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carboxylation of 1 may be rate limiting. That the slow step
involves formation of a reactive iron oxidant (mechanism C)
is supported by the following observations:!7 (1) iron catalyzes
the decarboxylation of other a-keto acids and exhibits a value
for k. that is insensitive to the structure of the a-keto acid
and (2) the rate for iron-catalyzed loss of hydrogen peroxide
(through either disproportionation or decarboxylation) is in-
dependent of the presence or absence of the a-keto acid.
Based on the observed metal ion specificity for rate en-
hancement, we favor mechanisms such as those shown in
Schemes I and I1!¢ in which iron participates in the actual
electron-transfer process (mechanism C).'% Further support
for this conclusion comes from the observation that iron also
exhibits strong catalysis in the presence of peroxyacetic acid
and tert-butyl hydroperoxide. If mechanism B were operative,
internal delivery of a peroxo group chelated to iron would likely
be possible only with the “double ended” oxidant, HOOH. If
one of the hydrogens were replaced by an acyl or tert-butyl
group, nucleophilic attack on'1 by a peroxide molecule coor-
dinated to iron through a hydroxyl group would be blocked.
All three peroxide derivatives are, however, capable of oxi-
dizing iron to form a common reactive metal species, such as
4, that can convert 1 into 2, as shown in the schemes. More-
over, highly oxidized iron species have been previously sug-
gested as oxidants in other reactions.?® Although both of these
mechanisms are speculative in detail, each incorporates the
formation of an iron(IV) species consistent with our observa-
tions. A major difference in these pathways lies in the presence
(Scheme I) or absence (Scheme II) of an oxygen, perhaps
derived from the peroxide, that is associated with the iron in
the actual decarboxylation step. Additional studies to char-
acterize this catalytic process more fully are in progress.
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Carboxylic and Phosphate Esters of a-Fluoro Alcohols!
Sir:

Fluorine substituted substrate analogues have played an
increasingly important role in the elucidation and rational
perturbation of biological processes.?3 The exceptional utility
of fluorine stems from its high electronegativity and small size,
its Van der Waals radius (~1.35 A) not greatly exceeding that
of hydrogen (~1.10 A).% This dimensional parity is particularly
important in biological situations, where binding of substrates
to sterically defined macromolecular sites is a prerequisite to
fruitful interaction, although the unique electronic properties
of fluorine also make it a standard tool in the study of chemical
transformations, Owing to the absence of methods for their
preparation, however, the rich potential of carboxylic and
phosphate esters of a-fluoro alcohols as chemical and bio-
chemical probes has never been exploited.> Although a few
carboxylic esters of perfluorinated, and consequently atypical,
alcohols have been reported,$ to our knowledge no phosphorus
ester of an «-fluoro alcohol has ever been prepared.

The most common synthesis of esters, the reaction of alco-
hols with esterifying reagents, is not viable with a-difluoro
alcohols owing to their inherent instability. Thus, trifluoro-
methanol, the only simple a-fluoro alcohol which has been
isolated, undergoes exothermic loss of HF at temperatures
above —20 °C.”8 Furthermore, although e-fluorinated ethers
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are prepared by addition of alkoxides to fluoro olefins,* this
route is not available for the synthesis of esters owing to the
attenuated nucleophilicity of carboxylate and phosphate an-
ions. Finally, the lability of phosphate esters, particularly those
derived from allylic alcohols, is incompatible with the available
direct fluorination methods.*® We report here the first po-
tentially general synthesis of carbon and phosphorus esters of
a-fluoro alcohols, using an allylic transposition of functionality
to introduce an already esterified oxygen at a terminal diflu-
orovinyl carbon. The preparation of 1,1-difluorofarnesol esters
has been chosen as a prototypical system, not only because of
the potential utility of the products in investigations of terpene
biosynthesis, but also because the penchant of the farnesyl
skeleton to undergo cationic cyclization reactions!® makes it
a challenging model for the development of versatile meth-
odology.

