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Rapid, base-catalyzed epimerization at C-1"!6 precluded ap-
plication of the standard formylation-diazo transfer protocol!’!*
to the preparation of diazoketone 8. However, activation of the
3’.carbon was readily achieved by heating the ketone 6 in neat
N,N-dimethylformamide dimethyl acetal at 60 °C for 15 min to
give the enamino ketone 7 in 80% yield. The observation of
NOE’s!® between H-1’ and H-4’ and H-5" and H-8 verified that
the stereochemistry at C-1” had been preserved in this unusually
facile reaction.?® In contrast, diazo transfer?!® to the enamine?!®
proved to be unusually difficult. After the enamine failed to react
with excess tosyl azide in refluxing toluene, we were delighted
to find that diazo transfer from triflyl azide?? in 1,2-dichloroethane
at 60 °C was complete in just 2 h. Application of the reaction
mixture to a column of silica gel packed in ethyl acetate/hexane
and elution with the same solvents (1:3 to 10:0) yielded the dia-
zoketone 8 as a light yellow solid. Salient spectral features of this
compound included a strong IR absorption at 2115 cm™ (C=
N*==N"), a doublet of doublets (J = 7.5 Hz, J/ = 5.0 Hz) at 5.44
ppm assigned to the 4’ hydrogen, and an (M + H)* = 494.1971
(calcd mass for C;3HpN;O,Si = 494,1972). In the key step,
irradiation of the diazoketone 8 in methanol with a 450-W, Py-
rex-filtered, Hanovia lamp for 30 min at room temperature
produced the oxetanes 9« and 98, the products of Wolff rear-
rangement.”25 Separation of the diastereomeric oxetanes from
each other and from the ketone 6 (12%)% and N®-benzoyladenine
(25%)*" was achieved by chromatography on silica gel. NOE’s
between the 2’ and 5’ and 2’ and 8 protons established that the
major diastereomer (9, 24%, [a]® —18.4° (¢ 1.58, CHCl,))
possessed the all-trans stereochemistry of oxetanocin. The absence
of these NOE’s in the minoar, all-cis diastereomer (98, 12%, [a]*p
+27.6° (¢ 1.01, CHCl,)) and the presence of an NOE between
the 8 and 5’ protons confirmed that the Wolff rearrangement had
proceeded with complete retention of configuration.® Treatment

(16) See, for instance: Kawana, M.; Takeuchi, K.; Ohba, T.; Kuzuhara,
H. Nucleic Acids Research Symposium Series No. 17 1986, 37-40.

(17) Diazo Compounds: Properties and Synthesis; Regitz, M., Maas, G.,
Eds.; Academic: Orlando, 1987.

(18) Taber, D. F.; Ruckle, R. E.; Hennessy, M. J. J. Org. Chem. 1986, 51,
4077-4078.

(19) The nuclear Overhauser effect (NOE) has been used to study the
conformation of purine nucleosides and nucleotides: (a) Schirmer, R. E,;
Davis, J. P.; Noggle, J. H.; Hart, P. A. J. Am. Chem. Soc. 1972, 94,
2561-2572. (b) Gueron, M.; Chachaty, C.; Son, T.-D. Ann. N.Y. Acad. Sci.
1973, 222, 307-323. The geometry of 7 was deduced from an NOE between
H-4’ and the CHj'’s.

