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Table I. Nmr Data of the Methyl and Nickel Complexes®

6, chemical shifts in ppm?

Complex Solvent Temp, °C CH3-Ni CH;(acac) CH(acac)
CH;Ni(acac)(PPh;). Benzene 25 0.09@3,5) 1.39(3,s) 5.30,s)
1.89(3,5)
Pyridine 25 0.04 (3,s) 1.78 (6, ) 5.40(1, s)
CHCH;Ni CHj(acac) CH(acac)
CH,CH:Ni(acac)(PPh;) Acetone-~-ds 25 0.18(5,s) 1.42(3,5) 5.37(1,s)
1.89(3,5)
Benzene 25 0.77 (5, 8) 1.43(3,s) 5.30(1, s)
1.93(3,s)
Pyridinec 64 0.60 (3, t)¢ 1.76 (6, s) 5.40 (1, s)
(220 MHz) 0.89 (2, )¢
—36 0.6(3, br, s) 1.62 (3, br, s)
0.9 (2, br, s) 1.82 (3, br, s)

o Chemical shifts are referenced to internal TMS. When TMS interferes with the sample peaks, an appropriate peak of the known chemical
shift relative to TMS was used as the standard. The chemical shift values with an external TMS varied depending on the concentration of

the sample. ? Figures in parentheses mean peak intensity and the multiplicity: s, singlet; t, triplet; q, quartet; br, broad. ¢ Peaks due
to ethane and the coordinated ethylene which were formed by decomposition of 1 are observed at § 0.72 and 2.5-2.8, respectively. ¢J = 7.4
Hz.

at —36°. The peaks due to the ethyl protons in 1 + C:H,, is observed in the range § 2.5-2.8.7° Methane

show striking variation depending on solvent. The
ethyl peaks are observed as a singlet in benzene, ace-
tone, toluene, and tetrahydrofuran whereas in more
basic solvents such as pyridine and triethylamine they
are observed as a multiplet at 100 MHz and as a pair
of a triplet and a quartet at 220 MHz. The singlet
ethyl peak of 1 in toluene is broadened by lowering
the temperature, but neither the splitting of the peak
nor the appearance of a hydride peak was observed
at —100°. Examination of the 3'P nmr spectrum of 1
revealed that the coordinated triphenylphosphine
ligand exchanges quite rapidly with the added tri-
phenylphosphine in pyridine even at —40° where the
methyl protons in the acetylacetonato ligand are
observed as nonequivalent. On the other hand the
exchange of the triphenylphosphine ligand in ben-
zene or toluene is much slower. These results sug-
gest that a partial dissociation of the acetylacetonato
ligand (bidentate - monodentate) and recoordination
may be operative as a mechanism to make the methyl
protons of the acetylacetonato ligand equivalent.
Lewis bases enhance the ligands dissociation whereas
they suppress the proton interchange of the ethyl
group bonded to nickel. Although the 8 elimination
is considered as a possible mechanism to explain the
rapid interconversion in less basic solvents, the ethyl-
ene-coordinated nickel hydride which is assumed as
the intermediate may not be present as a separate
entity of a measurable lifetime, since no hydride peak
was observed and attempts to cause the isomeriza-
tion of butene-1 with 1 failed.

By enhancing the ligand exchange rate, Lewis bases
cause another complication; pyridine (py) causes the
disproportionation of 1 as follows

2NiC.H;(acac)(PPh;) + 2py —>
Ni(acac); - 2py + (PPh):Ni(CH,) + C:Hs (1)

Ni(acac),-2py was isolated and identified after leaving
the pyridine solution of 1 at room temperature for
2 weeks or after heating the solution at 70° for 2 hr.
The presence of ethane formed by the disproportiona-
tion reaction is observed as a singlet peak at 3 0.72
and the peak of the coordinated ethylene, which is
present in the equilibrium (PPh;).NiC.H, = (PPh;).Ni

is formed by treating 2 in pyridine, and a similar dis-
proportionation of 2 to eq 1 appears to be taking place.

