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the labeled ester showed a broad singlet at 5.4 ppm, assigned to
2H in natural abundance at the olefinic positions (C-9 and C-10).
Thus, there were no intact ZH-13C units at C-10. Confirmation
came from the 'H-decoupled '*C NMR spectrum of the methyl
oleate, since the multiplicity of the 130 ppm C-10 signal was
unaffected by 2H decoupling. Following dilution with unlabeled
material, labeled methyl oleate was degraded!* to octanoic acid
(from C-11 through C-18 of oleic acid) and to monomethyl no-
nanedioate (from C-1 through C-9 of oleic acid, the esterified
carboxyl of the derivative corresponding to C-1 of oleic acid). The
degradation products were converted to methyl mandelate ester
derivatives (5 and 6), which were analyzed by 2H-decoupled
HETCOR spectroscopy.

Hr Hs

W\)\/=78/\/\/\/COOR
12 10 2
HE Hs

oleic acid R

-

Hs
{ 0
n-CeHy3
< O COOMe g
MeOOC O
(CH,)sCOOMe
o7y
Hs Hg
6

-

Figure 1 shows the C-2 region of the 2H-decoupled HETCOR
spectrum of labeled §. The proton of the CHD group (readily
identified by the positive DEPT signal in the 13C dimension) at
C-2 is clearly at higher field, corresponding to the pro-2S position
of 5141819 This indicates that 2ZH had been incorporated by the
B. ammoniagenes FAS into the pro-12R position of oleic acid and
therefore into the pro-R position at all even-numbered carbons
on the growing saturated chain.2! Because C-10 of methyl oleate
lacks 2H, the conversion of 3 to 4 must involve loss of the pro-4R
hydrogen.

To confirm the configuration of acetate-derived 2H at C-8 of
methyl oleate, the 2H-decoupled HETCOR spectrum of 6 was
examined. The proton cross peak of the CHD group at C-2 of
6 was found at lower field (ca. 2.45 ppm vs 2.41 ppm), indicating
that 'H and 2H are in the pro-R and pro-S positions, respectively.
Thus, 2H had been in the pro-8S position of the labeled oleic acid
and in the pro-2R position of biosynthetic intermediate 4.

From these experiments, it is clear that the B. ammoniagenes
FAS-mediated allylic rearrangement is suprafacial, suggesting
a stepwise mechanism involving a single active site acid /base.8
This reaction therefore conforms to the stereochemical (hence,
mechanistic) trends noted at the beginning of the paper. The basis
of the earlier report of antarafacial rearrangement* is the as-
signment of the configuration at C-12 of deuterated oleic acid
(from incorporation of [2H,]malonyl-CoA) opposite® to that found
in the present work.2

The configuration at C-12 of oleic acid indicates the stereo-
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chemical course of the NADPH-dependent enoyl reductase re-
action. It is now clear that the substrate is protonated at C-2 on
the si face of the double bond and that the overall stereochemical
course of the reduction must be anti.5 It is interesting that both
syn and anti reductions by FAS enoyl reductases are known.?2.26
Further studies are in progress.
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Frequent reports on the active-site properties of oxygen-carrying
hemoproteins! and synthetic models? continue. Of major interest
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Figure 1. Stereoviews of 1 (top) and 2 (bottom). Ellipsoids are drawn at the 50% probability level. Hydrogen atoms are omitted.

is CO/O, discrimination. The basis for the discrimination against
CO seen in most natural oxygen-carrying hemoproteins is thought
to be steric hindrance,® hydrogen bonding,* or porphyrin ruffling.2
Numerous “picket-fence”,’ “tailed picket-fence”,§ “strapped” 2>’
“capped”.® and “pocket”® porphyrins, among others,”® have been
synthesized in an attempt to obtain a system that sterically inhibits
CO binding by causing the Fe—~C~O bond to bend or tilt or perhaps
not form at all. Whether it is “bending” (at the C of the Fe—~C-O
bond) or “tilting” (of the linear Fe~C—-O bond) that occurs in the
hemoproteins remains a contentious point.'®!! To date, none of
the X-ray structures of model CO adducts display the distortions
reported to occur in some of the natural systems. The “pocket”
porphyrin, with a three-atom linkage to a 1,3,5-attached benzene
cap, proved too flexible'? to distort the Fe~C—-O linkage signifi-
cantly, The most compact “capped” porphyrin, namely, a
“C,-Cap” with a five-atom linkage to a 1,2,4,5-attached benzene
cap,? has a cavity large enough to accommodate the Fe-C-O
linkage without much distortion.!? Thus the synthesis of model
compounds that are less flexible, have smaller cavities, and can
bind CO or O, is crucial.
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Here we report the synthesis, crystal structures, and some
preliminary CO and O, binding studies of two new, four-atom-
linked capped porphyrins 1 and 2 whose Fe(II) chelates bind CO
and O, weakly or not at all. The pathway used to synthesize 1
and 2 is shown in Scheme I. Subsequent reduction of the iron
center to Fe(II) was accomplished by shaking a toluene solution
of either 1-FeCl or 2-FeCl with aqueous Na,S,0, under N, and
then drying with Na,SO,.

