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iron removal'®-2! and the strength of anion binding to transferrin
raise this question. In addition, the unusual property of positive
cooperativity exhibited in both anion binding and proton disso-
ciation by transferrin poses new questions about this important
protein. Further studies are clearly indicated to fully understand
the role that anions play in the structure of transferrin, in the
thermodynamics of iron binding, and in the mechanism of iron
removal.
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Wavelength effects in solution photochemistry can arise from
excited-state or ground-state properties.> This variant has been
studied in the photochemistry of polyenes, and it generally has
been found that wavelength-dependent photochemistry arises from
a variety of ground-state effects such as a secondary reaction of
the primary photoproduct,’ independent excitation of conforma-
tional* % and structural isomers,!! and excitation of ground-state
complexes.!>!13 However, it has been suggested that wavelength
dependencies may also result from the involvement of higher
. excited states or from the involvement of activation barriers in
a single excited state. These latter processes permit new vibrational
modes for relaxation into new minima on the excited state hy-
persurfaces. %1416
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Scheme I

Table I. Relative Quasi-photostationary State Concentrations

A, nm Pro, P, L, T,
295.0 2.0 71 4.0 23
2917.5 3.0 70 6.0 21
300.0 5.0 68 8.0 19
302.5 8.0 65 13.0 14
305.0 15.0 50 25.0 10

A detailed study using light of different wavelengths (225-400
nm) for the formation of “potential vitamin D,” found that 295-nm
light was the most effective.!” More recently, wavelength effects
upon the four components in the previtamin D; (P;) photo-
stationary state (Scheme I) have been reported for two wavelengths
(254.0 and 302.5 nm)!® and it was concluded that “it is not yet
possible to quantitatively assess the separate contributions of the
ground-state and the excited-state properties to the wavelength
effects observed”. We report results that clearly indicate that
excited-state properties are involved in the wavelength effects found
in the transformation of P; to Pro; and L;.

As an extension of an earlier investigation into the effect of
incident irradiation wavelength on the formation of previtamin
D; (P;) from 7-dehydrocholesterol (Pro;),!* a 1.15 X 104 M
solution of Pro; in anhydrous ether at 0 °C was irradiated with
a Chromatix CMX-4 coaxial flash-lamp pumped dye laser.?® In

(16) For a general discussion of this mechanistic concept, see: Michl, J.
Photochem. Photobiol. 1977, 25, 141,

(17) Kobayashi, T.; Yasamura, M. J. Nutr. Sci. Vitaminol. 1973, 19, 123.

(18) Jacobs, H. J. C.; Gielen, J. W. J.; Havinga, E. Tetrahedron Lett.
1981, 4013. The conclusion that the quantum yields for the ring-opening
reactions are wavelength independent is based upon the findings at 254 and
302.5 nm; however, the conclusion appears to be sound based upon confor-
mational concepts.

(19) Dauben, W. G.; Phillips, R. B. J. Am. Chem. Soc. 1982, 104, 355.

(20) The laser power at each wavelength was as follows: 295 nm, 3.5 mW;
297.5 nm, 4.0 mW; 300 nm, 4.0 mW; 302.5 nm, 3 mW; 305 nm, 5 mW.
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Table II. Ratio of Quantum Yields at Various Wavelengths

(P, - Pro,)/ ®P®,—~L;) P, ->T,)
A, nm ®(Pro, — P,) oL, —Py) o(T, - P,)
295.0 0.11 0.12 3.86
297.5 0.12 0.16 3.79
300.0 0.11 0.17 3.28
302.5 0.11 0.19 2.43
305.0 0.22 0.32 2.65

Table I1I. Calculated Quantum Yields

A,nm &P, —-Pro,) &P, —>L,) »(P, > T,)
254 (0.014) (0.04)¢ (0.41)¢
295.0 0.04 0.06 0.43
297.5 0.04 0.06 0.42
300.0 0.04 0.08 0.36
302.5 0.04 (0.02)° 0.09 (0.09)° 0.27 (0.29)¢
305.0 0.08 0.18 0.29

@ Experimental value; see ref 23, p 27.

view of the reported finding of 295 nm as the most effective
wavelength, our attention was focused in the 295-305 nm region.
Each irradiation was carried out to the establishment of the
quasi-photostationary state consisting of Pros, Ps, L, and T;. The
results are given in Table 1.2

The ratio of the quantum yields for the various interconversions,
after correction for the molar extinction coefficients at the various
wavelengths,?? are given in Table II. A more quantitative
evaluation, given in Table II1,%* for the actual changes in the
individual quantum yields of P; to Pro; and P; to L, can be
obtained by using the conclusion of the Leiden group!® that the
quantum yields for the ring-opening reactions, Pro; to P; and L,
to P;, do not exhibit any wavelength effects. Furthermore, the
reported quantum yields for the conversion of P; to T, at 254 and
302.5 nm,? when taken in conjunction with our experimental
determination of the quantum yield ratios, indicate that the
quantum yield for T; to P is similar at the two wavelengths, 0.10
at 254 nm and 0.12 at 302.5 nm. Following the same reasoning
used for the ring opening reactions,® it can be concluded that the
quantum yield for T; to Py is virtually wavelength independent.
The calculated quantum yields for P, to T, are given in Table III,
with an average value of 0.11 for the quantum yield for T to P;.

