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Two of eight antibodies were found to catalyze the reduction of
a-keto amide 1 to the a-hydroxy amide 2. One antibody, AS,
was examined in greater detail.

The antibody-catalyzed, NaBH;CN-dependent reduction dis-
played a pH optimum at acidic pH; consequently, all kinetic
parameters were measured in the presence of 13 uM antibody at
22 °C in 50 mM NaCl, 50 mM MES buffer, pH 5.0."* The
antibody-catalyzed reaction could be described by the following
kinetic scheme:

k
—2 . 1g+P

_Ku,
Ig+S Ig-S NaBH,CN

where S is a-keto amide substrate 1, Ig is antibody AS, Ky, is the
Michealis constant for 1, and K, is the &, (catalytic constant)
observed at a particular fixed concentration of NaBH;CN. A
Lineweaver-Burk analysis of the steady-state kinetic data at 1
mM NaBH;CN afforded a k., of 0.104 min™ and a Ky(1) of
1.24 mM. The pseudo-first-order rate constant for the uncatalyzed
reaction (k) at | mM NaBH,CN in the same buffer was found
to be 3.6 X 10* min~!. The antibody-catalyzed reaction was
inhibited by 4-nitrophenyl methyl phosphate: the K; was de-
termined from fluorescence quenching experiments to be 0.61 uM.
Greater than 25 turnovers were measured with no apparent change
in V., suggesting that NaBH;CN does not inactivate the an-
tibody at a significant rate.

The diastereomeric excess of the reaction was determined by
extraction of product into methylene chloride followed by ace-
tylation with acetic anhydride/pyridine/DMAP and subsequent
analysis using capillary gas chromatography.’® Product stereo-
chemistry was assigned by comparison to authentic products.!’?
Controls demonstrated that the diastereomeric composition of
products 2R and 28 was stable to the workup and assay conditions.
The uncatalyzed reaction afforded a-hydroxy amide 2R with a
diastereomeric excess of 56%. In contrast, the antibody-catalyzed
reaction afforded the product 28 with a diastereomeric excess
greater than 99% (opposite the stereospecificity of the uncatalyzed
reaction), indicating that the antibody combining site discriminates
the enantiomeric transition states for carbonyl reduction with high
selectivity. Further screening is likely to provide antibodies with
a broad array of selectivities including specificity for the product
2R.

Future experiments will explore antibody-catalyzed, metal
hydride dependent carbonyl and imine reductions; regiospecificity;
substructure selectivity; and improvements in hapten design (in-
cluding the use of sulfoxides, phosphinates, and phosphonate
diesters). In addition, the use of other powerful synthetic reagents
in conjunction with antibody catalysis is being explored.

(13) Westerberg, D. A.; Carney, P. L.; Rogers, P. E.; Kline, S. J.; Johnson,
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solved in CH;CN and acetylated with acetic anhydride, pyridine, and DMAP.
The aceylated products were purified by reverse-phase HPLC (Rainin Dy-
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Evidence for RNA triple helices formed from two pyrimidine
strands and one purine strand was first reported in 1957.!
Subsequently evidence for formation of other RNA and DNA
triple helices from polynucleotides was reported by several lab-
oratories.? The generally accepted base pairing in these structures
was a Watson—Crick duplex formed from one purine and one
pyrimidine strand, with the second pyrimidine strand Hoogsteen
base paired to the purine strand. Based on fiber diffraction studies
of poly(U)-poly(A)-poly(U)’ and poly(dT)-poly(dA)-poly(dT),*
Arnott and co-workers concluded that the DNA triplex formed
a structure similar to the RNA triplex; that is, an A’ helix with
12 base triplets per turn, an axial rise per residue of 3.26 A, base
tilts of 7-9°, and C3’-endo sugar puckers in all three strands.*
This model for the structure of DNA triplexes has been widely
accepted in the literature.® Although the rise per residue and
the helical twist can be accurately determined from fiber dif-
fraction data, it should be noted that the sugar conformation
cannot be obtained from fiber diffraction due to the low resolution
of the data, and the C3’-endo sugar pucker in the triplex model
was based on an assumption.* In addition, the rise per residue
and base tilts are closer to those of B DNA than to those of A’
DNA.S 1In our recent two-dimensional NMR studies on DNA
triplexes formed from d(TC), and d(GA),, we confirmed the
proposed base-pairing schemes but presented evidence based on
NOE intensities that the purine strand did not have N-type (near
C3'-endo) sugar puckers.” A more reliable estimation of the sugar
conformations can only be obtained from analysis of the fine
structure of COSY? cross peaks.” Here we present an analysis
of the cross-peak patterns and coupling constants from the
phase-sensitive COSY spectrum of a 31-base intramolecular DNA
triplex (HD31). Accurate coupling constants were obtained using
our new program CHEOPS (coupling constants from high-resolution
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Table I. Coupling Constants for the Sugar Protons on the Nucleotides Involved in Base Triplets in HD31 Derived from the H1’-H2’ and

