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displacement process is quite successful when a single such group 
is present (entries 11-13). The ability to generate in a single step 
highly functionalized carbocycles amenable to further function­
al-group manipulation, such as that shown in eq 1, is one of the 
most important features of this process. 

A wide variety of 1,3-dienes undergo facile, regioselective 
carboannulation. While we have generally employed 5 equiv of 
the readily available diene, only slightly reduced yields of car-
bocycle are obtained when 2 or even 1 equiv of diene is used (Table 
I, entry 5: 5 equiv, 85%; 2 equiv, 77%; 1 equiv, 76%), but the 
reaction time is increased substantially (1 day, 6 days, and 7 days, 
respectively). Simple linear trans-dimes afford exclusively the 
trans olefinic product, but m-1,3-pentadiene affords approximately 
an 8:1 ratio of E:Z olefinic products (entry 2). 

This carboannulation process most likely proceeds by (1) re­
duction of Pd(OAc)2 to the actual catalyst Pd(O), (2) oxidative 
addition of the aryl halide to Pd(O), (3) arylpalladation of the 
1,3-diene to form a ir-allylpalladium intermediate, and (4) for­
mation of the neighboring carbanion and subsequent front- or 
backside displacement of palladium, which regenerates the Pd(O) 
catalyst. The predominant formation of the trans product from 
cis-1,3-pentadiene (entry 2) is best explained by isomerization of 
an initially formed anti 7r-allylpalladium intermediate to the more 
thermodynamically stable syn intermediate.10 The presence of 
some cis product, however, suggests that palladium displacement 
either can occur through a <r-allylpalladium intermediate or is 
sufficiently rapid to occur via the initially formed anti ir-allyl-
palladium intermediate prior to isomerization. Since all five-
membered-ring products contain exclusively cis ring fusion as 
determined by 1H NMR spectroscopy,11 they are most likely 
arising by halide displacement from the initially formed ir-al­
lylpalladium intermediate by the tethered nucleophile and sub­
sequent reductive elimination with retention, an unusual path for 
palladium displacement by stabilized carbanions.4 All six-mem-
bered-ring products contain exclusively a trans ring fusion as 
determined by 1H NMR spectroscopy,12 most likely formed by 
backside palladium displacement. 

In conclusion, the simple palladium-catalyzed arylannulation 
of 1,3-dienes by functionally substituted aryl halides utilizes readily 
available starting materials and proceeds under mild conditions 
in high yield, completely stereo- and regioselectively, to form a 
wide variety of functionally substituted carbocycles. 
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Coenzyme F430 is a nickel-containing tetrapyrrole from 
methanogenic bacteria that is utilized in the biocatalytic conversion 
of CO2 to methane.1"6 Although atomic-level structural data for 
F430 are lacking, elegant one-dimensional (ID) NMR experiments 
have led to the primary structure determination of the pentamethyl 
ester derivative (F430M), and ID nuclear Overhauser effect 
(NOE) data in combination with chemical data provided a partial 
stereochemical assignment for the F430M corphin macrocycle.7"10 

The stereochemistry of the Cl 7 carbon (Figure 1) could not be 
assigned due to severe signal overlap, and the relative stereo­
chemical assignments for Cl8 and Cl9 were assigned on the basis 
of weaker NMR and chemical data and might be considered 
tentative.8'1' The C17-C18-C19 stereochemical assignments were 
determined recently by 2D NMR to be either R,R,S (consistent 
with the original stereochemical assignments) or S,S,R {reverse 
assignment).12 We describe here the results of a new approach 
for stereochemical analysis that employs 2D NOESY back-cal­
culations for F430 model structures generated by distance ge­
ometry (DG) computations. 