(20) Compare: (a) Abdulla, R. F.; Fuhr, K. H. J. Org. Chem. 1978, 43,
4248-4250. (b) Schuda, P. F.; Ebner, C. B.; Morgan, T. M. Tetrahedron Lett.
1986, 2567-2570. (c) Conrow, R.; Portoghese, P. S. J. Org. Chem. 1986, 51,
938-940. (d) For a review of amide acetals, see: Abdulla, R. F.; Brinkmeyer,
R. S. Tetrahedron 1979, 35, 1675-1735,

(21) (a) Regitz, M. Synthesis 1972, 351-373. (b) Fusco, R.; Bianchetti,
G.; Pocar, D.; Ugo, R. Chem. Ber. 1963, 96, 802-812,

(22) A ~0.35 M solution of triflyl azide in 1,2-dichloroethane was pre-
pared by the method of Cavender and Shiner (Cavender, C. J.; Shiner, V. J.
J. Org. Chem. 1972, 37, 3567-3569). This solution (80 mL/g of 7) was
washed with aqueous NaHCO; just prior to use. Although we have not
experienced an explosion, triflyl azide should always be handled behind a
safety shield.

(23) For reviews, see: (a) Meier, H.; Zeller, K.-P. Angew. Chem., Int. Ed.
Engl. 1975, 14, 32-43. (b) Redmore, D.; Gutsche, C. D. In Advances in
Alicyclic Chemistry; Hart, H., Karabatsos, G. J., Eds.; Academic: New York,
1971; pp 125-136. (c) Baron, W. J.; Decamp, M. R.; Hendrick, M. E.; Jones,
M.; Levin, R. H.; Sohn, M. B. In Carbenes: Jones, M., Moss, R. A., Eds.;
Wiley: New York, 1973; Vol. 1, pp 117-125.

(24) Simple oxetanes have been prepared by the photochemical Wolff
rearrangement. (a) Korobitsyna, I. K.; Rodina, L. L.; Stashkova, L. M. Zh.
Obshch. Khim. 1963, 33, 3109. (b) Korobitsyna, I. K.; Rodina, L. L. Zh. Org.
Khim. 1965, 1, 932-938.

(25) For a recent mechanistic study of the Wolff rearrangement, see:
McMahon, R. J.; Chapman, O. L.; Hayes, R. A.; Hess, T. C.; Krimmer, H.
P. J. Am. Chem. Soc. 1988, 107, 71597-7606.

(26) Hydrogen abstraction from the solvent by the intermediate carbene
would regenerate the ketone 6. (a) Padway, A.; Layton, R. Tetrahedron Lett.
1965, 2167-2170.

(27) N-6-Benzoyladenine could arise from isomerization of the 2’-keto-
3’-carbene to the 3’-keto-2’-carbene via an oxirene, hydrogen abstraction,
and B-elimination.!® Subsequent elimination of tert-butyldimethylsilanol
would account for our inability to detect the resulting sugar moiety by TLC.
(a) Pfitzer, K. E.; Moffatt, J. G. J. Am. Chem. Soc. 1965, 87, 5661-5770.
(b) Cook, A. F.; Moffatt, J. G. J. Am. Chem. Soc. 1967, 89, 2697-2705.
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of the major epimer with excess NaBH, in ethanol rapidly reduced
the methyl ester and then, more slowly, effected N-debenzoylation
to give the monoprotected alcohol 10 (74%), a valuable inter-
mediate for further modification.?® Addition of 1.7 equiv of
trimethylsilyl chloride to a solution of 10 in methanol followed
by neutralization with Dowex-SBR (OH") resin released oxeta-
nocin (1) in nearly quantitative yield. The identity of the synthetic
([a]®p —41.3° (c 0.65, pyridine)) and natural ([«]?°p -44.3° (¢
0.21, pyridine))* material was established by direct comparison
(TLC, MS, 300 MHz NMR) with an authentic sample. In
particular, the chemical shifts of their ten 13C NMR (125.8 MHz)

resonances in D,O differed by less than £0.03 ppm. In summary,
(-)-oxetanocin has been synthesized in 12 steps from adenosine
in an overall yield of 5%. Application of this methodology to the
preparation of pyrimidine analogues of oxetanocin is in progress.
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The minimum energy conformation of 1,4-cyclohexadiene
(1,4-dihydrobenzene)'® has become a subject of renewed interest
because of recent research on the structure of its cis and trans
substituted and condensed ring derivatives.®

