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Table I. NMR Spectral Data of TTX, 6-epiTTX, and 11-deoxyTTX?

2345

TTX?® 6-epi-TTX® 11-deoxyTTX¢
hemilactal lactone hemilactal lactone hemilactal lactone
C H C H C H C H C H C H
2 156.6 155.9 156.5 155.8 156.4 -
4 75.1 5.50 74.8 5.50 75.1 5.55 75.1 5.55 75.0 5.49 74.8 5.51
(d 9.4) (d9.4) (d9.4) (d 8.9) (d 9.4) (d 9.6)
4a 40.7 2.35 46.5 2.35 41.8 2.01 46.9 2.13 40.5 2.37 46.2 2.37
(d9.5) d9.5) (d 9.0) (d 9.0) (d9.4) (d 9.4)
5 73.8 4.25 69.2 4.03 75.4 4.30 68.4 4,03 77.5 4.08 72.0 3.87
(brs) (d 1.6) (br s) (br s) (brs)
6 71.5 -4 72.8 77.0 69.1 -
7 79.7 4.08 82.5 4.55 82.0 4,08 85.5 4.62 83.6 391 86.8 4.35
(t 1.8) (brs) (br s) (br s) (t 1.6) (t2.0)
8 72.8 4.30 71.5 4,44 72.9 4,17 71.7 4.26 72.6 4.30 71.3 4.46
d 1.5) (br s) (brs) (brs) d 1.6) (d23)
8a 59.7 60.4 59.6 60.1 59.1 59.8
9 70.9 3.96 74.0 4.57 70.8 4.00 73.7 4.59 70.8 3.94 73.9 4.55
) ) ) ) ) (s)
10 110.8 176.1 110.7 175.8 110.6 1754
11 65.5 4.02 65.2 3.77 65.1 3.74 66.2 3.68 25.1 1.64 24.5 1.51
(d 12.6) (d 12.6) (s) (d 14.0) (s) (s)
4.04 4.01 3.69
(d 12.6) (d 12.6) (d 14.0)

213C NMR 75.5 MHz, '*CD;COOD = 22.4 ppm (GN-300); 'H NMR, CHD,COOD = 2.06 ppm. Information in parentheses denotes multiplet
and J in Hz. ®'H NMR 360 MHz (NT360) and solvent 1% CF,COOD, 4% CD,COOD/D,0. <’H NMR 300 MHz (GN-300), and solvent 4%

CD,;CO0D/D,0. ¢Unassignable carbons.

8 3.74 (CH,-11) enhanced signal intensities of H-4a (10.6%) and
H-8 (10.3%) of 4, while irradiation of CH,-11 of TTX gave no
NOE on both protons. All these data support the structural
assignment of 4.

The other analogue, 11-deoxyTTX (6), crystallized as colorless
needles from 4% HOAc [202 °C dec, [a]®p +5.37° (¢ 0.34, 0.05
N HOACc)]; the LDs, to mice was 71 ug/kg (ip); the molecular
formula by high resolution FABMS C,,H;N;0; (MH*, m/z
304.1145, found 304.1155) corresponded to a monodeoxy deriv-
ative of TTX. Proton COSY of 6 showed that the coupling
patterns, including a W-type coupling between H-4a and H-9,
are essentially the same as those of TTX (Table I), thus suggesting
their structural resemblance. Homo and heteronuclear COSY
spectra of 6 indicated that the CH,-11 signals in TTX were
replaced by a methyl signal (Table I). Comparison of '3C NMR
spectra of 6 and TTX further supported reduction at C-11. A
signal assignable to C-6 was shifted upfield, and those of C-5 and
C-7 were shifted downfield, while other signals of 6 agreed with
those of TTX within 0.6 ppm (Table I). Me-11 was assigned
equatorial conformation because no NOE was observed between
H-4a and Me-11. These data establish the structure of the new
analogue as 11-deoxyTTX, 6. The spectral data indicated that
6 also exists as hemilactal-lactone tautomers (7:3). Two analogues
derivable from 6 with acid were also isolated from the newts and
identified as 4-epi-11-deoxyTTX (7)® and 4,9-anhydro-11-
deoxyTTX (8).°

Biosynthesis of TTX supposedly involves arginine and a C5 unit
derived from either amino acids, isoprenoids, shikimates, or
branched sugars.'® The occurrence of 6-epi and 11-deoxy ana-
logues renders branched sugars unlikely precursors, and the
shikimate pathway does not seem plausible because it rarely yields
1,2,4-trialkylcyclohexanes. An isoprenoid unit is favored because
it possesses both an sp? carbon oxidizable to either TTX or 6-