The synthesis of difluoroallyl alcohol units, key intermedi-
ates in our approach to a-fluoro alcohol esters, is illustrated
by the synthesis of 1,1-difluoronerolidol (1a) from geranyla-
cetone (2a). The first step in the sequence, conversion of a
ketone to a protected a-hydroxyaldehyde, is accomplished by
a general procedure developed in this laboratory.!! Thus, re-
action of geranylacetone with 1.1 equiv of freshly distilled
trimethylsilyl cyanide (TMSCN) under Hgl, catalysis!2
proceeded exothermically to give 3a (90% isolated yield).!3
This intermediate, however, was not usually isolated but was
directly reduced after vacuum removal of excess TMSCN, by
reaction with {-Bu, AlH (1.5 equiv) in THF at —20 °C. It is
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essential to use THF in this reduction, since reaction in hy-
drocarbons or other solvents of low complexing ability results
in overreduction of the nitrile to an amine.'!"!2 Using THF,
aldehyde 4a was obtained in 88% yield (from geranylacetone)
after aqueous workup and distillation. Reaction of aldehyde
4a with CF»Br, (2.2 equiv) and trisdimethylaminophosphine
(4.5 equiv) in THF, according to the method of Naae and
Burton,'4 furnished 5a in 79% isolated yield. Finally, 1,1-di-
fluoronerolidol (1a)'5 was obtained quantitatively on removal
of the protecting group from 5a by stirring with NaOH (1.5
equiv) in 5:1 MeOH-H,O at 50 °C. The generality of this
sequence of steps is demonstrated by analogous preparation
of b from acetophenone in similar yield. However, in contrast
to 1,1-difluoronerolidol, alcohol 1b, obtained from 5b by hy-
drolysis, is unstable, an observation consistent with the fact that
difluorovinylarylcarbinols were not isolated from the reaction
of aryl aldehydes with 2,2-difluorovinyllithium.!6

Treatment of tertiary allylic alcohols with acetic anhydride
in the presence of p-toluenesulfonic acid has been shown to
provide the corresponding allylically transposed acetates.!”
Linalool, the ten-carbon analogue of nerolidol, is an exception,
primarily yielding cyclized products.!”2 Nevertheless, exposure
of 1,1-difluoronerolidol to acetic anhydride containing p-tol-
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uenesulfonic acid at 25 °C resulted in the following product
mixture (by GLC analysis): 1,1-difluorofarnesyl acetate (7a,
66%, ~3:1 2E-2Z isomer mixture by 1°F NMR), 1,1-difluo-
ronerolidyl acetate (6a, 3%), farnesoyl fluoride (30%), and
starting alcohol 1a (1%). Primary acetate 7a, however, could
only be isolated in ~40% yield after silica gel chromatography.
Since the most attractive rationale for the formation of far-
nesoyl fluoride is acid-catalyzed transposition of the hydroxyl
group, followed by loss of HF, we investigated the use of pre-
formed 1,1-difluoronerolidyl acetate (6a) as the starting point
for the rearrangement, This tertiary acetate was obtained in
98% yield by reaction of 1a with a mixture of acetic anhydride
(4 equiv), 4-dimethylaminopyridine (1.1 equiv),!® and tri-
ethylamine (1.5 equiv) in ether. The acetate was not formed

-OH
R )\/CFZ — )Q/CFZOH — /K,wcor:
R

in the absence of 4-d1methylaminopyridine. Tertiary acetate
6a did not rearrange to primary acetate 7a on warming in
benzene (80 °C, 24 h), providing instead a complex product
mixture even in the presence of KOAc and 18-crown-6.'°
However, reaction of 6a in acetic anhydride with a catalytic
amount of p-toluenesulfonic acid provided 7a2® in 75% yield
after purification by low pressure chromatography on silica
gel. Analogously, although the instability of 1b did not permit
initial acetylation, direct reaction of the alcohol with acetic
anhydride and p-toluenesulfonic acid gave 7h!3 in 24% isolated
yield.