There are conflicting conclusions concerning the structure of
the parent molecule in the gas phase. One electron diffraction
study concluded that the molecule was planar or nearly planar,?
but a later study® favored a nonplanar molecule with Cy; symmetry
and a dihedral angle of 159° between the ethylene planes. The
boat conformation was apparently favored,’ although the vibration,
rotational Raman, and NMR spectra were best interpreted as
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Table I. Atomic Parameters for 1,4-Cyclohexadiene at 153 K¢

atom x y z Uy or U Uy, Uy U Uy Uy

C(1) 0.1182 (2) 0.4113 (2) 0.9059 (1) 3.57 (8) 4.04 (8) 4.07 (8) =0.05 (7) 0.21 (6) -0.83 (6)
C(2) 0.0082 (2) 0.5470 (2) 0.8626 (1) 4.17 (8) 4.55 (8) 3.39 (8) -0.43 (7) -0.21 (7) 0.13 (6)
C(3) 0.1227 (2) 0.3472 (2) 1.0485 (2) 4.02 (9) 4.43 (9) 4.86 (9) 0.77 (8) -0.46 (7) 0.21 (7)
H(1) 0.199 (2) 0.346 (2) 0.845 (1) 4.6 (4)

H(2) 0.006 (2) 0.581 (2) 0.765 (2) 5.4 (4)

H(3) 0.094 (2) 0.211 (2) 1.054 (1) 6.8 (5)

H(4) 0.253 (2) 0.352 (2) 1.079 (1) 5.4 (4)

2U; and Uin A? % 100. The temperature factors are of the following form: T(aniso) = exp(-2x4{U,,h%a*? + Uyk2b*? + UylPe*? + 2U hka*b*

+ 2Uyshla*c* + 2Uykib*c*)); T(iso) = exp(-8«2U sin? 6/)2).

|
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Figure 1. Stereoview?? of the X-ray structure of 1,4-cyclohexadiene at
153 K. Thermal ellipsoids are drawn at 50% probability.

evidence for the planar structure. An early molecular mechanics
calculation® favored an averaged structure across a shallow
boat-boat inversion potential. Two later ab initio molecular orbital
calculations predicted a planar structure with a shallow potential
in the direction of the boat distortions.!>:!6

We have determined the crystal structure of C¢Hg, mp 223 K,
at 153 K. Crystallization was at 200 K directly on the X-ray
diffractometer using a procedure described elsewhere.!” While
cooling down no phase transition was observed, though expected
to be at 193 K as a previously taken DTA suggested. Further
attempts to obtain the low-temperature phase were not successful.
The crystal structure is orthorhombic, Pbca with four molecules
in the unit cell (as for benzene!®). In the absence of disorder,
the molecular symmetry is required to be 1, which is a planar or
chair ring conformation. The diffraction data were collected at
153 K on a crystal of the supercooled high-temperature form. The
intensities of 444 unique reflections, of which 31 had |F,| < 2,
were measured with Zr-filtered Mo Ka radiation. The unit cell
dimensions at 153 K area = 7.070 (3), b = 7.169 (2),and ¢ =
9.909 (2) A. The structure was solved by using SHELXs-86,'° and
the parameters were refined by using XTAL® to disagreement
factors of R = 0.037, R, = 0.034 (w = o(F,)™") for 44 parameters.
The final difference maps showed no peaks greater than 0.15 eA~>,
The atomic parameters are given in Table I.

The carbon atom ring is planar within 0.002 A (see Figure 1).
The root-mean-square displacements of the carbon atoms per-
pendicular to the plane of the molecule, calculated from the
anisotropic thermal motion tensors, are C(3) 0.22 (3), C(1) 0.19
(3), and C(2) 0.20 (3) A. Although that of C(3) is longer than
for C(1) and C(2), the differences are not significant. There is
therefore no evidence of any disorder involving a boat, or chair,
conformation. However, it is important to remark that disorder
involving very small distortions from planarity can never be ex-
cluded by means of a crystal structure analysis at one temperature.

