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Comparison of the Structures and Vibrational Modes of Carboxybiotin and
N-Carboxy-2-imidazolidone
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The spontaneous decarboxylation Mg¢fcarboxy-2-imidazolidone (a model for carboxybiotin) aN¢L')-
carboxybiotin can be followed at high pH by Raman and FTIR spectroscopies. The major bands associated
with vibrations of the carboxylate group have been assigned on the basis of quantum mechanical calculations
of N-carboxy-2-imidazolidone and(1')-carboxy-2-methylbiotin. The carboxylate modes are the asymmetric
stretch, coupled to the ureido carbonyl stretch, near 1710,dime symmetric stretch near 1340 chhand

the —CO,~ scissoring motion near 830 ct In the case of carboxybiotin, the last two modes are strongly
coupled with biotin ring modes. All three carboxylate modes disappear as spontaneous decarboxylation occurs,
to be replaced by features attributable to the noncarboxylated ring structures.The HF/6-31G* optimized structure
of 2-methylbiotin revealed that the ureido ring portion is essentially planar, in accord with a number of X-ray
crystallographic structures of biotin compounds. However, calculations at this level and at the B3LYP/6-
31+G(d) level (using density functional theory) predict that the ureido ring in biotin puckers upon carboxylation.
Comparison of the structures of carboxybiotin and carboxyimidazolidone, derived at the HF/6-31G* level,
indicates that lengths of the ring-nitrogen-to-carboxylate bonds are equal and that the torsional angles about
this linkage are very similar. This strong structural similarity provides a rationale for the observation that, at
high pH, the spontaneous rates of decarboxylation of these two molecules are very similar.

Introduction recent calculations by Gransuggest that the sulfur may play

a role in activating the N1lin twisted forms of the biotin
molecule that may resemble the transition-state conformation.
Again, the twist would result from proteirbiotin interactions.

We have instigated a variety of biophysical studies of the
enzyme transcarboxyladavyhich transfers a carboxylate group
from methylmalonyt-CoA to pyruvate to form propionyCoA
and oxalacetate, with the goal of determining the mechanistic
chemistry of the carboxylation and decarboxylation reactions.
One approach will be to use vibrational spectroscopy to
characterize the carboxybiotin species on the enzyme. To support
these vibrational analyses, we have undertaken Raman and FTIR

Biotin is the critical cofactor for enzymes that transfer units
of CO;, within metabolic pathways.In these enzymes, biotin
is covalently attached to the protein at a lysine side chain.
Initially, the N1’ position of biotin becomes carboxylated by
accepting a C@moiety from a donor molecule at one active
site. Carboxybiotin then usually functions as a carrier to deliver
CO, to an acceptor at a second active site, yielding a carboxyl-
ated substrate and regenerating bidfiine detailed mechanism
of biotin carboxylation and decarboxylation has engaged the
interest of chemists for some time and, although some facets

are understood, much remains to be elucidated, particularly at ) . )
’ - P y studies of the unstable carboxylated intermediii(@y-carboxy-

the level of the control of reactivity by proteirbiotin interac- I - )
tions. The latter almost certainly has to be invoked to explain, 2-methylbiotin €) andN-carboxy-2-imidazolidonelj (shown

for example, the nucleophilic attack of the Nieido nitrogen n Chart 1) in aqueous solutions and in the at_)senpe of any
on the carboxylate group in some biotin carboxylation steps. protein components. In turn, to understand the vibrational data

Knowles' postulated that the reactive "Nspecies could be for the model C(_)mpounds more fully, we have performed_
generated by base catalysis at a sufficient rate to account forduantum mechanical calculations on the compounds in both their

the observed rate of biotin carboxylation. However, we showed carboxylated and noncarboxylated states (compounresin

recently that this is not a universal phenomenon. For the Chart 1).

biotinylated 1.3S subunit of transcarboxylase, NMR experiments th For t_)oth_gmtqlel clompdounds we rt1ac\j/e ?ﬁ?ﬁ ablebto '?ent'fy
demonstrated that the rate of formation of the Ndpecies is € major vibrational modes associated wi € carboxyl group

between 0.14 and 1.4'5in the physiological pH range 5:5 on the ureido ring and show that these features can be used to
6.52 These rates are considerably less than the turnover rate OFOIIOW spontan.e'ous deca.rboxylatlo'n |n'the.Raman or FTIR
~66 51 measured for transcarboxylas&Other authors have spectra. In addition to_helpmg estz_abllsh V|br_at|onal assignments,
postulated that a transannular interaction involving the biotin me qu?ntt_um rrle(gf_}fatl_mcal (f:a![ﬁulaﬂpnhs prgw}:ﬂe some |r|]15|ght”|1nto
ring sulfur atom and the ureido carbonyl could increase the € relative stabiiies of tne high pH Torms (where the
nucleophilicity of the N1 atom? Although DeTitta and co- ca_rb_oxylatfe group is ionized) of carboxybiotin alearboxy-
worker$ have summarized the evidence against such an 2-imidazolidone.