The dramatic changes in quantum yields for the ring-closure
reactions with the narrow wavelength range of 302.5-305.0 nm
do not seem likely to be due to a rapid change in the molar
extinction coefficients of the specific conformers of P; leading to
Pro; and L, the so-called ¢(-)Zc and ¢(+)Zc conformers.?* A
doubling of the coefficient value of both conformers within a
2.5-nm range would be required, and such seems improbable since
the molar extinction coefficient of Py, itself, is decreasing by 29%.
Thus, these results indicate that excited-state properties are in-
volved in the wavelength effects found in the photochemical ring
closure of previtamin Ds; the nature of this involvement is currently
being studied.

On the other hand, the change in the molar extinction coefficient
with wavelength of the P, conformer that is involved in the
isomerization to Tj, i.e., the tZc conformer, could readily account
for the changes in the P; to T5 quantum yield, and excited-state
properties need not be involved in this isomerization process.

Registry No. P;, 1173-13-3; Pro;, 434-16-2; L;, 5226-01-7; T,
17592-07-3.
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(22) The molar extinction coefficients at various wavelengths are reported
by Phillips (Phillips, R. B. Ph.D. Thesis, University of California, Berkeley,
CA, 1982). Errors in molar extinction coefficients were £2% of value used
in calculation.

(23) Gielen, J. W. J. Ph.D. Thesis, Leiden, Netherlands, 1981.

(24) The overall error limits in the calculated quantum yields is 12%.
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Tylosin,! a structurally complex 16-membered ring macrolide
antibiotic that is presently used therapeutically? and sold com-
mercially as its tartrate under the name Tylan? for the treatment
of chronic respiratory disease in chickens, has been the focus of
several synthetic investigations.* Efforts on the synthetic front
have recently culminated in carbohydrate-based total syntheses
of O-mycinosyltylonolide hemiacetal® and the C(14") O-tritylated
derivative of tylonolide O-methylhemiacetal.*

Our strategy for the construction of tylonolide hemiacetal (1)

centered around the use of the chiral bicyclo[2.2.1]heptenol 4,
whose carbon framework permits elaboration of the seven-carbon
C(3)-C(9) fragment 3 and the seven carbon C(11)-C(17) frag-
ment 2. We detail below the synthesis of the key intermediates
2 and 3 in optically active form and the elaboration of the 16-
membered ring of tylonolide hemiacetal.

The left-hand fragment 2 was prepared as outlined in Scheme
I. The known bicyclo[2.2.1]heptane derivative 4,5 [a]p —122.8°
(¢ 2.50, CHCl;), was benzylated and subjected to acid-catalyzed
removal of the ketal to provide in 87% overall yield ketone 5.
Baeyer-Villiger oxidation of 5§ and subsequent treatment of the
crude hydroxy acid with boron trifluoride etherate gave rise (89%)
to bicyclic lactone 6, [a]p +204.8° (¢ 7.11, CHCl;). Sequential
reduction of the lactone and the carbon—carbon double bond
afforded the corresponding diol whose primary hydroxyl was
smoothly transformed® (70% overall) to the primary selenide 7
without any complications due to the presence of the secondary
hydroxyl. The transformation of selenide 7 into cyclopentanol
8 ([a]p +47.4° (¢ 1.26, CHC;), mp 43-44 °C) was achieved in
a straightforward fashion in very high yield. Collins oxidation
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Nakagawa, A.; Furosoki, A.; Matsumoto, T. J. Antibior. 1980, 33, 915.
Omura, S.; Matsubara, H.; Nakagawa, A.; Furosoki, A.; Matsumoto, T. J.
Antibiot. 1980, 33,915. Omura, S.; Matsubara, H.; Nakagawa, A.; Furosoki,
A.; Matsumoto, T. J. Antibiot. 1980, 33, 915.

(2) McGuire, J. M.; Bonieces, W. S.; Higgins, C. E.; Hoehn, M. M_; Stark,
W. M.; Westhead, J.; Wolfe, R. N. Antibiot. Chemother. (Washington, D.C)
1961, 71, 320.

(3) Tylan is available from Elanco Products Co., a division of Eli Lilly and
Company.
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Chem. Soc. 1976, 98, 7874. (b) Nagel, A. A.; Vincent, L. A. J. Org. Chem.
1979, 44, 2050. (c) Tatsuta, K.; Amemaya, Y.; Kanemura, Y.; Kinoshita,
M. Tetrahedron Lett. 1981, 22, 3997. (d) Nicolaou, K. C.; Pavia, M. R.;
Seitz, S. P. J. Am. Chem. Soc. 1982, 104, 2027. (e) Lu, L. D.-L. Tetrahedron
Lett. 1982, 23, 1867.
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45, 2247,
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