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inal hydrogenolysis mixture gave 3’-deoxyadenosine
(cordycepin)!b14 (5, B = adenine) and 2’-deoxy-
adenosine!®!?2in aratio of 9:1.

Treatment of the above iodo enol ester 3 with 1,5-
diazabicyclo[4.3.0Jnonene-5S (DBN) and other non-
saponifying bases gave the blocked (3-deoxy-8-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'%1¢ plus its 4’ epimer.1h 1

Analogous reaction of 2’,3’-O-methoxyethylidene-
tubercidin!! (1, Z = CH) gave 311 (Z = CH; X = I;
R = COC[CH;};; R’ = CH=C(OCOC[CHj,];)C-
[CH;Js; mass spectrum calcd for CyHyIN,Og, 754.-
2339; found, 754.2376). Transformations of this
material to give 4,'! mp 167° dec, 5,%»!! and 6,'* mp
190-192° (B = 4-aminopyrrolo[2,3-d]pyrimidine) 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 vxo =
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+CIO,~ * and CoNO(tet)® suggests the
Co-N-O moiety is bent in the dimethylglyoximate
complex. Proton nmr of CoNODyMeOH) 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, 1. 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 CoCLL, and L (L =
PPh;) (2:1:2 molar ratio) in ethanol to yield CoCID,L
(1 mol), CoD,L (1 mol), and an equilibrium mixture’

Co(NO):L,*Cl~ X5 Co(NO):LCI + 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 —>
CODzL + COClDzL + CO(NO)szCl (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 | is suggested by the observation that Co-
(NO)CLL,? 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)CLL; —> 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 CoClLL..

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: CHy(+1), CH; or CHs(—1) uvs.
NO(+1), NO, or NO(—1). Both groups have very
high trans eftects, 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 CoNODy(MeOH) 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.!?

Although simple nitrosyl transfer must occur at
some stage in reaction 1, it seems likely that the
efficacy of CoONOD,(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

CONODz(MEOH) =+ NiClsz — L
1fo[Ni(NO)CIL], + CoCID;L —> Ni(NO)CIL,

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

(7) T. Bianco, M. Rossi, and L. Uva, Inorg. Chim. Acta, 3, 443
(1969). We write here Co(NO)2(PPh3):Cl to indicate this equilibrium
mixture.

(8) J. Collman, P. Farnham, and G. Dolcetti, J. 4mer. 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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Nitric oxide alone does not react with NiClL, to pro-
duce this nickel nitrosyl halide.!?
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X-Ray Structure of Tirandamycic Acid
p-Bromophenacyl Ester. Complete Stereochemical
Assignments of Tirandamycin and Streptolydigin
Sir:

Gross structures have been assigned earlier to the
two acyltetramic acid antibiotics tirandamycin! and
streptolydigin,? which have stimulated considerable
recent interest on account of their modes of action,
especially their inhibition of RNA polymerase.® We
report here the complete X-ray determination of the
structure of the p-bromophenacyl ester of tirandamycic
acid,! which completes the absolute stereochemical
assignment of tirandamycin as 1. We also report here
the conversion of tirandamycic acid and streptolic acid*
to a common derivative retaining the stereochemistry
of both acids, as well as additional stereochemical data
on the ydiginic acid® portion of streptolydigin; to-
gether, these results allow the complete stereochemical
assignment of streptolydigin as 2.

(1) F. A, MacKellar, M. F, Grostic, E. C. Olson, R. J. Wnuk, A. R.
Branfman, and K. L. Rinehart, Jr., J. Amer. Chem. Soc., 93, 4943
(1971).