The thermal stability of the present ethyl complex
1 which has an ethyl group having 8 hydrogens readily
abstractable by transition metal is noteworthy in dis-
cussing the theory to explain the stability of the tran-
sition metal alkyls.?
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Nucleic Acid Related Compounds. VII.
Conversion of Ribonucleoside 2’,3’-Ortho Esters into
Deoxy, Epoxy, and Unsaturated Nucleosides!-2

Sir:

We wish to report the conversion of nucleoside
2’,3’-ortho esters into the corresponding 3’-halo-3'-
deoxy-xylo ester intermediates which are versatile pre-
cursors of epoxy, deoxy, and unsaturated nucleosides.?

Usual means of access to these modified nucleosides
involve prior construction of a suitable carbohydrate
derivative followed by coupling with a blocked and/or

(1) This work was generously supported by Grant No. A5890 from
the National Research Council of Canada, Grant No. 9530-108 from
the Defense Research Board, and The University of Alberta.

(2) For the previous paper in this series see: M. J. Robins and E. M.,
Trip, Biochemistry, 12, 2179 (1973).

(3) R. Mengel and M, I. Robins, 161st National Meeting of the
American Chemical Society, Los Angeles, Calif.,, March-April, 1971,
Abstract CARB-002,

Journal of the American Chemical Society | 95:12 | June 13, 1973



NH2 " RNH ]
Z
N/
\> N | >
NN
RO 0
—
O\
\- /
c C
/\ |
HC OCH, L R N
1 2

activated base.**-% Alternatively, intramolecular cy-
clonucleoside participation which requires specific base
structure and functionality has been used.**»4® We are
interested in developing general transformations of in-
tact nucleosides which are applicable to nucleoside
antibiotics readily available by fermentation but prac-
tically inaccessible by coupling reactions.?

The elegant pioneering work of Winstein and Meer-
wein on acyloxonium ions has been reviewed recently®
along with numerous subsequent applications. Our
observation of the facile conversion of 3’,4’-O-ethoxy-
methylidenepsicofuranine to the 1/,3/,4’-O-orthofor-
mate with boron trifluoride etherate’ led us to explore
entry into acyloxonium ion mediated reactions of nu-
cleosides®3? pig 2/,3’-ortho esters.

Treatment of 2’,3’-O-methoxyethylideneadenosine®
(1, Z = N) with either boron trifluoride etherate or
antimony pentachloride in the presence of iodide gave
mixtures of 2’-0- and 3’-O-acetyladenosine even under
“anhydrous” conditions. Pyridine hydrohalide was
weakly effective in promoting the desired reaction.
Heating 1 (Z = N) at reflux with pivalic acid chloride
in pyridine for 2 hr gave a mixture from which could
be isolated 6-N-pivalamido-9-(3-chloro-3-deoxy-2-0-
acetyl-5-O-pivalyl-3-D-xylofuranosyl)purine!! [3, Z =
N; X = Cl, R = COC[CH;];; R’ = CH; (709 yield);
uv max (MeOH) 272 nm (e 17,000); nmr (CDCl;, TMS
internal) & 1.23 (s, 9, 5'-OCOC[CH;]s), 1.40 (s, 9, N¢-

(4) For comprehensive reviews, see: (a) A. M. Michelson, ‘“The
Chemistry of Nucleosides and Nucleotides,”” Academic Press, New
York, N. Y., 1963; (b) C. A. Dekker and L, Goodman in *“The Carbo-
hydrates,”” 2nd ed, Vol, IIA, W, Pigman and D. Horton, Ed., Academic
Press, New York, N. Y., 1970, Chapter 29; (c) J. A, Montgomery and
H. J. Thomas, Advan. Carbohyd. Chem., 17, 301 (1962); (d) J. J. Fox
and I. Wempen, ibid,, 14, 283 (1959); (&) M. Ikehara, Accounts Chem.
Res., 2, 47 (1969).

(5) R. J. Suhadolnik, ‘“Nucleoside Antibiotics,”” Wiley-Interscience,
New York, N. Y., 1970.

(6) C. U. Pittman, Jr.,, S. P, McManus, and J. W. Larsen, Chem.
Rev., 72, 357 (1972).

(7) J. R. McCarthy, Jr., R, K, Robins, and M. J, Robins, J. Amer,
Chem. Soc., 90, 4993 (1968).