H1’-H2"” Cross Peaks Using CHEOPS

Jis Jyan Jas corr® % S? Py Py
Al - - - - -
G2 - - - - -
A3 10.1 4.9 -13.1 0.941 94 146
G4 10.5 2.5 -11.6 0.966 1004 152
A5 10.0 4.1 -13.1 0.946 86 146
G6 10.6 3.5 -14.0 0.964 100¢ 137
A7 7.4 6.2 -14.8 0.972 83 121
A8 8.3 4.2 -14.0 0.928 74 138 -28
T13 8.5 5.8 -14.1 0.939 71 154 5
T14 8.4 5.5 -15.2 0.952 79 124
C15 7.1 5.0 -14.7 0.934 71 131 -13
T16 9.4 6.1 -13.7 0.927 96 179
C17 5.5 7.7 -16.6 0.941 524 150 42
T18 7.0 7.2 -15.5 0.940 734 136 17
Cl19 6.5 5.4 -15.4 0.945 59 146 -48
T20 7.9 4.6 -13.9 0.920 76 146
T24¢ 9.0 5.3 -13.4 0.944 84 149
C25 5.0 6.1 -15.9 0.939 694 127 -6
T26 8.3 6.0 -15.2 0.941 74 148 14
C27 48 6.1 -15.0 0.940 4] 128 -23
T28 9.4 4.6 -14.2 0.946 87 145
C29 49 6.4 -15.6 0.944 47 182 -29
T30 8.0 5.7 -15.9 0.932 80 139 3
T3l 7.3 7.1 -15.8 0.934 564 149 71

2Correlation coefficient. ?Percent S-type sugar conformation calculated as described.!® ¢Pseudorotation angle calculated for S-type and N-type
sugars.!®* 4RMS difference between CHEOPS coupling constants and PSEUROT coupling constants >1, due either to unusually low Jy. couplings
(caused perhaps by abnormal relaxation effects) or to the lesser accuracy in the determination of Jyy and J,-y couplings. ¢T24 is not base paired.

Scheme I
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NMR experiments by optimized parameter simulation), which
simulates selected regions of the COSY spectrum by automatically
iteratively varying coupling constants, line widths, and chemical
shifts to maximize the fit between measured and simulated spectra.
The results show that although both N-type (near C3’-endo) and
S-type (near C2’-endo) sugar puckers® are present, the majority
of sugars in this molecule are predominantly S-type.

The 31-base DNA oligonucleotide (HD31) folds to form an
intramolecular triplex as shown in Scheme I (plus sign indicates
protonated C at N;), similar to those we have reported elsewhere.!
A visual examination of the H1’-H2’,H2” region of the P.COSY!!
spectrum of this molecule immediately revealed that the majority
of the sugars do not show the cross peak patterns expected for
N-type sugars. For N-type sugars, large couplings are expected
for H1’-H2"” and small couplings for H1’-H2’, while the reverse
should be true for S-type sugars.’? The quantitative determination
of the coupling constants was performed by simulation of the
H1’-H2/,H2" cross peaks from the P.COSY spectrum of the
triplex. To avoid the time-consuming and possibly biased manual
comparison of experimental and simulated cross-peak patterns,
a fully automated procedure similar to but more practical than
the method of Madi and Ernst!® was developed. This program
(cHeops) performs spectral simulations using the SPHINX
software!* and employs Powell’s algorithm!’ to maximize the
correlation coefficient between calculated and measured spectral
intensities. An important advantage of the program is that rea-
sonable coupling constants are obtained even for overlapping cross
peaks by simultaneously simulating several spin systems. In

(10) (a) Sklenaf, V.; Feigon, J. Nature 1990, 345, 836-838. (b) Macaya,
R.; Gilbert, D. E.; Malek, S.; Sinsheimer, J. S.; Feigon, J. Science 1991, 254,
270-274.

(11) Marion, D.; Bax, A. J. Magn. Reson. 1988, 80, 528-533.

(12) Schmitz, U.; Zon, G.; James, T. L. Biochemistry 1990, 29,
2357-2368.

(13) Madi, Z. L.; Ernst, R. R. J. Magn. Reson. 1988, 79, 513-527.

(14) Widmer, H.; Withrich, K. J. Magn. Reson. 1986, 70, 270-279.