Subsequent to a series of unpromising exploratory experi-
ments, including examination of the reactions of 1,1-difluo-
rofarnesyl bromide and chloride with phosphate silver salts,2!
our efforts to prepare a phosphate ester of 1,1-difluorofarnesol
focused on the synthesis of a dialkyl phosphate derivative of
1,1-difluoronerolidol. Diethyl phosphochloridate (1.1 equiv)
was therefore added (25 °C) to the alkoxide generated by
treatment of 1a with n-BuLi (1 equiv) in hexane at —78 °C,
To our delight, low pressure chromatographic separation of
the products gave, not the tertiary phosphate, but a mixture
of the 2E and 2Z isomers of 1,1-difluorofarnesyl diethyl
phosphate (8a, 30% yield).22 The same reaction in benzene,
however, primarily gave 1,1-difluorofarnesyl chloride rather
than the diethyl phosphate. A high yield of primary phosphate
was obtained with a different phosphorylation procedure.
Stirring diphenyl phosphochloridate (2.4 equiv), 4-dimeth-
ylaminopyridine (2.4 equiv), triethylamine (2.2 equiv), and
1,1-difluoronerolidol in THF for 48 h led to the isolation of 9a
(2:1 2E-2Z isomer mixture) in 80% yield. The 2E!3 and 2213
isomers could be separated in this instance by low pressure
chromatography on silica gel.

The acetyl (7a), diethyl phosphate (8a), and diphenyl
phosphate (9a) derivatives of 1,1-difluorofarnesol are stable
structures which survive brief exposure to dilute aqueous acid
or base and which can be stored in the refrigerator if pure. The
remarkable thermal stability of the phosphate derivatives is
emphasized by the observation of parent ions in their chemical
ionization mass spectra. Extension of the present methodology
to the preparation of monofluorinated functionalities is in
progress.
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Structure Elucidation by High Resolution Mass
Spectrometry of a Highly Modified Nucleoside from
Mammalian Transfer RNA. N-{(9-8-D-Ribofuranosyl-
2-methyithiopurin-6-yl)carbamoyljthreonine

Sir;

The chemical and conformational properties of modified
nucleosides in tRNA, particularly those in the anticodon re-
gion, are thought to play a role in the biological functions of
transfer RNA."2 As interest in structure and function of eu-

karyotic tRNA grows, the structure elucidation of new nu-
cleosides becomes more difficult owing to the complexity of
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structures encountered? and limitations in sample quantity.
We report here the structure of the title compound as 1,3 based
on mass spectrometry carried out on 35 ug of material.

c
(I:HOH
(I:ONH(ISH
NH CO2H
N# N\
s Ly
HO 0
HO OH

1,458.1203 (-1.7)

Unfractionated rabbit liver tRNA (5 g) was incubated with
nuclease Py (pH 5.0, 37 °C, 2 h) and the resulting hydrolysate
fractionated by DEAE-cellulose (DE-52) with a linear NaCl
gradient (0-0.2. M, pH 7.5) in the presence of 7 M urea.
Fractions containing the unknown nucleoside N as pNpA were
converted into mononucleotides (snake venom phosphodies-
terase, pH 7.5, 37 °C, 18 h) which were separated by DEAE
Sephadex A-25 (pH 7.8, 0.1-0.7 M, triethylammonium bi-
carbonate gradient). Nucleotide pN (6 Ao units) was purified
by two-dimensional paper electrophoresis and chromatography
(first run, 30 V/cm for 5 h with 5% acetic acid (adjusted to pH
3.5 by pyridine); second run, isobutyric acid-0.5 M NHj (5:3
v/v)) and then dephosphorylated by alkaline phosphomo-
noesterase.4

Permethylation of the unknown nucleoside using methyl-
sulfinyl carbanion with CD3I or CH3I5 each yielded two

NR2

NP N
CH3S)\\N| N>
RO .0

RO OR

2, R = CD,, 398.2558 (0.1)
3, R=CH,, 383.1611 (-1.6)
8, R =H, 313.0831 (-1.4)

products which were completely fractionated by vaporization
from the mass spectrometer probe at 100 (2, 3) and 150 °C (4,
5), while trimethylsilylation® produced a single derivative
(Si(CH3)3, 6; Si(CD3)3, 7).

s
(llHOR'
('IONRZ('ZRZ
NR2  COoR!
NZ~~N
CHss*\N' N\>
RIO— 0

RO OR!
4,R!=R?=CD,
5,R'=R?=CH,, 570.2448 (-2.4)
6, R! = Me,Si (TMS), R?= H, 818.3184 (-1.2)
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