(8) L. Goodman, Advan., Carbohyd, Chem., 22, 109 (1967).

(9) (a) S. Greenberg and J. G. Moffatt, J. Amer. Chem. Soc., 95,
4016 (1973); A. F. Russell, S. Greenberg, ann J. G. Moffatt, xbzd
95, 4025 (1973); (b) M. J. Robms, J. R. McCarthy, Jr., R. A, Jones,
andR Mengel, Can. J. Chem., 51, 1313 (1973).

(10) H.P. M, Fromageot, B. E. Griffin, C. B. Reese, and I, E. Sulston,
Tetrahedron, 23, 2315 (1967).

(11) All compounds had satisfactory elemental analyses for C, H,
N, and where appllcable Clor I. Spectral data were comparable with

the examples given or with literature and/or values determined on
known samples.
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COC[CH;)s), 2.18 (s, 3, 2'-OCOCH;), 4.48 (m, 3, Hy,
H:: 5, 465 (m, 1, Hy), 5.63 (d of d, Jooyy = 2 Hz,
Jy_y = 1.5 Hz, 1, Hy), 6.31 (d, Jy— = 2 Hz, 1, Hy),
8.41 (s, 1, Hy), 8.56 (br s, 1, N8-H-pivalyl, 8.76 (s, 1, Hy);
mass spectrum calcd for C,H;3,CIN;O, 495.1885;
found, 495.1905) and 6-N-pivalamido-9-(3-chloro-3-
deoxy-5-O-pivalyl-2-0-[4,4-dimethyl - 3 - pivalyloxypent-
2-enoyl])-B3-D-xylofuranosyl)purine!t [3, Z = N; X
= Cl; R = COC[CH;];; R’ = CH=C(OCOC-
[CH,];)C[CH;]; (117 yield); uv max (MeOH) 272 nm
(e 17,800); nmr (CDCl;, TMS internal) § 1.16 (s, 9,
CH=C(OPv)C[CH;];), 1.23 and 1.25 (s and s, 9 and 9,
5’-0COC[CH;]; and CH=C(OCOC[CH;};)C[CH:],),
1.41 (s, 9, N5-COC[CH;);), 4.47 (m, 3, Hs; Hy s50),
4.65 (m, 1, Hy), 557 (d of d, Jormyr = 2 Hz, Jor_y =
1.5 Hz, 1, Hy), 5.76 (s, 1, CH=C(OPv)(¢t-Bu)), 6.33
(d, Jr—» = 2 Hz, Hy), 8.41 (s, 1, Hg), 8.53 (br s, 1,
Nb-H-pivalyl), 8.76 (s, 1, Hy); mass spectrum calcd for
Cs2H.sCIN;0s, 663.3035; found, 663.3017]. Treatment
of 1 (Z = N) with pivalyl chloride and excess sodium
iodide for 10 min in refluxing pyridine gave 3'! (Z =
N; X = I, R = COC[CH;};; R" = CH=C(OCOC-
[CH,];)C[CH;)s; mass spectrum calcd for CyHIN;Os,
755.2391; found, 755.2424) as the major product in 607
yield with none of the 2’-O-acetyl derivative observed.
Methanolic sodium methoxide converted the various
products 3 (Z = N) into the known 2’,3’-anhydro-
adenosine'*' (4, B = adenine). This confirms the
trans 27,3’ relationship and the “down” configuration
of the oxygen function in 3 as well as providing conve-
nient access to the useful synthetic intermediate 4.
Hydrogenolysis of iodo enol ester 3 gave the corre-
sponding 3’-deoxyadenosine derivative!' (3, Z = N;
X = H; R = COC[CH;)];; R" = CH=C(OCOC-
[CH:]5)C[CH;]5; mp 92.5-93.5°; mass spectrum caled
for Cs;HyN;Os, 629.3425; found, 629.3409) with the
hindered double bond intact. A minor quantity of the
2’-deoxyadenosine derivative,!* mp 127-129°, was
isolated by fractional crystallization indicating some
attack of iodide at C,; of the “symmetrical” 1,3-di-
oxolan-2-ylium intermediate (2, R = COC[CH;];;
R’ = CH==C(OCOC[CH;];)C[CH;];). Chromatog-
raphy!® of the aqueous phase of the deblocked orig-
(12) (a) C. D. Anderson, L, Goodman, and B. R. Baker, J. Amer.
Chem. Soc., 81, 3967 (1959); (b) A. Benitez, O. P. Crews, Jr., L. Good-