(8) 11-deoxy-4-epiTTX (7); SIMS (Hitachi M-80) MH* m/z 304; 'H
NMR of a hemilactal form 8 5.13 (H-4,d, J,4, = 4.9 Hz), 2.87 (H-4a d, J4,_,
= 5.0 Hz), 4.13 (H-5, d, Js.; = 1.5 Hz), 3.91 (H-7, t, J;7.5, J;.3 = 1.5 Hz),
4.29 (H-8, d, J;.; = 1.5 Hz), 3.96 (H-9, 5), 1.64 (Me-11, s).

(9) 4.9-anhydro-11-deoxyTTX (8): SIMS (Hitachi M-80) NH* m/z 286,
'H NMR of a hemilactal form & 5.51 (H-4, s), 2.95 (H-4a, d, J4,.s = 3.0 Hz),
4.15 (H-5, dd, J5_, = 3.0 Hz, J5.; = 2.0 Hz), 401 (H-7, t, Jos, J5.5 = 2.0
Hz), 4.63 (H-8, d, J3.; = 2.0 Hz), 4.56 (H-9, 5), 1.6] (Me-11, s). The signals
of &, 7, and 8 were assigned by 'H-'H COSY measured with a GN-300
spectrometer by using 4% CD;COOD in D,O as the solvent.

(10) (a) Chevolot, L. In Marine Natural Products; Scheuer. P. J., Ed.;
New York, 1981; pp 53-91. (b) Shimizu, Y.; Kobayashi, M. Chem. Pharm.
Bull. 1983, 31, 3625-3631.
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epiTTX and a methyl that remains in 11-deoxyTTX. The ana-
logues will also be important for structure-activity relationships
because chemical transformations of TTX are difficuit.
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The importance of redox active, binuclear iron centers in
proteins is well established.! In an attempt to probe these centers,
several crystallographically characterized synthetic analogues of
the binuclear iron center in methemerythrin and ribonucleotide
reductase have been reported, demonstrating the thermodynamic
stability of the (u-oxo)bis(u-carboxylato)diiron(III) unit,2*
Analogues of mixed valence sites in semimethemerythrin and
reduced purple acid phosphatases have also been reported, but
none are structurally characterized.>” In addition, only one model

(1) (a) Wilkins, P. C.; Wilkins, R. G. Coord. Chem. Rev. 1987, 79,
195-214. (b) Reichard, P.; Ehrenberg, A. Science (Washington, D.C.) 1983,
221, 514-519. (c) Antanaitis, B. C.; Aisen, P. Adv. Inorg. Biochem. 1983,
5,111-136.

(2) Armstrong, W. H.; Spool, A.; Papaefthymiou, G. C.; Frankel, R. B;
Lippard, S. J. J. Am. Chem. Soc. 1984, 106, 3653-3667.

(3) Wieghardt, K.; Pohl, K.; Gebert, W. Angew. Chem., Intl. Ed. Engl.
1983, 22, 727-728.

(4) Toftlund, H.; Murray, K. S.; Zwack, P. R,; Taylor, L. F.; Anderson,
O. P. J. Chem. Soc., Chem. Commun. 1986, 191-193.

(5) Suzuki, M.; Murata, S.; Uehara, A.; Kida, S. Chem. Lett., Chem. Soc.
Jpn. 1987, 281-284,

(6) Borovik, A. S.; Murch, B. P.; Que, L., Jr.; Papaefthymiou, V.; Miinck,
E. J. Am. Chem. Soc. 1987, 109, 7190-7191.

(7) Hartman, J. R;; Rardin, R. L.; Chaudhuri, P.; Pohl, K.; Wieghardt,
K.; Nuber, B.; Weiss, I.; Papaefthymiou, G. C.; Frankel, R. B.; Lippard, S.
I. J. Am. Chem. Soc. 1987, 109, 7387-7396.
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Table I. Comparison of the Structural Parameters of
[Fe''"Fe"BPMP(OPr),]** (1) and [Fe'"Fe"BPMP(OPr),]* (2)

bond length (A)

