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it appears that all peptide bonds are routinely hydrolyzed. 
Amino acid analysis was performed with a Beckman amino acid 
analyzer which has an estimated accuracy of 5%. 
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Syntheses of N'-fluorodiimide N-oxides have been re- 
ported by reactions of tetrafluorohydrazineZ-s or di- 

0 
t 

t 

R-NO + HNFz ---f R-N=NF + H F  
0 

R-NO + .NF2 .--) R-N=NF + [ F - ]  

fluoramine3v7 with nitroso compounds. Pseudoni- 
troles gave a-nitro-N'-fluorodiimide N - o ~ i d e s , ~ , ~  but 
a,a-dinitro-N'-fluorodiimide N-oxides have not been 
prepared directly; a, a-dinitro nitroso compounds are 
unknown. 

In  the present work, 1,1-dinitrobutyl-N'-fluorodi- 
imide N-oxide was isolated from the reaction of the so- 
dium salt of 1,l-dinitrobutane with tetrafluorohydrazine 
in methanol. The product was identified by analysis, 
and ir and nmr spectra. Most significantly, the "F 
signal, - 125 ppm from trifluoroacetic acid, was in the 
region reported for other N'-fluorodiimide N-oxides. 
The mechanism for this reaction may involve 1,l-di- 
nitro-1-nitrosobutane as a transient intermediate. The 
nitrosating agent may be nitrous acid resulting from the 
Neff reaction of the starting material; 1,1-dinitrobutane 
was also formed. An acid source is the abstraction of 
hydrogen from the solvent to give difluoramine which is 
readily dehydrofluorinated. 

Preliminary work on this reaction was done with the 
salt of 1,1-dinitroethane, but the product was such a 
sensitive explosive that characterization could not be 
completed. The salt of nitroform did not react under 
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these conditions. Sodium 2-propanenitronate on the 
other hand yielded only the coupling product, 2,3- 
dimethyl-2,3-dinitrobutane, as reported by Freeman.6 

Experimental Section 

Caution. Explosion shielding and remote manipulation are 
required for the N2F4 reaction and for product isolation. 

1 , 1-Dinitrobutyl-N'-fluorodiimide N-Oxide .-A Fischer-Porter 
aerosol tube containing a solution of 14.8 g (0.10 mol) of 1,l- 
dinitrobutane and 0.10 mol of sodium methoxide in 45 ml of 
methanol was evacuated a t  liquid nitrogen temperature and filled 
with nitrogen several times. The tube was charged with 0.2 
mol of tetrafluorohydrazine and the mixture was stirred for 20 hr 
a t  ambient temperature. The excess tetrafluorohydrazine was 
removed and most of the solvent was removed under vacuum. 
Methylene chloride (50 ml) was added and the solution was 
filtered and distilled to give 6.5 g of liquid, bp 46" (0.35 mm), 
which contained some 1,l-dinitrobutane. Chromatography with 
a 2 X 38 cm column of neutral active alumina and methylene 
chloride resulted in retention of the 1,l-dinitrobutane on the 
column as a bright yellow complex. Distillation of the eluent 
gave 1.3 g (6.2% yield) of 1,l-dinitro-1-butyl-N'-fluorodiimide 
N-oxide, bp 34-35' (0.15 mm). 

A n a l .  Calcd for ClH7N4F05: C, 22.86; H, 3.33; N, 26.7; 
F, 9.05. Found: C,23.20; H, 3.17; N, 26.63; F,9.0. 