(2) K. L. Rinehart, Jr., J. R, Beck, D. B. Borders, T. H. Kinstle, and
D. Krauss, ibid., 85, 4038 (1963),

(3) (a) F. Reusser, Infect. Immunity, 2, 77 (1970); (b) F. Reusser,
ibid., 2, 82 (1970); (c) F. Reusser, J. Bacteriol.,, 100, 1335 (1969); (d)
C. Siddhikol, J. W. Erbstoeszer, and B. Weisblum, ibid., 99, 151 (1969);
(e) D. H. Gelfand and M. Hayashi, Nature (London), 228, 1162 (1970);
(f) E. V. Sokolova, M. 1. Ovadis, Z. M. Gorelenko, and R. B. Khesin,
Biochem, Biophys. Res. Commun., 41, 870 (1970); (g) G. Cassani, R. R.
Burgess, and H. M. Goodman, Cold Spring Harbor Symp. Quant, Biol.,
35, 59 (1970); (h) G. Cassani, R. R. Burgess, H. M. Goodman, and L.
Gold, Nature (London), New Biol., 230, 197 (1971); (i) W. Bottomley,
D. Spencer, A. M. Wheeler, and P. R. Whitfeld, Arch. Biochem. Bio-
phys., 143, 269 (1971); (i) P. Herrlich and M. Schweiger, Mol. Gen.
Genet., 110, 31 (1971); (k) R. Schieif, Nature (London), 223, 1068 (1969);
() K. G. Lark, J. Mol. Biol., 64, 47 (1972); (m) W. Rueger, Biochim,
Biophys. Acta, 238,202 (1971).

(4) K. L. Rinehart, Jr., J. R. Beck, W. W, Epstein, and L. D. Spicer,
J. Amer. Chem. Soc., 85, 4035 (1963).

(5) K. L. Rinehart, Jr., and D. B, Borders, ibid., 85, 4036 (1963).
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The p-bromophenacyl ester of tirandamycic acid
(3) was prepared by reaction of the sodium salt of the
acid with p-bromophenacyl bromide, purified over
silica gel, and crystallized from ethanol: CyeHae
BrO7;%7 mp 173-183°; [«]®D +50° (¢ 1.09, CHCly).
The crystals are monoclinic, space group P2, with a =
17.603, b = 8.400, and ¢ = 8.673 A, and 8 = 90.73°.
Three-dimensional X-ray diffraction intensity data
were gathered on a computer-controlled diffractometer
using nickel-filtered Cu radiation. The data (2603
reflections) were corrected for systematic errors in-
cluding absorption.® A trial Br position was obtained
by computerized direct methods. A three-dimensional
electron density map, phased using this Br, contained
images of two superimposed molecules, as expected.
The superimposed images were sorted out by analysis
of distances and angles, and without reference to the
previously assigned stereochemistry or structure of
tirandamyecic acid. In this manner a partial trial struc-
ture (17 atoms and Br) was obtained from the initial
map. Full separation of the images required two
more electron density calculations. Atomic positions
and first isotropic, then anisotropic, thermal param-
eters refined by least squares to an agreement factor
R (=Z||F) |F||/ZF o) of 0.102 without including
anomalous dispersion. At this point, the correct
enantiomer was determined by Bijvoet’s method.?
Structure factors were calculated for both enantiomers,
and 15 reflections most affected by anomalous disper-
sion were selected for accurate measurement of I(h,k,1),
I(—hk,—D, I(—h,—k,—1), and I(h,—k0). All 15
clearly indicated the enantiomer shown in Figure 1.
Additional least-squares refinement, with anomalous
dispersion effects included, reduced R to 0.083. De-
tails of the crystallographic investigation will be pub-
lished.1®

The X-ray results agree perfectly with previous struc-
tural assignments on tirandamycic acid.! The assign-
ment of the stereochemistry of the bromo ester as that
shown in Figure 1 (6R,7R,8R9S,11R,125,13S) com-
pletes the absolute stereochemical assignment of
tirandamycin as 1.

The a-keto epoxide group of tirandamycic acid (3)
was reduced by the procedure of Wharton and Bohlen!!

(6) Elemental analyses agree with the formula given.

(7) Low-resolution mass spectra, obtained on a Varian MAT CHS
mass spectrometer by the direct inlet technique, were in agreement with
the formula cited.

(8) W.R. Busing and H. A, Levy, Acta Crystallogr., 10, 180 (1957).

(9) J. M. Bijvoet, Endeavour, 14, 71 (1955).

(10) Manuscript in preparation,

(11) P. S. Wharton and D. H. Bohlen, J. Org. Chem., 26, 3615 (1961).
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