Section 
General Procedures. All experiments were carried out under an  

atmosphere of dry N2. Tetrahydrofuran was dried and deoxygenated 
by distillation from sodium benzophenone ketyl. Li(C2H,),BH was 
purchased from Aldrich as a 1.0 M T H F  solution and used without 
further standardization. PPN[Mn(CO),] and (CH3)3Si[Mn(CO)5] 
were prepared as previously described.'6b (C2H5)2PCHZP(C6H5)2 was 
purchased from PCR, Inc., and (C0)5Mn(COC6H5) was prepared 
by a modificationI6 of the published procedure.*' I R  spectra were 
obtained on a Perkin-Elmer Model 521 spectrometer. ' H  N M R  
spectra were taken on a Varian T-60 spectrometer. Melting points 
were obtained on a Ruchi Schmeltzpunkbestimmungsapparat and are 
uncorrected. 

HMn(CO)5 by Procedure A. In a typical reaction, Mn2(CO),o 
(0.217 g, 0.557 mmol) was dissolved in 20 mL of THF in a Schlenk 
flask and the apparatus in Figure 1 assembled. Li(C2H,),BH (1.3 
mL, 1.3 mmol) was then added and the mixture stirred for 0.5 h. 
Injection of CF3S03H (0.1 I mL, 1.2 mmol) followed. IR sampling 
of the reaction mixture indicated quantitative formation of HMn(C0)S 
(2008 s, cm-'). 

fuc-HMn(CO),[(C6P15)2PCPI,Po21.'2" H M ~ I ( C O ) ~  ( 1  . I  1 
mmol) was prepared by procedure A. (C6H5)2PCH2P(C6H5)2 (0.425 
g, 1.11 mmol) was dissolved in 10 mL of T H F  and added to the 
reaction mixture. After 5 min of stirring, the solvent was removed 
on a rotovap and the residue chromatographed on a silica gel column 
with 10% ethyl acetate in hexane (v/v). The product eluted rapidly 
(0.299 g, 0.646 mmol, 59% yield) and its IR spectrum (THF,  1995 
(s), 1908 (vs) cm-') matched that previously reported.'2a Ben- 
zene/hexane recrystallization afforded light yellow crystals; mp  

Deprotonation of MMn(CQ),. To 1 . 1 1  mmol of HMn(CO),,  
prepared by procedure A in the apparatus depicted in Figure 1, was 
added 1.2 mmol (1.2 mL) of Li(C2H5),BH. IR sampling of the 
reaction mixture indicated quantitative formation of Li [Mn(CO)J  
(1898 (m),  1858 (s) cm-I). 

145-!47 "C. 
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4334 ( 1  977). 
Reduction of (CO)5Mn(COC6H5). To 2 mmol of HMn(CO)5 

prepared by procedure A was added a solution of 2 mmol (0.600 g) 
of (CO),Mn(COC6H5) in 10 m L  of T H F .  After I O  min, the solvent 
was removed on a rotovap and the residue chromatographed on a silica 
gel column with 10% ethyl acetate in hexane (v/v). Mn2(CO)lo was 
obtained in 86% yield (0.671 g, 1.72 mmol). In  a similar run, the 
reaction residue was treated with 2,4-dinitrophenylhydrazine according 
to a standard procedure.23 Subsequently isolated was the 2,4-di- 
nitrophenylhydrazone of benzaldehyde (mp 238-239 O C ;  0.569 g, 99% 
yield). 

HMn(CO)5 by Procedure B. To 0.98 g (1.34 mmol) of PP- 
N [ M ~ I ( C O ) ~ ]  in 80 mL of T H F  was added 0.13 m L  (1.51 mmol) 
of C F 3 S 0 3 H .  By use of the Schlenk apparatus in Figure 1. a 
spectroscopic yield of 100% was determined. After the addition of 
0.512 g (1.34 mmol) of (C6H5)2PCH2P(C6H5)2 to the above reaction 
mixture and 24 h of stirring, a 54% yield of fac-HMn(CO),- 
[(C6H5)2PCH2(C6H5)2] was isolated by the procedure described 
previously. 