The proton nmr spectrum consisted of a triplet ( J  = 8 He) at  
6 1.12 for CHs, a multiplet at 8 1.9 for CHaCH2, and a triplet 
(J = 8 He) at  6 3.12 for the other methylene. The fluorine 
spectrum consisted of a broadened singlet a t  -125 ppm from 
external trifluoroacetic acid. The infrared spectrum consisted 
of bands at  3.42 (m), 3.53 (m), 6.4 (vs), 6.9 (m), 7.01 (m), 7.3 
(m), 7.54 (s), 9.05 (w), 10.8 (w), 11.7 (m), 12.4 (m), and 13.2 p 
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The half-life of radicals obtained by electrolysis of 
enolized 1,3 diketones is short because of rapid coupling 
reactions.2 In  DMSO as solvent, the reduction of the 
enolate anion of a 1,3 diketone causes decomposition 
via cleavage reactions.2b This latter fact appears to be 
inconsistent with one aspect of the pioneering work of 
Bauld and coworkers on the electron spin resonance 
(esr) spectra of dianion These workers 
reporteds esr data for the dianion radical formed by the 
electrochemical reduction of the dibenzoylmethide ion 
in DMF. On the basis of our observations of the elec- 
trochemical behavior of 1,3 diketones, we suggest that 
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the spectrum obtained by Bauld and Browne is actually 
that of the radical anion of l-phenyl-l12-propanedione 
rather than the dianion radical of dibenzoylmethane. 

In  Figure 1 the experimental spectrum (B) obtained 
from electrochemical reduction of dibenzoylmethide in 
DMF and the simulated spectrum (A) based on antici- 
pated splitting constants for dibenzoylmethane dianion 
radical are reproduced from the original papere6 Also 
included is a simulated spectrum for the anion radical 
of l-phenyl-l,2-propanedione using published splitting 
 constant^.^^^^^ In  spite of the relatively large line 
widths (ca. 0.2 gauss) the excellent agreement between 
the experimental spectrum (B) and the spectrum sim- 
ulated for the l-phenyl-1,2-propanedione radical anion 
(C) suggests that an unexpected reaction sequence is 
leading to the formation of the 1,2-diketone during 
electrochemical reduction of dibenzoylmethide. 

In  DMSO as solvent, several experiments demon- 
strate that the reduction of dibenzoylmethide is not a 
simple one electron process yielding the dianion radical. 
(1) Controlled potential coulometry a t  a potential 
cathodic of the half-wave potential of dibenzoylmethide 
(El/2 = -2.25 V us. sce, 0.1 il4 tetra-n-butylam- 
monium perchlorate in DMSO) resulted in a prolonged 
electrolysis with a total uptake of 3-4 electrons per 
dibenzoylmethide ion. (2) Cyclic voltammetric ex- 
periments indicated that the product of the reduction of 
dibenzoylmethide decomposed with a half-life of the 
order of 0.1 second. (3) Room temperature electro- 
chemical reduction of dibenozylmethide in a cell in the 
esr spectrometer microwave cavity produced aceto- 
phenone radical anion. The observed splitting con- 
stants were identical with those reported for aceto- 
phenone radical anion in 1,2-dimetho~yethane.~ 

The mechanism by which acetophenone is produced 
is not known though either cleavage of the dianion 
radical itself or cleavage of the dibenzoylmethide c a t s  
lyzed by bases generated during electrolysis seems likely. 
In  any case, the production of acetophenone during the 
electrolysis provides a clue to the source of the l-phenyl- 
l12-propanedione radical anion detected by Bauld and 
Brown.6 

In the original study' of the electrolytic reduction of 
acetophenone in DMF, an esr spectrum was obtained 
which proved to be inconsistent with the expected 
splitting constants for acetophenone radical anion. 
The species causing this spectrum was later identified8 
as the radical anion of l-pheny1-ll2-propanedione. 
This unexpected product has only been observed when 
DMF is used as solvent. In  DMSO or dimethoxy- 
ethane only the acetophenone radical anion is formed. 
It has been suggested8 that in DMF the dianion of 
acetophenone may abstract a carbonyl group from the 
solvent. This is consistent with the observationg that 
the radical anion of l-phenyl-l12-propanedione is ob- 
tained only a t  potentials on the second polarographic 
wave of acetophenone in DMF. 