DG calculations were performed with DSPACE.13"16 Covalency 
constraints dictated by the primary structures of the original and 
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Figure 1. Chart showing the relative stereochemical assignments for the C17-C18-C19 carbons in the original (A) and reverse (B) structures. Also 
shown are the experimental 100-ms NOESY spectrum obtained for native coenzyme F430 (C) and the back-calculated 100-ms NOESY spectra for 
DG structures generated with the original (top left) and reverse (bottom right) C17-C18-C19 stereochemistries (D). The cross peaks are labeled and 
assigned as follows: a, H5s; b, H3ar; c, H3as; d, H5r; e, H2as and H3 (overlap); f, H2ar; g, H20r,s; and h, H19. 

reverse models were used to generate matrices of allowed upper 
and lower interatomic distances. Constraints were included to 
enforce triangle inequality for all triplets of atoms, planarity for 
conjugated atoms, and Ni-N bond distances of 2.1 A.17~21 We 
found the NOE behavior of the C2 methyl group (Me2, Figure 
1) to be diagnostic of the C17-C18-C19 stereochemistry, and 
interproton distance bounds estimated from cross peaks associated 
with the Me2 group were included as constraints. Trial distances 
generated by selecting random distances between the upper and 
lower bounds for each element were embedded in 3-space with 
the metric matrix method.22,23 Initial coordinates of the resulting 
structures, which contained violations of the upper and lower 
boundary constraints, were refined to minimize deviation with the 
bounds matrix. Complete refinement was achieved with two 
additional algorithms, one that adds a random vector of user-
specified magnitude (0.2-0.3 A) to the coordinates of each atom 
in order to randomize the structure, followed by a simulated 
annealing refinement algorithm (for more details, see refs 14-16). 
The complete time course for nuclear relaxation was then de-
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termined for each refined structure via numerical integration of 
the Bloch equations. As described previously,14 this approach 
accurately accounts for spin diffusion. 

For the original model, low-penalty (<0.007 A2, =squared sum 
of all bounds violations) structures were obtained which, when 
subjected to NOESY back-calculations, provided theoretical 
spectra with Me2 cross peaks that accurately matched the ex­
perimental cross peaks, Figure 1. By adjustment and narrowing 
of the experimental distance constraints associated with Me2, the 
buildup of NOE cross peaks and the decay of the diagonal peak 
with increasing mixing time matched (supplementary material). 
Final distance constraints from Me2 were as follows: H19, 4.8 
A-infinite; H20s, 3.15-3.25 A; H2as, 2.95-3.05 A; H2ar, 
2.95-3.05 A; H3ar, 3.00-3.20 A; H3as, 3.00-3.20 A; H5s, 
3.00-3.20 A (r and s indicate pro-R and pro-S protons, respec­
tively). The fact that low penalties were obtained (maximum 
penalty = 0.007 A2) indicates that the structures do not contain 
significant van der Waals overlap or unusual (nonideal) bond 
lengths or bond angles. 

Low penalty (ca. 0.02 A2) DG structures could be obtained for 
reverse structures by eliminating the Me2-H19 experimental 
constraint of 4.8 A-infinity. Although these structures contained 
only moderate van der Waals and triangularity violations, the 
back-calculated spectra exhibited a moderate-to-strong Me2-to-
H19 cross peak (Figure 1) which was not observed experimentally. 
When constraints were added to push apart the H19-Me2 pair 
(4.8 A-infinity), the DG structures exhibited higher penalties 
(>0.06 A2) due to the presence of van der Waals and triangle 
violations. In particular, as the Me2-H19 distance was increased, 
the Me2 group came in close contact with the H2ar,s and H3ar,s 
protons and gave rise to bad geminal and triangle violations for 
the Me2-C2 bond. The heterocyclic nitrogen atoms and conju­
gated groups in the resulting structures were distorted significantly 
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from planarity. With these severe structural changes, the Me2 
and H19 protons remained sufficiently close to give a weak cross 
peak in the back-calculated 2D NOESY spectrum (supplementary 
material). 