(15) Press, W. H.; Flannery, B. P; Teukolsky, S. A.; Vetterling, W. T.
Numerical Recipes, Cambridge University Press: Cambridge, 1989.

addition, the correlation coefficient gives a quantitative measure
of agreement between simulated and experimental data that is
independent of scaling.!> The program required less than 1 day
of CPU time on a Silicon Graphics IRIS 4D/25 to simulate the
H1-H2/,H2" spin systems of HD31.!* Complete details of this
method will be presented elsewhere (Schultze and Feigon, man-
uscript in preparation).

The deoxyribose coupling constants obtained by simulation of
the H1'-H2’,H2" region of the P.COSY spectrum of HD31 using
CHEOPS are presented in Table I for the nucleotides in the base
triplets. A rough estimate of the % S sugar pucker is also given,
calculated using the program PSEUROT.!™®  This analysis indicates
that all of the purines and thymidines (except Tj,) are predom-
inantly S-type. Only some cytidines, especially those in the third
strand, have a large proportion of the N-type conformation. These
results, along with the more qualitative results obtained from
MINSY! spectra on other DNA triplexes,’? indicate that the
DNA does not need to adopt all A-DNA-type sugar puckers to
accommodate the third strand. A more detailed analysis of the
sugar conformations in this intramolecular triplex will be presented
elsewhere.?!
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Attempts to selectively functionalize saturated hydrocarbons!
have been called “the search for the chemist’s Holy Grail”.2 The
fact that dihalocarbenes can insert into C-H bonds was recognized
30 years ago.’ Since then, a number of different C-H insertions
of dihalocarbenes have been discovered.*® Moderate yields for
insertion of dihalocarbenes into tertiary C-H bonds of saturated
hydrocarbons have been obtained, however, only from ball-shaped
molecules, such as adamantane®™ and dodecahedrane.’* In
contrast, insertions of dihalocarbenes into secondary and tertiary
C-H bonds of other saturated hydrocarbons ordinarily afford only
very low yields,5?

*Carbene Rearrangements. Part 38. Part 37: Xu, L.; Miebach, T.; Smith,
W. B.; Brinker, U. H. Tetrahedron Lett. 1991, 32, 4461-4.

!State University of New York at Binghamton.

§ Texas Christian University.
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Table I. Insertion Reactions of :CX, into Carbon-Hydrogen Bonds
of Small Ring Compounds

small ring compd X products (ratios, %)? yield (%)?

1 Cl 2a (81), 2b (19) 83

Br¢ 3a (80), 3b (20) 27

4 Cl Sa (26), 5b (74) 40

Br¢ 6a (20), 6b (80) 18

7 Cl 8a (83),8b (17) 57

9 Cl three isomers? 2

10 Cl no reaction 0
11 Cl 12 90

?Relative ratios measured by 'H NMR spectroscopy. °Total yields
of two isomers. ¢Stereochemical assignment based on similarity of
NMR spectra with the corresponding chloro compounds. ¢Ratios =
5:1:1 based on 'H NMR of signals of CHCI, groups.

1 4
Figure 1.
Scheme I
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Although reactions of dihalocarbenes with strained compounds
containing three-membered rings have been studied for about 25
years,” C-H insertion reactions of dihalocarbenes with hydro-
carbons containing three- or four-membered rings have not been
reported. We sought evidence to support the premise that C-H
bonds « to a three-membered ring could be inserted because of
the possibility of an interaction of the Walsh orbitals of the cy-
clopropane ring with suitable C-H bond orbitals.

The reactions of dihalocarbenes with olefins in solid-liquid
two-phase systems under ultrasonication usually afford high yields
of double-bond addition products.®* When a mixture of bicy-
clo[4.1.0]heptane (1),'° chloroform, powdered sodium hydroxide,
and 0.5% of TEBA (triethylbenzylammonium chloride) was ul-
trasonicated in the water bath of an ultrasonic cleaner (35 kHz,
120 W) for 3 h, 2-(dichloromethyl)bicyclo[4.1.0]heptanes 2a and
2b were obtained in a yield of 83% (ratio = 4.3:1; see Table I).
As determined by NOE experiments,!! the dichloromethyl group

(6) For literature on reactions of carbenes with bicyclo[1.1.0)butanes and
other strained compounds containing three-membered rings, see: Xu, L.;
Miebach, T.; Smith, W. B.; Brinker, U. H. Tetrahedron Lett. 1991, 32,
4461-4 and references therein.
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X.; Jones, M., Jr.; de Meijere, A. Tetrahedron Lett. 1985 26, 5399-402.
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Chem. Abstr. 1988, 109, 189862r. (c) Xu, L.; Tao, F. Synth. Commun. 1988,
2117-21.
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