We find that acetophenone radical anion is produced 
during reduction of dibenzoylmethide in DMF just as 
it is in DMSO. We suggest that under the conditions 
employed by Bauld and Browne for the electrolysis of 
dibenzoylmethide in DMF, the acetophenone produced 
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Figure 1.-A. Computer simulated esr spectrum for the 
dianion radical of dibenzoylmethide.6 B. Experimental esr 
spectrum obtained by electrochemical reduction of dibenzoyl- 
methide in DMF.6 C. Computer simulated spectrum for the 
radical anion of l-phenyl-l12-propanedione. 

by cleavage of dibenzoylmethide reacted further to 
produce l-phenyl-172-propanedione radical anion which 
gave the spectrum in Figure 1B. This reassignment 
pertains only to the spectrum reported from electro- 
chemical reduction of dibenzoylmethide in DMF. The 
partially resolved spectra obtained by chemical reduc- 
tion in other solvents are probably due to the dianion 
radical as originally stated.6 

Cleavage reactions are frequently encountered during 
the electrochemical reduction of 1,3-diketones. For 
example 2-t-butyl-1,3-diphenyl-l13-propanedione is re- 
duced (El,% = -1.80 V vs. sce; controlled potential 
coulometric n-value = 1.1 equivalents/mol) to the 
radical anion of 3 ,&dimethyl- 1-phenyl- 1-but anone (five 
nonequivalent ring protons with splitting constants of 
6.40, 4.25, 3.54, 1.10 and 0.82 gauss; two equivalent 
methylene protons with splitting constant of 4.21 
gauss). Other products of the cleavage reaction were 
not identified. 

A 1,3-diketone giving a relatively stable radical anion 
is 2,2-dimethyl-l13-diphenyl- l13-propanedione. Its rad- 
ical anion may be produced by controlled potential 
reduction (Elp = -1.78 V vs. sce; n-value = 0.99 
equivalents/mol). The spectrum was in agreement 
with the following assignment of splitting constants: 
six equivalent protons (ortho and para) ,  2.30 gauss; ten 
equivalent protons (meta and methyl), 0.50 gauss. 

The radical slowly decomposes in DlTSO yielding 
isobutyrophenone which may be identified in the elec- 
trolysis solution by polarography (Ellz = -2.03 V U S .  
sce) and by its esr spectrum obtained by further 
electrolysis of the above solution, The spectrum was 
identical with that obtained using authentic isobutyro- 
phenone (splitting constant for a-proton: ca. 2.5 
gauss. Very broad lines (0.4 gauss) are probably 
caused by unresolved methyl proton splittings) . 

The protons consumed in the formation of aceto- 
phenone during the electrolysis of dibenzoylmethide 
originate in the solvent. This was demonstrated by 
the acquisition of the esr spectrum of the radical anion 
of ds-acetophenone during reduction of undeuterated 
dibenzoylmethide in de-DMSO. The splitting con- 
stant for the three methyl deuterons was 1.04 gauss and 
the ring proton splittings were unaffected by the deu- 
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terium substitution. No deuterium-hydrogen ex- 
change was detectable by nmr in a solution of dibenzoyl- 
methide and tetra-n-butylammonium perchlorate in 
d6-DMS0 indicating that no deuteration occurs prior to 
electrolysis. 

Spectra may be obtained by electrolysis of dibenzoyl- 
methane in THF at  -60" or by electrolysis of diben- 
zoylmethane in DMSO containing 0.1 M tetra-n-butyl- 
ammonium dibenzoylmethide at  room temperature. 
These spectra are different than any so far reported for 
this system (benzil,' acetophenone, l-phenyl-1,2-pro- 
panedione6) but unambiguous analyses of the spectra 
have not been attained. Definite assignment must 
await further studies now in progress. 

Experimental Section 

A Sargent Model XV polarograph with a Sargent I R  compensa- 
tor was used with a three electrode polarographic ce11.2. The 
reference electrode was an aqueous saturated calomel electrode. 
The potentiostat for controlled potential coulometry was a 
Wenking Model 61 RS. The working electrode in the controlled 
potential electrolysis cellza was a 30 cmz mercury pool. Cyclic 
voltammetric instrumentation was of conventional10 design. 
The working electrode for cyclic voltammetry was a hanging 
mercury drop electrode (Model E410, Brinkmann Instruments) 
used in the polarographic cell mentioned above. The esr spec- 
trometer was a Varian E-3. A Varian electrolytic cell was used 
for generation of radicals in the microwave cavity. The com- 
puter program for simulation of esr spectra was similar to that 
employed by Stone and Maki.11 

