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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-bromoacyl)manganese (like 3) followed
by elimination of Mn(CO);Br. 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 2 LUMO of the a-bromoacyl chloride 5. This
LUMO has #-character, and a direct attack from under-
neath could lead smoothly with Br~ loss to the 7-complex
ion pair 6, which might then collapse to Mn(CO);Br, Cl~
and ketene. Complex 6 has close analogies in cyclo-
pentadienyliron dicarbonyl complexes.’* However, a direct
attack on 5 via the a-bromine looks like an even more
straightforward mechanism (electron transfer?), i.e.
structure?7.

0
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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
NZ2.Acylated Guanine Nucleosides with
Dichloro-(N,N-diisopropylamino)phosphine

Summary: N%-acylated guanine nucleosides (acyl = ben-
zoyl, isobutyryl, acetyl) reacted rapidly with dichloro-
(N,N-diisopropylamino)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-(NV,N-diiso-
propylamino)phosphine (1) in the presence of diiso-
propylethylamine (2). These novel derivatives were
unexpectedly detected during a 3'P NMR study of the
reaction of N%-acylated guanine nucleosides with chloro-
(N,N-diisopropylamino)methoxyphosphine (3), a reagent
commonly used for the preparation of nucleoside-3"-0-12
and &-0-(N,N-diisopropylamino)phosphoramidites,® key
intermediates in the chemical synthesis of DNA and RNA
molecules. Dichloro-(V,N-diisopropylamino)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 (P NMR, d¢cpcy, = 169.8
ppm) identical with those of the impurity in our original
phosphite reagent 3 (*'P NMR, d¢pcy, = 184.2 ppm). When
nucleoside 4a (1.0 mmol), the diclflloroaminophosphine
reagent 1 (1.1 mmol), and diisopropylethylamine (7.8
mmol) were combined (3 mL of CHCly, 20 °C, 20 min), 5a
was isolated as a yellow solid, mp 93-97 °C, C;H., NgOe-
PSi;,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 3P NMR spectrum showed two resonance
signals at 93.7 and 93.5 ppm. The UV spectrum (EtOH)
was indicative of the extended ring system: Ap,, (¢) 377
sh (8700), 356 (14 100), 344 (14 500), 262 (19500). The 'H
NMR and the coupled INEPT N NMR showed no in-
dication of the two NH signals present in guanosine 4a.%
Further evidence for the structure of this product was
provided by the °C and *N 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 %Jisc_ap = 6.0
and 6.9 Hz, respectively. The upfield shift experienced
by this carbon strongly suggests that the amido carbonyl
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(benzoyl) in 5a has been converted into an sp? carbon of
the type OC=N.” The infrared spectrum (carbonyl re-
gion) of guanosine 4a shows two absorptions at 1710 and
1670 cm™, which have been assigned to C6=0 (lactam)
and C=0 (benzoyl) groups, respectively,? while the tri-
cyclic guanosine derivative 5a showed these absorptions
at 1710 and 1620 cm™. The lowering of the vibrational
frequency of the C==0 (benzoyl) group is consistent with
the ®C NMR results, both indicating an increase single
bond character of the C—O bond. Assignments of N
NMR resonances to specific nitrogens of 4a and 5a° have
been made on the basis of nitrogen—-hydrogen coupling
constants® and SN NMR studies of nucleosides previously
reported.!%! The signal at 129.7 ppm corresponding to

(7) Wehrli, F. W.; Wirthlin, T. Interpretation of Carbon-13 NMR
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227.4 (N7), 162.3 (N3), 149.1 (N9), 129.7 (NI), 107.5 (N2). 1.4 M 5a,
isomers 1, 2: 230.0, 228.1 (N7), 197.4, 197.0 (N3), 189.4, 189.0 (N2), 149.6,
149.5 (N9), 141.2, 141.0 (N1, YJsy_s1p = 56.5, 56.8 Hz, respectively), 85.2,
85.0 (diisopropylamine N, Jisy_stp = 89.2, 88.9 Hz, respectively). Note:
Because N2 and N3 signals in 5a are very close together, it is conceivable
that the assignments may be reversed.
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1977, 99, 714-718.
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Trans. 2 1977, 1268-1275.
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N1 in compound 4a is shifted downfield to 141.2 ppm in
5a and as expected, exhibited coupling to phosphoerous
with YJisy_up coupling of 57 Hz.'2 The N2 resonance of
4a experienced a downfield shift of 82 ppm upon con-
version to 5a, consistent with a change of hybridization
of this nitrogen.’? The addition of a third ring in 5a shifted
the N3 resonance 35 ppm downfield compared to N3 in
4a, and this shift is indicative of the greater degree of
aromatic character of the pyrimidine ring which is now the
central ring of the tricyclic base. Finally, the FAB mass
spectrum of 5a showed the ions MH* and (B + 2H)™* at
m/e 859 and 385, respectively.

The formation of 5a from 4a could arise via reaction of
1 with N1 followed by a rapid intramolecular cyclization
with the N%-benzoyl group. As expected, the cyclization
did not occur with O%-protected, N2-tritylated, or N2-un-
protected guanosines. The N2-benzoyl-, N-isobutyryl-,
and NZ-acetyl-2’-deoxyguanosines 4b-d also afforded the
corresponding modified 2’-deoxyguanosines 5b-d in good
yields (Scheme I). Compound 5a is a “protected” gua-
nosine since quantitative reconversion of 5a to 4a occurs
within 5 min upon treatment with 3% trichloroacetic acid
(CHCly) at 20 °C.

The modification of guanine bases described herein
provides a new series of novel guanine nucleoside ana-
logues. It also introduces a new base-protecting group for
guanine nucleosides which can be removed under midly
acidic conditions.
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