man, and B, R, Baker, J. Org. Chem., 25, 1946 (1960).
(13) C. A. Dekker, J. Amer. Chem. Soc., 87, 4027 (1965).
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inal hydrogenolysis mixture gave 3’-deoxyadenosine
(cordycepin)!t14 (5, B = adenine) and 2’-deoxy-
adenosine!™1?*in aratio of 9:1.

Treatment of the above iodo enol ester 3 with 1,5-
diazabicyclo[4.3.0lnonene-5 (DBN) and other non-
saponifying bases gave the blocked (3-deoxy-3-D-gly-
cero-pent-3-enofuranosyl) heterocycle plus the corre-
sponding heterocycle-substituted furan derivative. De-
blocking gave 6,!! mp 228-230°, which was hydro-
genated to 5'%!4 plusits 4’ epimer. 110

Analogous reaction of 2’,3’-O-methoxyethylidene-
tubercidint! (1, Z = CH) gave 3'' (Z = CH; X = I;
R = COC[CH;};; R’ = CH=C(OCOC[CH;],)C-
[CH;)s; mass spectrum caled for CiHy»IN,Og, 754.-
2339; found, 754.2376). Transformations of this
material to give 4, mp 167° dec, 5,°>!! and 6,'! mp
190-192° (B = 4-aminopyrrolof2,3-dipyrimidine) pro-
ceeded similarly with the exception that no 2’-deoxy-
tubercidin was detected in the hydrogenolysis.

Isolation of intermediates involved in characterizing
the interesting acyloxonium ion diacylation mech-
anism of enol ester formation, details of various other
products formed, and applications of these useful inter-
mediates in nucleoside chemistry will be reported in

detail.

(14) W. W. Lee, A, Benitez, C. D, Anderson, L. Goodman, and
B. R. Baker, J. Amer. Chem. Soc., 83, 1906 (1961); E. A. Kaczka, E.
L. Dulaney, C. O. Gitterman, H, B. Woodruff, and K. Folkers, Biochem.
Biophys. Res, Commun., 14, 452 (1964),

(15) K. L. Nagpal and J. P. Horwitz, J. Org, Chem., 36,3743 (1971).

(16) University of Alberta Postdoctorial Fellow, 1969~1971.
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Nitrosyl Transfer Reactions
Sir:

The recent literature contains several examples of
reactions involving transfer of carbon monoxide from
one metal atom to another.! We wish to report the
first observations relating to nitrosyl transfer reactions.

Methanolic solutions of CoD,PPh;? rapidly absorb
NO to yield a mononitrosyl adduct with vxo = 1710
cm~! (CHCI; solution). The solution precipitates a
solid of composition CoNODy(MeOH),? with vno =
1639 cm-! (KBr); coordinated phosphine is not pres-
ent. The similarity of the equatorial ligands and the
NO stretching frequency of CoNODy(MeOH) to those
of Co(en),NOCI*ClO,~ * and CoNO(tet)® suggests the
Co-N-O moiety is bent in the dimethylglyoximate
complex. Proton nmr of CoNOD,(MeOH) in CDCl,
exhibits a methoxy resonance at a chemical shift identi-
cal with that of uncoordinated methanol; azeotropic
distillation of methanol from a benzene solution of

(1) J. Alexander and A. Wojcicki, Inorg. Chem., 12, 74 (1973); B.
Booth, M. Else, R. Fields, H. Goldwhite, and R. Hazeldine, J. Organo-
metal, Chem., 14, 417 (1968),

(2) G. Schrauzer and R. Windgassen, Chem. Ber., 99, 602 (1966);
D = monoanion of dimethylglyoxime.

(3) Compounds were characterized by elemental analyses and all
applicable spectroscopic methods. Compare M, Tamaki, I. Masuda,
and K. Shinra, Bull. Chem. Soc. Jap., 45, 171 (1972).

(4) D. Snyder and D. Weaver, Inorg. Chem,, 9, 2760 (1970).