Reagent grade DMSO was stirred over calcium hydride for a t  
least 12 hr and distilled at reduced pressure just before use. 
Tetra-n-butylammonium perchlorate (Matheson) was used as 
received except for the cyclic voltammetric studies where it was 
recrystallized from ethyl acetate and vacuum dried. The di- 
benzoylmethide ion was prepared as its tetra-n-butylammonium 
salt.$* The 2-t-butyl-l,3-diphenyl-l,3-propanedione was pre- 
pared by a procedure analogous to the reported synthesis of 
3-t-butyl-2,4-pentanedione:lz mp 124.5-125'; nmr (CCl,) S 
1.15 (s, 9, CH,), 5.22 (s, 1, methine), 7.38 (m, 6, aromatic), 
7.92 (m, 4, aromatic). Anal. Calcd for C19H200~: C, 81.40; 
H,  7.19. Found: C, 81.59; H,  7.23. The 2,2-dimethyl-1,3- 
diphenyl-l,3-~ropanedione was prepared as described previ- 
ously:l8 mp 97.5-98' (99");'3 nmr (CDCla) 6 1.67 (s, 6, CHa), 
7.33 (m, 6, aromatic), 7.85 (m, 4, aromatic). 
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The carbonylation reaction of olefins in the presence 
of metal carbonyls or carbonyl precursors to form acids 
or esters was developed by Reppe and his coworkers.' 
For example, the reaction of ethylene with CO and 
water in the presence of nickel salts or nickel carbonyl 
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yields propionic acid. When olefins larger than ethyl- 
ene are reacted, the products consist of large amounts 
of branched isomers, in addition to the desired linear 
product, i.e. 

RCHzCHd!!OCHs + RCH(CH3) 8 OCH3 

Furthermore, these reactions are generally carried out 
a t  temperatures above 150°, and a variety of other side 
reactions including polymerization, isomerization, and 
reduction can compete with the carbonylation. 

Recent reports describe successful olefin carbonyla- 
tion under relatively mild conditions which can avoid 
many of these competing reactions. Both palla- 
dium2a8 and platinum4 complexes were found to be cata- 
lytically active below 100". However, none of these 
systems, as described, offers the combination of excellent 
yields and a high degree of product linearity. While 
systems for the formation of highly linear aldehydes6t6 
or alcohols7 from a olefins are known, the purpose of 
this note is to describe a catalyst system that will effect 
rapid conversion of CY olefins to highly linear acids or 
esters. 

Jenner and Lindsey4 found that a platinum salt-tin 
salt couple catalyzed the formation of esters from ole- 
fins a t  relatively low temperatures. However, their 
work was limited to olefins with less than six carbon 
atoms, and very high pressures (4300-1000 atm) with 
long reaction times (usually 10-16 hr) were necessitated. 
Additionally, propylene, the only straight chain, a 
monoolefin reported, gave a product mixture containing 
approximately equal amounts of methyl n-butyrate 
and methyl isobutyrate. 

By utilizing a solvent such as acetone, methyl iso- 
butyl ketone or l,Zdimethoxyethane, and carefully 
controlling the reaction conditions, it has now been 
found that a H2PtC16-SnC12 couple will catalyze car- 
bonylation of olefins such as dodecene-1, in the presence 
of methanol, to highly linear (-85%) esters in 1 hr at  
200 atm. The system has also been extended to acid 
synthesis under essentially the same conditions, by 
substituting water for the methanol. A typical reac- 
tion was carried out a t  90" and 3000 psig of CO, with 
1 mol '% of H2PtC16 and 5 mol '% of SnCh as catalyst, 
and acetone as solvent. Dodecene-1 conversion was 
100% and product yield approximately 80% regardless 
of whether H2O or methanol was utilized in the reac- 
tion, A small amount of olefin reduction occurred 
(2-4% of the olefin), but isomerization of the CY olefin 
to internal olefins (mostly the 2-isomer) was the only 
major competing reaction. The acid (or ester) product 
was composed of approximately 85% of the straight 
chain isomer and 15y0 branched isomers. A mass spec- 
tral study showed that 80% of the branched product 
was the 2-methyl isomer. 
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