We have been unable to generate a reverse F430 model that 
is simultaneously consistent with the experimental interproton 
distance constraints and has low primary covalency violations. 
Since both structures can be manipulated to be consistent with 
experimental data, we cannot unambiguously assign the stereo­
chemistry of C19. However, our data indicate that the reverse 
structure, if it exists, should contain internal strain. 
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Table I. 'H-1H Spin-Coupling Constants" in 
2-Deoxy-5-Omethyl-D-eryf/iro-pentofuranoses in 2H2O at 25 0C 

coupled nuclei 

1,2 
1,2' 
2,2' 
2,3 
2',3 
3,4 
4,5 
4,5' 
5,5' 

c-furanose 2a 

5.5 (5.4)" 
2.4(1.3) 

-14.2 
7.1 (7.5) 
3.7 (2.5) 
4.5 (3.6) 
3.2 
6.0 

-11.0 

/3-furanose 2b 

5.1 (2.7) 
4.0 (5.5) 

-14.0 
5.7 (6.7) 
6.5 (5.9) 
4.4 (4.2) 
4.1 
7.2 

-10.9 

"Coupling constants are expressed in hertz and are accurate to ±0.1 
Hz. 'Values in parentheses are corresponding couplings reported pre­
viously for 3a and 3b8 at 19 0C. 
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The biological mechanisms of 2'-deoxyribonucleic acid (DNA) 
repair in vivo are many and varied.1 For example, it is well-known 
that cytosine (C) bases in DNA undergo spontaneous deamination 
in vivo to produce uracil (U) bases, the latter being foreign to 
normal DNA structure.2 While the spontaneous conversion of 
C to U occurs infrequently (k = 2 X 10 10 s"1 for single-stranded 
DNA, k=\X 1O-12S-1 for double-stranded DNA),1 this mutation 
threatens DNA sequence integrity and thus must be corrected 
efficiently. The initial repair step involves the removal of the uracil 
base via A'-glycoside bond cleavage catalyzed by uracil-DNA 
glycosylase,3"5 producing an apyrimidinic (AP) site in the DNA 
molecule. Subsequent processing by DNA polymerase and ligase 
excises the deoxy sugar and inserts the correct C residue. 

The transient AP site is composed of 2-deoxy-a-D- and -/3-D-
ery/Aro-pentofuranosyl rings (la and lb, respectively) (Scheme 
I) linked to the DNA strand via two phosphodiester bonds. Using 
stable isotopically enriched DNA oligomers, Gerlt and co-work-

B 

S t 

Figure 1. (A) The 620-MHz 1H NMR spectrum of 2, showing spectral 
dispersion sufficient to resolve all signals arising from the ring and hy-
droxymethyl protons of both anomers. Chemical shifts in parts per 
million relative to the internal HOD signal (4.80 ppm) are as follows: 
for 2a, 5.50 (Hl) , 2.37 (H2), 1.83 (H2'), 4.17 (H3), 4.15 (H4), 3.56 
(H5), 3.44 (H5'), 3.37 (CH3); for 2b, 5.55 (Hl), 2.12 (H2), 2.09 (H2'), 
4.29 (H3), 3.94 (H4), 3.58 (H5), 3.49 (H5'), 3.34 (CH3). (B) The 
1H-1H COSY spectrum of 2 obtained at 620 MHz used to assign specific 
proton multiplets to each anomer via the off-diagonal elements. 

ers6,7 found that the anomeric distribution of 1 at an A P site 
generated in a single-stranded DNA oligomer was similar to that 
observed for 5-0-methyl-2-deoxy-D-eryr/iro-pentose (2) (Scheme 
I) in aqueous solution. Recently Raap and co-workers8 proposed 
that methyl 2-deoxy-a-D-ery?/ir0-pentofuranoside (3a) and methyl 
2-deoxy-(S-D-er>>f/i/-o-pentofuranoside (3b) are good conformational 
models of 1 in abasic DNA. A least-squares analysis'8 of 3 7 H H 
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Altona, C. Org. Magn. Reson. 1981, 15, 43. (b) VHH in 3b were found8 to 
be independent of temperature over the range -2 to 73 "C. 
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