or angle (deg) 1 2

Fel-O1 2.090 (2) 2.062 (1)
Fel-02 2.029 (2) 2.035 (2)
Fel-03 2.145 (3) 2.150 (2)
Fel-N1 2.195 (3) 2.259 (2)
Fel-N2 2186 (3) 2:232 (2)
Fel-N3 2.141 (3) 2.165 (2)
Fe2-01 1.943 (2) 2.052 (1)
Fe2-04 1.945 (2) 2.045 (2)
Fe2-05 1.983 (2) 2.138 (2)
Fe2-N4 2.185 (3) 2.250 (2)
Fe2-N5 2.155 (3) 2.241 (2)
Fe2-Né 2.128 (3) 2.178 (2)
Fel-Fe2 3.365 (1) 3.348 (2)
Fel-0O1-Fe2 113.1 (1) 108.93 (6)

for the Fe'"Fe'l site in deoxyhemerythrin has been crystallized and
structurally determined.®® We have approached the synthesis
of such analogues by using a binucleating ligand strategy, a method
that has been successful in mimicking the active site properties
of binuclear copper proteins.®!'  Reported herein is the first
example of a structurally characterized triply bridged Fe!'Fe'!!
complex, [Fe!'Fe"BPMP(OPr),](BPh,), 1,'? the structure of the
corresponding Fe'Fe!" complex 2, and their physical properties.

Complex 1 was obtained by treating a methanolic solution of
HBPMP'" with 2 equiv of Fe(NO;):*9H,0 and 3 equiv of sodium
propionate. Reduction of one Fe(II1) center occurs spontaneously
presumably by oxidation of the solvent. Metathesis with NaBPh,
and recrystallization by vapor diffusion of methanol into an acetone
solution of 1 yielded dark crystals.'"* Complex 2 was prepared
by a similar procedure except that the reaction was performed
under a dinitrogen atmosphere and Fe(BF,),-6H,0 was used as
the iron precursor. Recrystallization by vapor diffusion of acetone
into a dichloromethane solution of 2 under N, yielded orange
crystals."?

Complexes 1 and 2 have been characterized crystallographically,
and their important structural parameters are compared in Table
1.'%17 The overall structures of 1 and 2 are similar (shown in
Figure 1 for 1), with both complexes containing the increasingly

(8) Chaudhuri, P.; Wieghardt, K.; Nuber, B.; Weiss, J. Angew. Chem., Int.
Ed. Engl. 1985, 24, 778-779.

(9) Sorrell, T. N.; O’Connor, C. J.; Anderson, O. P.; Reibenspies, J. J. Am.
Chem. Soc. 1985, 107, 4199-4206.

(10) Karlin, K. D.; Gultneh, Y. J. Chem. Ed. 1985, 62, 983-989.

(11) McKee, V.; Zvagulis, M.; Dadgegian, J. V.; Patch, M. C.; Reed, C.
A J. Am. Chem. Soc. 1984, 106, 4765-4772.

(12) Abbreviations: HBPMP, 2.6-bis[bis(2-pyridylmethyl)amino-
methyl)]-4-methylphenol; OPr, propionate; HBpz;, hydrotris(pyrazolyl)borate;
OAc, acetate; Me,; TACN, 1.4,7-trimethyl-1,4,7-triazacyclononane; SCE,
standard calomel electrode; TBABF ,, tetrabutylammonium tetrafluoroborate;
HXTA, N N“(2-hydroxy-5-methyl-1,3-xylylene)bis( N-carboxymethylglycine).

(13) Suzuki, M.; Kanatomi, H.; Murase, 1. Chem. Lett., Chem. Soc. Jpn.
1981, 1745-1748.

(14) Elemental Anal. Caled for [Fe,BPMP(OPr);](BPh,);-CH;COCH;
(1), CHyeB,Fe;NOy: C,72.83; H, 6.06; N, 5.66. Found: C,72.67; H, 5.93;
N, 5.83.

(15) Elemental Anal. Calcd for [Fe,BPMP(OPr),](BPh,)-0.8CH,Cl, (2),
Cys sHgs 4BoCl, [FeaN,Og: C, 65.22; H, 5.55; N, 7.15. Found: C,65.18; H,
560, N, 6.88. A 'H NMR spectrum of 2 confirms the presence of the CH,Cl,
solvent of crystallization.

(16) {FezBPMP(OPr)I][BPhﬂ;-CH;COCH; (1) crystallized in the space
iwup P1 with the following cell constants: a = 13.489 (9) A, b = 13.514 (6)

Lc=25258 (15) A, @ = 77.23 (4)°, § = 77.89 (5)°, v = 61.43 (4)°, Z =
2, ¥V = 39142 A* With the use of 9531 of 13728 reflections, for which
I{obsd) > a(), collected at 182 K with Mo Ka (A = 0.71073 A) radiation
out to 28 = 50° on an Enraf-Nonius CAD4 X-ray diffractometer, the structure
was solved by the Patterson method and refined anisotropically to R = 0.051
and R, = 0.063.