(5) R, Wiest and R, Weiss, Rev. Chim, Miner., 9, 655 (1972); tet =

tetradentate ligands, e.g., N,N’-ethylenebis(acetylacetoniminate) or
N,N'-ethylenebis(benzoylacetoniminate).

CoNODy(MeOH) yields unsolvated CoNOD,. All of
the observations imply a large trans effect for NO,
consistent with previous observations on bent nitro-
syls.

CoNODy(MeOH) reacts with CoCl,L; and L (L =
PPh;) (2:1:2 molar ratio) in ethanol to yield CoClID,L
(1 mol), CoD,L (1 mol), and an equilibrium mixture’

Co(NO);L,*Cl~ <5 Co(NO).LCl + L

NaBPh, displaces this equilibrium to the left by quan-
titatively precipitating Co(NO),L,*BPh,~. The over-
all reaction (1) involves the transfer of two nitrosyl

2CoNODy«(MeOH) + CoCLL; + 2L —>
CoD;L + CoCID;L + Co(NO),L.Cl (1)

groups and a chlorine atom. Since the NO donor re-
agent is a mononitrosyl, it is natural to consider a step-
wise process. The intermediacy of a mononitrosyl
in reaction 1 is suggested by the observation that Co-
(NO)CI,L,? reacts with CONODy;(MeOH) and L (1:1:1
mol ratio) to form the dinitrosyl (2). No Ph;PO is de-

L
CoNOD; + Co(NO)Cl:L; — CoCID:L + Co(NO).L:Cl (2)

tected after these reactions, indicating the absence of
free NO. An alternative mechanism involving initia-
tion of the reaction by catalytic amounts of the halogen
acceptor? CoD; is ruled out by the observation that
neither CoD; nor CoD.L will reduce CoCl,L..

Square-pyramidal cobalt complexes with CH; or
bent NO in the apical position exhibit many similarities.
Foremost is the common ambiguity in assignment of
oxidation states: CHj(41), CH; or CHi(—1) vs.
NO(+1), NO, or NO(—1). Both groups have very
high trans eflects, sometimes allowing isolation of the
complex with the trans position unoccupied.>* Co-
CH;D; is dimeric,!! resonances of nonequivalent di-
methylglyoximate methyl groups being apparent below
—12°. The proton nmr of CoNODyMeOH) shows
only one resonance for dimethylglyoximate methyl
groups even at —90°, implying an even stronger trans
effect for bent NO than for CH;. Finally the nitrosyl
transfer reaction observed here mimics the known alkyl
transfer reactions of alkyl cobalt Schiff base com-
plexes.!2

Although simple nitrosyl transfer must occur at
some stage in reaction 1, it seems likely that the
efficacy of CoNODy(MeOH) as a nitrosyl source is re-
lated to the fact that the CoD, produced can also func-
tion as a halogen acceptor. Consistent with this idea,
we find that nitrosyl-halogen interchange appears to be
a rather general reaction. For example

CoNODy(MeOH) + NiCLL; —> L
[ Ni(NO)CIL]: + CoCID.L —> Ni(NO)CIL,

(6) C. Brock, B. Coyle, and J. Ibers, J. Chem. Soc. 4, 2146 (1971).

(7) T. Bianco, M. Rossi, and L. Uva, Inorg. Chim. Acta, 3, 443
(1969). We write here Co(NO)o(PPhs):Cl to indicate this equilibrium
mixture.

(8) J. Coliman, P. Farnham, and G. Dolcetti, J. Amer., Chem. Soc.,
93, 1788 (1971).

(9) A. Adin and J. Espenson, Inorg. Chem., 11, 686 (1972); L.
Marzilli, J. Salerno, and L. Epps, ibid., 11, 2050 (1972).

(10) G. Costa, G. Mestroni, G. Tauzher, and L. Stafani, J. Organo-
metal. Chem., 6, 181 (1966); C. Floriani, M. Poppis, and F. Calderazzo,
ibid., 12, 209 (1968).

(11) A. Herlinger and T. Brown, J. Amer. Chem. Soc., 94, 388 (1972).

(12) A.v. Bergen and B. West, Chem. Commun., 52 (1971).
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