H,Mn(CO), by Procedure C. To a 5-mm N M R  tube containing 
(CH3)3Si[Mn(CO)5] (0.127 g, 0.473 mmol) and p-di-tert-butylbenzene 
(0.0045 g, 0.024 mmol) was added dry methanol (0.0155 g, 0.484 
mmol). The mixture was shaken until it was homogeneous and kept 
a t  35 OC for 8 h. HMn(CO)5 was formed in >97% yield by IH N M R .  
In normal preparative runs, the p-di-terr-butylbenzene standard was 
omitted. Solvents which have been added after the methanolysis is 
complete include T H F ,  benzene, and acetone. 

The sample of H M n ( C 0 ) 5  prepared above was cooled to -78 O C  
and allowed to warm to room temperature under vacuum. Benzene-d6 
(0.50 mL) was then added. The ‘H N M R  spectrum showed that 87% 
of the H M I I ( C O ) ~  and 24% of the (CH3),SiOCH3 remained. This 
experiment establishes that with proper vacuum line fractionation 
techniques, HMn(CO),  should be easily separable from (CH3),Si- 
OCH3.  
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It has been pointed out3 that metal carbonyls having force 
constants higher than 17.2 mdyn/A should react with amines 
to give carbamoyl derivatives. W e  have recently reported4 that 
cis-PtC12(CO)2 is characterized by two exceedingly high i+o’s 
(2168 and 2127  cm-’ in toluene, with force constants of 19.01 
and 18.3 mdyn/& respectively), thus making this compound 
a particularly appropriate candidate to further test this 
proposal. In addition, due to the limited number of known 
platinum(I1) carbonyl derivatives, no carbamoyl complexes 
of platinum have been reported which were obtained by the 
direct reaction of amines on an uncharged carbonyl compound 
of this metaL5 

We want now to report that cis-PtCl,(CO), reacts promptly 
with secondary amines in a ratio of 1:2 to give carbamoyl 
compounds. The molecular structure of the isopropyl de- 
rivative is presented in this paper. 
Experimental Section 

Infrared spectra were measured with a Perkin-Elmer Model 283 
instrument. Solvents were carefully dried by conventional methods 
and distilled prior to use. Diisopropylamine was distilled over sodium. 
Dichlorodicarbonylplatinum(I1) was prepared according to the 
previously described4 procedure. All operations were carried out under 
an atmosphere of prepurified nitrogen. 

Preparation of [NH2-i-Pr2]’[cis-PtCl2(CON-i-Pr2)CO]- (1) .  The 
dicarbonyl derivative (1.17 g,  3.63 mmol) dissolved in 150 m L  of 
toluene was treated with diisopropylamine (0.73 g,  7.21 mmol) 
dissolved in toluene (50 mL). After about 2 h, the resulting precipitate 
was filtered and dried in vacuo (1.04 g,  55% yield). Anal. Calcd 
for Ci4H30C12NZ02Pt: C, 32.07; H, 5.77; C1, 13.52. Found: C, 31.68; 
H, 6.09; C1, 12.88. The colorless compound is sensitive to moisture 
and darkens in air. I t  is soluble in dichloromethane, slightly soluble 
in toluene, and very slightly soluble in heptane. 

X-ray Analysis, Data Collection, and Refinement of Structure. The 
carbamoyl derivative (1) was recrystallized from a heptane-toluene 
mixture. Preliminary unit-cell dimensions and symmetry information 
were deduced from rotation and Weissenberg photographs. The 
crystals belong to the orthorhombic system, and their diffraction 
pattern exhibited the absences hOl, I = 2n + 1, hkO, h = 2n + 1 ,  Okl, 
k = 2n + 1, which are consistent with the Pbca space group. Accurate 
unit-cell parameters, with estimated standard deviations, were de- 
termined by a least-squares refinement of the 20 values for 15 re- 
flections measured on an “on-line” single-crystal automated Siemens 
diffractometer. Crystal data are  as  follows: a = 21.756 (9) A, b = 
14.707 (6) A, c = 12.708 (6) A, V =  4066.1 A3, Z = 8,DaId = 1.71 
g ~ m - ~ ;  Mo Kcu radiation, X 0.71069 A; ~(MoKcu) = 75.2 cm-’; F(OO0) 
= 2048. 

Three-dimensional intensity data were taken at  room temperature 
from a roughly prismatic crystal of approximate dimensions 0.15 X 
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