(17) [Fe;BPMP(OPr),](BPh,)-0.8CH,Cl; (2) crystallized in the space

foup P1 with the following cell constants: a = 12.607 (6) A, b= 15113 (13)

, = 16601 ‘kﬁ] A, a=81.42(6)° 8 =8888 (4)°, v = 6789 (5)°, 2=
2, V=2879.4 A’ From 11192 reflections (of 13865 where lobsd) > a()
collected at 175 K, the structure was solved by the Patterson method and
refined anisotropically to R = 0.058 and R, = 0.074.

Communications to the Editor

Figure 1. Plot of the structure of [Fe''Fe"BPMP{OPr),]**, showing 50%
probability ellipsoids. The hydrogen atoms are omitted for clarity.

familiar (u-phenoxo)bis(u-dicarboxylato)diiron core. The X-ray
structure analysis of 1 is indicative of a mixed valence complex.
It shows significant differences in the Fe-O bond lengths for the
two Fe centers, with average Fe-O values of 1.957 (2) A for
Fe(111)-0 and 2.088 (2) A for Fe(I11)-O. For comparison, the
average Fe(I11)-O bond length found in [(HBpz;Fe),OH(OAc),]*
is 1.970 A,'® while the average Fe(I1)-O bond lengths observed
for [Fey(OH)(OAc),(Me;TACN),]* and [Cr'MFe!'(OH)-
(OAc),(Me;TACN),]2* are 2.083 (5) A® and 2.064 (6) A"
respectively. The Fe-Fe distance for 1is 3.365 (1) A, which is
comparable to the 3.44-A distance found in semimethemerythrin
azide by EXAFS.2

In 2, the iron-ligand bond lengths for both metal ion centers
are now similar to those found for the Fe(Il) site in 1 and
[Fe;,(OH)(OAc),(Me; TACN),]*. The increased bond lengths
at Fe2 in 2 causes a decrease in the Fel-O1-Fe2 angle relative
to 1 (108.93 (6)° versus 113.1 (1)°) and a slight shortening of
the Fe—Fe distance to 3.348 (2) A. This Fe-Fe distance is similar
to that found for [Fe,(OH)(OAc),(Me; TACN),]* (3.32 (1) A).°
and is consistent with the distance deduced for deoxyhemerythrin
by X-ray diffraction measurements.”’

The physical properties of the complexes corroborate the
crystallographic results. The two complexes display electro-
chemistry expected for a redox pair, with nearly identical cyclic
voltammograms. Two reversible one-electron waves are observed
at 690 and 10 mV wversus SCE which correspond to
FellFe"'/Fe!'Fe!'' and Fe!'Fe!"' /Fe!'Fe! couples, respectively.?”
Complex 1 exhibits an electronic spectrum in CH,CN with fea-
tures at 385 (sh, € 2200 M ecm ™), 554 (¢ 950 M' em ™), and
1340 nm (e 280 M ' cm '), the latter being assigned to an in-
tervalence charge transfer band, while the spectrum of 2 contains
only one band at 441 nm (e 2500 M ' ¢m ') with no prominent
features in the near-IR region. The Maossbauer spectrum of 1
at 55 K is consistent with the mixed valence formulation, revealing
two quadrupole doublets of equal intensity having 6 values of 0.48

(18) Armstrong, W. H.; Lippard, S. J. J. Am. Chem. Soc. 1984, 106,
4632-4633.

(19) Chaudhuri, P.; Winter, M.; Kiippers, H.; Wieghardt, K.; Nuber, B;
Weiss, 1. Inorg. Chem. 1987, 26, 3302-3310.

(20) Scarrow, R. C.; Maroney, M, 1.; Palmer, S, M_; Que, L., Jr.; Roe,
A. L.; Salowe, S. P; Stubbe, J. J. Am. Chem. Soc. 1987, 109, T857-7864.

(21) While the X-ray diffraction results are too low a resolution to give
accurate Fe-Fe distances, difference electron density maps suggest that the
distance is larger than the 3.21 A value found in methemerythrin: Stenkamp,
R. E.; Sieker, L. C.; Jensen, L. H.; McCallum, J. D.; Sanders-Loehr, J. Proc.
Natl. Acad. Sei. US.A. 1985, 82, 713-716.

