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A New Synthesis of Reactive Ketenes (Solutions) 

Summary: Distilled solutions of reactive ketenes are 
conveniently prepared by the reaction of a-bromoacyl 
chlorides and pentacarbonylmanganese anion. 

Sir: Ketenes 1 can be synthesized by a variety of methods.' 
However, yields are often mediocre, the solutions some- 
times contaminated with other products, or the reactions 
not suitable for small-scale preparations (ketene itself). We 
have found that the reaction of pentacarbonylmanganate 
anion (2) with a-bromoacyl chlorides (or bromides) 
unexpectedly leads in good yield to ketenes or with viny- 
logous y-bromo compounds to vinyl ketenes. 
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The reactions shown in eq 1 and 2 are extremely rapid 
at or well below room temperature and this feature is what 
makes this synthetic method particularly adaptable for the 
preparation of distilled solutions of the less stable ketenes? 

For the millimolar-scale preparative procedures for 
which this method is ideally suited, the reagent PPN+- 
Mn(CO)5- is preferred since this yellow salt can be 
weighed in air and is soluble in many organic solvents. 

Procedure A. To prepare a ca. 0.5 M ketene solution 
(0.5-mmol scale), one sequentially adds a-bromoacetyl 
chloride in 0.5 mL of CHC1, and then 2a, also in 0.5 mL 
CHCl,, to a liquid N2 cooled trap containing a magnetic 
stirring bar. This trap is connected to a second liquid N2 
cooled receiver and the system evacuated to ca. 0.1 mmHg 
and closed. The reactant trap is allowed to rapidly warm 
up in air (to ca. 0 "C) with stirring beginning as soon as 
the CHC1, solution melts. Distillation of the CHC13-ketene 
solution is controlled by the depth of cooling of the receiver 
and is completed in ca. 3-5 min. (or less than 0.5 h total 
time for all operations starting from stable reagents). For 
exploratory purposes, the ketene concentrations (CDCl,) 
were determined by low temperature (-40 to -50 "C) 'H 
NMR spectro~copy.~ In the case of ketene, the distilled 
yields are in the 95% range. Although this procedure is 
not suitable if large amounts of ketene are needed, it is 
convenient, reliable, and quick for the preparation of 
millimolar quantities and we believe this to be the method 

(1) The Chemistry of Ketenes, Allenes and Related Compounds; 
Patai, S., Ed.; Wiley: New York, 1980, Parta 1 and 2 

(2) Many diarylketenes have been iaolatad in good yield by wing 
existing methods, and there is no need to we the present method in such 
cases. 

(3) (a) DUMy, D. N.; Nicholson, B. K. J. Organomet. Chem. 1979,164, 
227. (b) Gladyez, J. A.; Williams, G. M.; Tam, W.; Johnson, D. L.; Parker, 
D. W.; Selover, J. C. Inorg. Chem. 1979, 18, 553. 

(4) The reagent is reported to be unchanged after 1 year when stored 
in a freezer under nitrogen.& 

(5)  In the case of the ketene analysis only, the dietillate was collected 
in an NMR tube, which waa subsequently waled as a precaution againat 
any ketene loss during the analysis. Infrared spectra and 'H NMR 
analysis of dimerization products were also carried out in some cases. All 
'H NMR data is provided as supplementary material. 
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of choice in such situations! Furthermore, the yields are 
sufficiently quantitative that a standardization of the so- 
lution may not always be needed. Dimethyl ketene can 
also be prepared by this procedure (95% yield, high pu- 
rity). Ketene and dialkyl ketenes are amongst the more 
stable members of this group, and a more stringent test 
is provided by methyl or ethyl ketene.' In this case, the 
procedure had to be modified. 

Procedure B. The a-bromoacyl chloride (or bromide) 
in CHC1, is rapidly added in several increments via a 
stoppered long syringe needle to just above a concentrated 
CHCIB solution of the Mn(C0); salt (initial frozen vacuum 
of ca. 0.1 mmHg, operating vacuum under CHC1, distil- 
lation is ca. 20 mm) with stirring at  ca. 0 OC (the constant 
CHC1, distillation keeps the solution cold even though no 
external cooling is provided at  this point). On a ca. 0.5- 
mmol scale, the total addition time is 2-3 min, and both 
methyl and ethyl ketene are collected as ca. 0.5 M solutions 
in about 90% yield. 