interaction in the relaxed “ground-state” conformation of biotin, Experimental Section

* To whom correspondence should be addressed. Phone: 216 368 0031. N—methoxycarbonyl-z-imidaz_olidone was Synth_esized accord-
Fax: 216 368 4544. E-mail: carey@biochemistry.cwru.edu. ing to Shaeffer's methddas outlined by CaplowBriefly, 6.88
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CHART 1 Results and Discussion

O Geometries of 2-Imidazolidone andN-Carboxy-2-imid-

)\ - azolidone Using MP2/6-31G* ab initio calculations, Musashi
N/C\b and co-worker¥ have recently investigated the utility of
NH

Z

is planar, thus resembling the ureido ring in biotin. In contrast,
our HF/6-31G* calculations predict that the structure of the
imidazolidone is nonplanar, e.g., the NC4—C3—N3 torsional

o N-carboxy-2-imidazolidone as a model for carboxybiotin. They
“ ?1‘ - b
HN N O C
\_/ ;

predicted that the ring in noncarboxylated 2-imidazolidagje (
2

angle is 10 (torsional angles are listed in Table 1, while bond
lengths and valence angles are shown in Figure 1). The
prediction of nonplanarity is in accord with microwave and
o theoretical studies on ring puckering and inversion of 2-imid-
azolidone, which proceeds viaG conformationt” The ring
puckering is mainly due to the C3 and C4 methylene groups

HN favoring a staggered conformation. A planar conformatio of

H3
would maximize the conjugation between the carbonyl and the
9 nitrogen atoms; however, the eclipsing of the methylene C3 and
/U\ C4 groups is energetically unfavorable. The twist from planarity
H-;C
3
S

modeled for3 resembles that observed in the X-ray crystal

structure of dethiobiotif® Our results for the carboxylated form

of the ring @), derived using ACM/6-31G** calculations, are

in good accord with the findings of Musashi et&lBoth

calculations predict that the G@roup of1 is approximately

o . . planar with atoms N+C2—02, whereas the N3-H bond is

g of 2-imidazolidone was heated in 80 mL of chloroform, 12.4 1,5 edly displaced from this plane. Moreover, the ring becomes

mL of methyl chloroformate were added dropwise, and the 46 huckered upon carboxylation. Dihedral angles for selected

mixture refluxed for 40 h. The material was evaporated 10 at5ms are given in Table 1. Our calculations demonstrate that

dryness under vacuum and recrystallized twice from water. o CQ group of1 adopts an unusual geometry with &0—0
N-carboxy-2-imidazolidone was prepared by adding 0.2 mL angle of 134 and an extended N(CO,) bond length of 1.523

of 2 M potassium hydroxide to 1 mL of 0.5 M-methoxycar- A Musashi et al. observed similar features in their calculation

bonyl-2-imidazolidone. The excess potassium hydroxide ensuredang noted that the CQyeometry resembles that of thé-C-

rapid production of the carboxylated species and maintained acoordinated C@ligand in transition metal complexes, such as

3 4

high pH essential for its stability. M[Co'(R-slen)(CQ)], 12 RHCI(diarsh—(CO»),2° and Ru(bpy}-
N(1')-methoxycarbonylbiotin methyl ester was prepared by (CO)@-CO,). 2
refluxing 1 g of biotin methyl ester in 20 mL of chloroform Structure and Reactivity: Comparing the Structures of

with methyl chloroformate, which had been added dropwise for ¢(2)-Methylbiotin, N(1')-Carboxy-2-methylbiotin, and N-Car-
24 h1° The resulting material was purified by flash chroma-  poxy-2-imidazolidone The structure o€(2)-methylbiotin @),
tography on silica gel eluting with chloroform/methanol 95:5.  computed at the HF/6-31G* level and summarized in Figure 1,
Carboxybiotin was prepared by adding adding 0.2 mL of 2 M s essentially the same as that predicted by Musashi'&fTale

potassium hydroxideta 1 mLsaturated water solution d1')-  yreido ring of4 is nearly planar with the carbony! group slightly
methoxycarbonylbiotin methyl ester water solution (approxi- out of the ureido ring plane. A similar conformation was found
mately 10 mM). in the ureido ring of the 6-31G* optimized structure and X-ray

FTIR spectra were obtained using a Bomem MB series FTIR structure of chainless biotfhTable 1 lists selected dihedral
spectrometer, with a Cafeell with a 0.05 mm Teflon spacer, angles of the theoretical structure and compares them to those
allowing data above 1000 crhto be obtained. The FTIR  observed from X-ray structures of dethiobiotfriotin 22 and
samples were dissolved in,O, and potassium deuterioxide was methoxycarbonylbiotin methyl estét.t can be seen that the
used to prepare the carboxylated species and maintain a highpredicted dihedral& andF for 2-methylbiotin are very close
pD. to the values for biotin. The addition of the methyl group at C2