(22) E” for the ferricinium/ferrocene couple was found to be +422 mV
versus SCE under the experimental conditions employed (Pt working electrode,
0.1 M TBABF, in CH,CN using a BAS100 Electrochemical Analyzer).



J. Am. Chem. Soc. 1988, 110, 2347-2349 2347

and 1.13 mm/s and AEq values of 0.50 and 2.69 mm/s, respec-
tively. In addition, the Mdssbauer spectrum of 2 shows only one
quadrupole doublet (8, 1.20 mm/s; AEq, 2.72 mm/s) associated
with the high spin ferrous centers, The magnetic moments of 1
and 2 at 200 K are 6.62 and 6.88 uB/complex, respectively.
Complex 1 does not exhibit any EPR features at g < 2, a result
that is similar to that found for the previously reported mixed-
valence complex, [Fe,HXTA(OAc),]> ° and the reduced uter-
oferrin-phosphate complex.?>  Complex 2, on the other hand,
exhibits a broad EPR signal at low field with maximum amplitude
at 500 G.2* This is reminiscent of the signal found for deoxy-
hemerythrin azide, which is proposed to arise from a AM, = 8
transition.?* Detailed magnetic and spectroscopic studies of these
complexes are in progress.

In summary, 1 and 2 represent the first structurally charac-
terized Fe'lFe'! and Fe'"Fe® redox pair that contain the biologically
important triply bridged diiron core. The two complexes have
significant differences in their structural and physical properties.
Furthermore, the dependence of the physical properties on the
bridging and terminal ligands in these complexes should provide
important insights into the magnetic and electronic interactions
of such binuclear iron centers in biology.
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(23) Pyrz, J. W,; Sage, J. T.; Debrunner, P. G.; Que, L., Ir. J. Biol. Chem.
1986, 216, 11015-11020.

(24) Experimental conditions: concentration, 1.3 X 1073 M; temperature,
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The bleomycins (BLMs) are antitumor antibiotics that are

thought to act via metal ion and oxygen-dependent oxidative
damage to DNA.23 At least for Fe-BLM, available evidence

(1) (a) University of Virginia. (b) University of Nebraska. (c) State
University of Leiden.

(2) (a) Hecht, S. M. In Bleomycin: Chemical, Biological and Biological
Aspects; Hecht, S. M., Ed.; Springer-Verlag: New York, 1979; p Iff. (b)
Umezawa, H. In Medicinal Chemistry Series: Anticancer Agents Based on
Natural Product Models, Cassady, J. M., Douros, J. D., Eds.; Academic
Press: New York, 1980; Vol. XVI, p 148ff. (c) Povirk, L. F. In Molecular
Aspects of Anti-Cancer Drug Action; Neidle, S., Waring, M. 1., Eds.; Mac-
millian: London, 1983; p 157ff.
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Chart I°

M\
, . HaN  NH2
o W N\ /

: / \
*C1G,C,T.T:T,A;A;A,GGi,

3'G22 C21G20 A19 A18A17T16 T15 T14 C13C 12
N

¢ Fe-BLM-mediated strand scission of a platinated (!) and nonplati-
nated (*) DNA oligomer. The extent of cleavage at individual posi-
tions was proportional to the length of the arrows shown. The extent of
DNA cleavage was determined by HPLC analysis and quantification
of individual products (Table I and ref 15). In order to identify the
site(s) of enhanced Fe(II)BLM modification in the platinated oligo-
nucleotide, each of the strands in the duplex was separately 5/-32P end
labeled and annealed to its complementary unlabeled strand. The four
duplexes (platinated and unplatinated, with the individual strands 32P-
end labeled) were subjected to Fe(II)»BLM A, digestion, and the rela-
tive extents of cleavage at individual positions were determined by
densitometry of polyacrylamide gels (Table 11).2 The HPLC and se-
quence analysis data were found to correlate well.

suggests that degradation involves oxygenation of the deoxyribose
moiety at C-4’H.* Bleomycin-mediated DNA degradation occurs
with considerable selectivity for the pyrimidines in a subset of all
S-GT-¥ and 5-GC-3  sequences.>® Interestingly, the extent of
cleavage at preferred sites differed among individual bleomycin
congeners,* including some having a different spectrum of activity