The very similar structures of 1! and 2'* are shown in Figure
1. Ineach the benzene cap is slightly off center and modestly
tilted with respect to the mean porphyrin plane, the dihedral angles
being 8° in 1 and 11° in 2. The cap atoms average 3.81 A from
the mean porphyrin plane in 1 and 3.90 A in 2. This distance

(13) Crystal data for 1.CH,COOH: triclinic, PT, a = 8.859 (3) A, b =
16.682 (7) &, ¢ = 16.706 (4) &, « = 104.01 (2)°, 8 = 91.41 (2)°, y = 92.47
(2)°,t = =115 °C; CAD4 diffractometer, Cu radiation, R(F) = 0.075 for 7718
observations and 677 variables. The crystal is 15% contaminated with 1.
Ni:CH;COOH with no apparent effect on metrical parameters. The solvent,
tentatively identified as CH,COOH, arises from the incomplete metalation
reaction.

(14) Crystal data for 2:0.5CHCI;0.8CHCI,-CH,0H: triclinic, P, a =
13.385(3) X, b=13.809 (9) A, ¢ =17.276 (5) A, « = 96.98 (4)°, 8 = 108.25
(2)°, v = 96.49 (4)°, t = -115 °C; CADA4 diffractometer, Cu radiation, R(F)
=0.11 for 6182 observations and 763 variables. The first CHCI; molecule
is ordered, as is the CH;OH molecule. The second CHCI; molecule is badly
disordered, and modeling of this disorder continues.
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is 3.96 A in H,(C,-Cap)!® (five-atom linkage) and 3.49 A in
Co(C;-Cap)¢ (a more flexible six-atom linkage). In Fe(C,-
Cap)(CO)(1-MeIm)!? this distance is 5.57 A for molecule 1 and
5.67 A in molecule 2 (where the Fe-C-O angles are 172.9 (6)°
and 175.9 (6)°, respectively). Thus, if either of the present
porphyrins as an Fe!'(base) derivative is to accommodate an
essentially linear Fe-C-O linkage, the cap must move approxi-
mately 1.8 A further away from the porphyrin plane; less
movement is required to accommodate the bent Fe—O-O linkage
or the hypothetical bent Fe-C-O linkage. Although model
building is of limited use in the prediction of structures of ela-
borated porphyrins,'© it does suggest a maximum cap-to-porphyrin
distance of about 4.7 A in the three-atom-bridged pocket porphyrin
and 6.0 A in the present four-atom-bridged porphyrins. In the
structure of Fe(PocPiv)(CO)(1,2-Me,Im) the 1,3,5-linked cap has
moved out of the way of the essentially linear Fe~C—O linkage.!°
In the present 1,2,4,5-linked systems the cap cannot move com-
pletely out of the way. It would thus appear that the present
porphyrins as their Fe'!(base) derivatives present a cavity very
near the limit to accommodate a linear Fe~C—-O linkage. Indeed,
absorbance measurements of CO and O, binding to 1-Fein 1 M
1-Melm/toluene are isosbestic and afford at 26 °C Py, values
of 100 and 280 Torr, respectively. The resultant M value of 2.8
is the lowest to be measured directly in a model compound* and
is a clear indication of pronounced steric inhibition of CO binding.
The value of 2014 cm™ for the C==0 stretch is substantially
greater than that in other model compounds in the same solvent
system'!!” or in the native proteins'"'7 and is indicative of sig-
nificantly reduced Fe back-bonding and hence of a weaker Fe~CO
bond. By contrast, 2-Fe shows no evidence of CO or O, binding.
These marked differences between 1 and 2 could arise from the
more constrained OCH,CONH linkage in 2 or possibly from a
strongly bound water molecule inside the cap'® of 2:Fe. Addi-
tionally, neither 1-Fe nor 2-Fe shows any sign of binding CO in

(15) Jameson, G. B.; Ibers, J. A. J. Am. Chem. Soc. 1980, 102, 2823-2831.

(16) Sparapany, J. W.; Crossley, M. J.; Baldwin, J. E; Ibers, J. A. J. Am.
Chem. Soc. 1988, 10, 4559-4564.

(17) Hashimoto, T.; Dyer, R. L.; Crossley, M. J.; Baldwin, J. E.; Basolo,
F. J. Am. Chem. Soc. 1982, 104, 2101-2109.

(18) In Ru(CO)(H,0)(C,-Cap) the water molecule is inside the cap. Kim,
K.; Ibers, J. A., unpublished resuits.

1 M 1,2-dimethylimidazole/toluene; of course, 1,2-Me,Im as
compared with 1-Melm as base is known to decrease CO binding
by about a factor of 40-80 in capped systems.!” Further inves-
tigations of CO and O, binding to 1-Fe and 2-Fe with more axial
bases are in progress as are attempts to obtain crystals of any CO
adducts suitable for X-ray study.
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Site-specific cross-linking of DNA is a promising tool for the
study of genetic structure and function. However, known
cross-links either are difficult to target,>® are unstable,® or disrupt
native DNA secondary structure.%® Here we report chemistry
that overcomes these difficulties by using an alkane disulfide as
the interstrand cross-link. In the present study, our previously
reported convertible nucleoside approach®'° has been extended
to the synthesis of dA-tethered oligonucleotides.!! In nucleoside
model studies,'> we observed quantitative aminolysis of O5-
phenyl-2/-deoxyinosine'? (¢dl, cf. Scheme I) to NS-alkyl-dA. ¢dI
was therefore converted to the corresponding “phosphor-
amidite” !*!5 for use in the synthesis of the decanucleotide 5*
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