The C-C bond lengths and angles are compared with those
reported from the other studies in Table II. The C-H bond

(15) Birch, A. J.; Hinde, A. I.; Radom, L. J. Am. Chem. Soc. 1981, 103,
284-289.

(16) Saeke, S.; Boggs, J. E. J. Mol. Struct. 1981, 73, 137-144.

(17) Luger, P.; Buschmann, J. J. Am. Chem. Soc. 1984, 106, T118-7121.

(18) Jeffrey, G. A.; Ruble, J. R.; McMullan, R. K.; Pople, J. A. Proc. Roy.
Soc. London 1987, A414, 47-57,

(19) Sheldrick, G. M. In Crystallographic Computing, Sheldrick, G. M.,
Kriiger, C., Goddard, R., Eds.; Oxford University Press, UK, 1985; Vol. 3.

(20) Hall, S. R,; Stewart, J. M. XTAL 2.2. Users Manual; University of
Western Australia, Nedlands, WA and University of Maryland, College Park,
MD, 1987.

(21) Hehre, W. J.; Radom, L.; Schleyer, R. von; Pople, J. A. Ab Initio
Molecular Orbital Theory, Wiley & Sons: New York, 1987.

(22) Johnson, C. K. orTEP Report ORNL-3794, 2nd revision; Oak Ridge
National Laboratory; Oak Ridge, TN, 1970.

Table II. Bond Lengths and Valence Angles in 1,4-Cyclohexadiene
ab ab

this electron  electron initio  initio

work?  diffrctn®  diffretn® MOY  MO*

C(1)=C(2) 1.318 (2) 1.347(4) 1.334(2) 1.309 1.317
(1.339)

C(1)-C(3) 1.486 {E)E 1,511 (4) 1.496 (1) 1.522 1.509
C(2)-C(3) 1.486 (2)§ (1.511)

C(1)-C(3)-C(2) 113.1 (1) (111.9)
C(1)-C(2)-C(3") 1235 (1}£ 1227 (3)

C(3)-C(1)-C(2) 123.4 (1) 123.4 (6) 1204 1238

2Uncorrected for thermal motion, estimated corrections +0.005 A.'*
Distances in A, angles in deg. ®Reference 6. “Reference 3. ¢Using
GAUSSIAN with STO-3G.!® The values in parentheses are corrected
from STO-3G to MP2/6-31G* by the offset method using C-C in
C,H; and C=C in C;H,.?' ¢Using MOLECUL with (7,3) — (4,2) for
C, (4) — (2) for H.'

113.3 (3) 1123 112.4

lengths are 0.95 to 1.00 A, with H-C(3)-H = 103 (1)°.
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A long-standing problem in the study of porphyrin- and chlo-
rophyll-based donor—acceptor compounds designed to mimic
photosynthesis is the failure of most of these molecules to undergo
high quantum efficiency photoinitiated charge separation in the
solid state at very low temperatures.! The rate constants for
oxidation of the lowest excited singlet states of porphyrin donors
by acceptors decrease sharply at the freezing points of the media
in which the compounds are dissolved.! This results in a small
or negligible quantum yield of charge separation because the rate
of electron transfer cannot compete with the decay of the porphyrin
excited singlet state to ground state. This behavior contrasts
sharply with the slight increase in rate for primary electron transfer
exhibited by photosynthetic reaction centers upon cooling to 4.2

(1) (a) Harrison, R. J.; Pearce, B.; Beddard, G. S.; Cowan, J. A ; Sanders,
J. K. M. Chem. Phys. 1987, 116, 429. (b) Leland, B. A.; Joran, A. D.; Felker,
P. M.; Hopfield, J. J.; Zewail, A. H.; Dervan, P. B. J. Phys. Chem. 1985, 89,
5571.
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