(3) (a) Ishida, R.; Takahashi, T. Biochem. Biophys. Res. Commun. 1975,
66,1432, (b) Sausville, E. A.; Peisach, J.; Horwitz, S. B. Biochemistry 1978,
17,2740. (c) Oppenheimer, N. J.; Rodriguez, L. O.; Hecht, S. M. Proc. Natl.
Acad. Sci. US.A. 1979, 76, 5616. (d) Oppenheimer, N. J.; Chang, C;
Rodriguez, L. O.; Hecht, S. M. J. Biol. Chem. 1981, 256, 1514. (e) Chang,
C.-H.; Meares, C. F. Biochemistry 1984, 23, 2268. (f) Ehrenfeld, G. M.;
Murugesan, N.; Hecht, S. M. Inorg. Chem. 1984, 23, 1496. (g) Burger, R.
M.; Freedman, J. H.; Horwitz, S. B.; Peisach, J. Inorg. Chem. 1984, 23, 2215.
(h) Suzuki, T.; Kuwahara, I.; Goto, M.; Sugiura, Y. Biochim. Biophys. Acta
1985, 824, 330. (i) Kuwahara, J.; Suzuki, T.; Sugiura, Y. Biochem. Biophys.
Res. Commun. 1988, 129, 368. (j) Ehrenfeld, G. M.; Shipley, J. B.; Heim-
brook, D. C.; Sugiyama, H.; Long, E. C.; van Boom, J. H.; van der Marel,
G. A.; Oppenheimer, N. I.; Hecht, S. M. Biochemistry 1987, 26, 931.

(4) (a) Burger, R. M.; Berkowitz, A. R.; Peisach, J.; Horwitz, S. B. J. Biol.
Chem. 1980, 255, 11832, (b) Giloni, L; Takeshita, M.; Johnson, F.; Iden, C.;
Grollman, A. P. J. Biol. Chem. 1981, 256, 8608. (c) Wu, J. C.; Kozarich,
J. W.; Stubbe, J. J. Biol. Chem. 1983, 258, 4694. (d) Uesugi, S.; Shida, T.;
Ikehara, M.; Kobayashi, Y.; Kyogoku, Y. Nucleic Acids Res. 1984, 12, 1581.
(e) Murugesan, N.; Xu, C.; Ehrenfeld, G. M.; Sugiyama, H.; Kilkuskie, R.
E.; Rodriguez, L. O.; Chang, L.-H.; Hecht, S. M. Biochemistry 1985, 24,
5735. (f) Sugiyama, H.; Xu, C.; Murugesan, N.; Hecht, S. M. J. Am. Chem.
Soc. 1985, /07, 4104. (g) Rabow, L.; Stubbe, J.; Kozarich, J. W.; Gerlt, J.
A.J. Am. Chem. Soc. 1986, 108, 7310. (h) Sugiyama, H.; Xu, C.; Muru-
gesan, N.; Hecht, S. M,; van der Marel, G. A; van Boom, J. H. Biochemistry
1988, 27, 58.

(5) (a) D’Andrea, A. D.; Haseltine, W. A. Proc. Natl. Acad. Sci. U.S.A.
1978, 75, 3608, (b) Takeshita, M.; Grollman, A.; Ohtsubo, E.; Ohtsubo, H.
Ibid. 1978, 75, 5983. (c) Mirabelli, C. K.; Ting, A.; Huang, C.-H.; Mong,
S.; Crooke, S. T. Cancer Res. 1982, 42, 2779.

(6) (a) Lloyd, R. S.; Haidle, C. W.; Robberson, D. L. Biochemistry 1978,
17,1890. (b) Lloyd, R. S.; Haidle, C. W.; Hewitt, R. R. Cancer Res. 1978,
38, 3191. (¢) Lloyd, R. S.; Haidle, C. W.; Robberson, D. L. Gene 1979, 7,
289. (d) Lloyd, R. S.; Haidle, C. W.; Robberson, D. L. Gene 1979, 7, 303.
(e) Huang, C.-H.; Mirabelli, C. K.; Jan, Y.; Crooke, S. T. Biochemistry 1981,
20, 233. (f) Mirabelli, C. K; Ting, A.; Huang, C.-H.; Mong, S.; Crooke, S.
T. Cancer Res. 1982, 42, 2779.

(7) (a) Mirabelli, C.; Mong, S.; Huang, C.-H.; Crooke, S. T. Biochem.
Biophys. Res. Commun. 1979, 91, 871. (b) Mirabelli, C. K.; Huang, C.-H.;
Crooke, S. T. Cancer Res. 1980, 40, 4173. (c) Takeshita, M.; Kappen, L. S.;
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