Methyl vinyl ketene can be prepared from y-bromo- 
tigloyl chloride in >80% yield by using either procedure 
but vinyl ketene itself has proven even more difficult to 
prepare than methyl or ethyl ketene. Procedure B has 
been used under exacting conditions to provide ca. 35% 
yield on a 0.1-mmol scale of this very reactive species.8 It 
is imperative in this case to keep the PPN+ salt nearly dry 
during the CHC1, solution addition, i.e., distill off the 
CHC1, very rapidly after it contacts the salt.g A de- 
scription of this synthesis is provided as supplementary 
material, including a detailed description of the apparatus 
used in all experiments. 

Since both PPN+Cl- and Mn(CO),Br are relatively inert 
compounds, we have shown that some in situ ketene 
preparations are also possible, using temperatures of about 
-40 OC in the generation. 

The present ketene synthesis has some similarity to the 
Staudinger method;' however, the present reaction is much 
faster and may well involve a distinct reaction mechanism. 
In our case, interchanging the halogens in a a-bromoacyl 
chloride virtually completely changes the course of the 
reaction to give mainly the (a-chloroacy1)manganese com- 
pound 31° (eq 3). On heating to 80 OC in CDC1, in a sealed 
tube, the major reaction is a decarbonylation to give 4,l' 
a normal type of acylmanganese reactivity (eq 4). 
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(6) Fieser, L. F.; Fieser, M. Reagents for Organic Synthesis; Wiley: 
New York, 1967; Vol. 1, p 528. Here the pyrolysis of diketene is recom- 
meded as the method of choice for making ketene. 

(7) McCarney, C. C.; Ward, R. S. J. Chem. SOC., Perkin Trans. 1976, 
1600. 

(8) Trahanovaky, W. S.; Surber, B. W.; Wilkea, M. C.; Preckel, M. M. 
J. Am. Chem. SOC. 1982, 104, 6779 and references therein. 

(9) A glass wool plug is added to the transfer line to trap small 
amounta of the PPN+ salt which tend to spray out of the mixing flask. 
A twofold excem of the PPN+ salt was also used in this preparation, and 
the total reaction time was only 45 a. 

(10) (a) Dilgassa, M.; Curtis, M. D. J. Organomet. Chern. 1979 172, 
177. (b) Calderazzo, F.; Noack, K.; Schaerer, U. J. Organomet. Chem. 
1966, 6, 265. 

(11) Botha, C.; Moas, J. R.; Pelling, S. J. Organomet. Chem. 1981,220, 
C21424. When we heat 3, compound 4 is the major product, but there 
are other high-field 'H peaks present as well. There is no sign of diketene 
in this solution. 
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From these results, one can probably exclude, for the 
mechanism of the ketene forming reaction, the transient 
formation of a (a-bromoacy1)manganese (like 3) followed 
by elimination of Mn(CO)5Br. Additionally, in eq 2, such 
an intermediate would leave the bromine and manganese 
on opposite sides of a double bond and spatially distant, 
an unlikely scenario for rapid vinyl ketene formation. 

The normal reactivity of 2 and an acyl halide is the very 
rapid formation of the acyl manganese compound. The 
complete circumvention of this “normal” reaction by the 
ketene forming mechanism implies that the latter reaction 
rate would have to be very rapid indeed, exactly as one 
finds.  

In treating the eq 1 or 2 reactions in terms of a 
HOMO-LUMO interaction, the C-Br bond has been or- 
iented perpendicular to the carbonyl group plane in the 
computed l2 LUMO of the a-bromoacyl chloride 5. This 
LUMO has n-character, and a direct attack from under- 
neath could lead smoothly with Br- loss to the n-complex 
ion pair 6, which might then collapse to MII(CO)~B~, C1- 
and ketene. Complex 6 has close analogies in cyclo- 
pentadienyliron dicarbonyl c~mplexes.~~ However, a direct 
attack on 5 via the a-bromine looks like an even more 
straightforward mechanism (electron transfer?), i.e. 
structure7. 

5 6 7 

In summary, we believe that this new synthetic proce- 
dure offers a convenient small-scale preparation of ketene 
and monoalkyl ketenes and a synthesis of vinyl ketenes 
free of pyrolysis coproducts. 

We are extending this investigation to the generation 
of other reactive ketenes, as well as investigating the utility 
of other metal-centered nucleophiles in carrying out these 
reactions. 
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Modification of Guanine Bases: Reaction of 
N2-Acylated Guanine Nucleosides with 
Dichloro-(NJV-diisopropy1amino)phosphine 

Summary: N2-acylated guanine nucleosides (acyl = ben- 
zoyl, isobutyryl, acetyl) reacted rapidly with dichloro- 
(Na-diisopropy1amino)phosphine in the presence of di- 
isopropylethylamine to give novel phosphitylated tricyclic 
guanine nucleoside derivatives in 60-96 % yield. 

Sir: We wish to describe the synthesis and structure de- 
termination of novel phosphitylated tricyclic guanine nu- 
cleoside derivatives. These derivatives are readily formed 
by the reaction of N2-acylated guanine nucleosides (widely 
used in nucleotide synthesis) with dichloro-(N,N-diiso- 
propy1amino)phosphine (1) in the presence of diiso- 
propylethylamine (2). These novel derivatives were 
unexpectedly detected during a 31P NMR study of the 
reaction of N2-acylated guanine nucleosides with chloro- 
(NJV-diisopropy1amino)methoxyphosphine (3), a reagent 
commonly used for the preparation of n~cleoside-3’-0-~*~ 
and 5’-0-(N~-diisopropylamino)phosphoramidites,3 key 
intermediates in the chemical synthesis of DNA and RNA 
molecules. Dichloro-(NJV-diisopropy1amino)phosphine ( 1) 
was obtained as an impurity during the preparation of 
reagent 3. 

Compound 1 was prepared by the reaction of phospho- 
rous trichloride (1 equiv) and diisopropylamine (2 equiv) 
in ether (0 “C) in 67% isolated yield.* This material 
showed spectroscopic properties (31P NMR, 8CDCb = 169.8 
ppm) identical with those of the impurity in our original 
phosphite reagent 3 (31P NMR, 6 , ~  = 184.2 ppm). When 
nucleoside 4a (1.0 mmol), the dickloroaminophosphine 
reagent 1 (1.1 mmol), and diisopropylethylamine (7.8 
mmol) were combined (3 mL of CHCl,, 20 “C, 20 min), 5a 
was isolated as a yellow solid, mp 93-97 “C, C41H71N606- 
PSi3,5 in 96% yield after silica gel chromatography (di- 
chloromethane as eluant; R, 0.64, 1:6 chloroform-ether). 

The structure of 5a was established by spectroscopic 
means. The 31P NMR spectrum showed two resonance 
signals a t  93.7 and 93.5 ppm. The UV spectrum (EtOH) 
was indicative of the extended ring system: A,,, (e) 377 
sh (8700), 356 (14100), 344 (14500), 262 (19500). The lH 
NMR and the coupled INEPT 15N NMR showed no in- 
dication of the two NH signals present in guanosine 4aa6 
Further evidence for the structure of this product was 
provided by the I3C and 15N NMR and IR spectra. The 
13C NMR resonance of the carbonyl group of the benzoyl 
moiety of 4a appears as a singlet at 167.14 ppm, while in 
the tricyclic derivative 5a, this carbon signal is coupled to 
phosphorus and appears as a doublet centered at 160.58 
(isomer 1) and 160.53 ppm (isomer 2) with ‘J13C-31~ = 6.0 
and 6.9 Hz, respectively. The upfield shift experienced 
by this carbon strongly suggests that the amido carbonyl 

(1) McBride, L. J.; Caruthers, M. H. Tetrahedron Lett. 1981, 24, 

(2) Adams, S. P.; Kavka, K. S.; Wykes, E. J.; Holder, S. B.; Galluppi 

(3) Damha, M. J.; Pon, R. T.; Ogilvie, K. K. Tetrahedron Let t .  1985, 

(4) During the preparation of this manuscript Tanaka et al. reported 
the synthesis of this reagent: Tanaka, T.; Tamatsukuri, S.; Ikehara, M. 
Tetrahedron Lett. 1986,27, 199-202. 

(5 )  Satisfactory microanalyses, UV, FAB mass spectra, and ‘H, 13C, 
and 31P NMR data were obtained for each compound here reported. 

(6) ‘H NMR (CDCII) in ppm from Me,Si. 4a: 12.12 (NH), 8.62 (NH, 
DzO exchangeable). INEPT 15N NMR (CDCI,) in ppm from lSNH4NO3: 
[0.3 M 4a] 224.8 (N7, J N ~ - H ~  = 11.6 Hz), 149.7 (N9, JN+H~ = 8.3 Hz), 129.0 
(NI, J N p H 1  = 91.6 Hz), 106.7 (N2, JNZ-HZ = 94.8 Hz). 0.6 M 5a: 225.1, 
224.1 (N7, isomers 1, 2, JN,-H8 = 11.6, 11.6 Hz, respectively), 149.9,149.8 
(N9, isomers 1, 2, JN+H~ = 6.6, 8.3 Hz, respectively). 
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