Raman spectra were obtained using 488 nm excitation from introduces a noticeable distortion to the mirror symmetry
a Coherent Innova 90 argon ion laser and collected on a 0.5 mobserved in chainless biotin, with the environments of the ureido,
Spex single monochromator equipped with a Princeton Instru- N1', and N3 hydrogen atoms id being distinct. Thus, in Table
ments CCD camera and a Kaiser Optical Systems holographicl the dihedralA has the opposite senseBdas it does in biotin
notch filter, as described in Kim et &l. itself), owing to the C6 methyl group attached to C2. The sulfur

Ab initio HF/6-31G* calculations for compounds-4 (Chart ring of 4 constrains the ureido ring to a near-planar conforma-
1) were carried out with Turbomole (Biosym/MSI, San Diego, tion, maximizing the conjugation of the ureido carbonyl and
CA). Density functional theory (DFT) calculations were carried nitrogen atoms. This contrasts with the puckered ring predicted
out with Turbomole forl using the adiabatic connection for 2-imidazolidone and, in contrast to the conclusion drawn
method!2 ACM functional, and the 6-31G** basis set. DFT by Musashi et al*s we contend that the latter can only serve as
calculations fo were performed using the B3L¥#functional, an approximate model for biotin.
which is part of the Gaussian Y4suite of programs with the The predicted structure ®f(1')-carboxy-2-methylbiotinZ),
6-31+G(d) basis set, which is recommended for charged summarized in Figure 2 and Table 1, is particularly revealing,
molecules’®> The calculations were performed on a Cray both in its comparison to the noncarboxylated form of biotin,
Y-MPS8E at the Ohio supercomputer facility. to N(1')-methoxycarbonylbiotin, and tN-carboxy-2-imidazoli-



Carboxybiotin andN-Carboxy-2-imidazolidone

J. Phys. Chem. A, Vol. 103, No. 15, 1998853

TABLE 1: Selected Dihedral Angles (in deg) of Optimized Structures +4 (Shown in Chart 1)

methoxycarbonylbiotin

atoms 1 2 3 4 dethiobiotir? biotin® methyl estet
A: O2—-C2—-N3'—H 29 (26) 27 (25) 2 16 -15 15 7
B: 02—-C2—-N1'—H 2 -11 —13 —22
C:. 02-C2—-N1'-C 9 (10) —3(—2) —6
D: C2—-N1-C-0O —10 (—11) 6 (3) 11
E: N1'—C4—C3—N3 —30 (—28) —15(—13) —-10 -2 —-23 -2 1
F: 02—-C2N3'-C3 161 (162) 165 (166) 176 170 168 174 177

@ Obtained from Cambridge Crystal Structure Database [refs 18, 22, 23].

1227
(1262)

3

Figure 1. Bond lengths and valence angles for 2-imidazolidone and
C(2)-methylbiotin. The values are from the HF/6-31G* optimized

structures, while the values appearing in parenthese are from X-ray

crystallographic data for the hemihydrate33f and for biotin??

done. The first observation is that carboxylation at dfbiotin

Following the Decarboxylation of N-Carboxy-2-imidazoli-
done in the Raman and FTIR Spectra N-carboxy-2-imid-
azolidone is formed by the alkaline hydrolysis &Fcar-
boxymethoxy-2-imidazolidone, and once formed, it decarboxyl-
ates spontaneously to give g@nd 2-imidazolidone. The rate
of decarboxylation is very pH-dependent, withcarboxy-2-
imidazolidone being more stable at high pH and rapidly
decarboxylating at neutral and low g¥° By use of an excess
of alkali, theN-carboxy-2-imidazolidone can be formed fairly
rapidly, and at pH 14 the carbamate ester carbonyl stretch of
the parent compound disappears in approximately 10 min,
indicating that hydrolysis of the ester is complete.

The kinetics of decarboxylation df-carboxy-2-imidazolidone
can be followed by either Raman or FTIR spectroscopy, as is
illustrated in Figure 3. Indeed, Caplow, in his pioneering study,
used an infrared assay, in the 16Q700 cnT? region, to study
the decarboxylation kinetics of the imidazolidone complex

introduces some puckering into the ureido ring, destroying the between pH 7 and 190In Figure 3, the Raman peak at 936

near-planarity found in biotin itself. Thus, the NIC4—C3—

N3 torsional angle, according to the B3LYP/6-31-G(d) calcula-
tions, is—15°, near the mean of the values of30 and—2°
found for 2-imidazolidone and biotin, respectively (Table 1).
In addition, the geometries about N&re similar for both
carboxylated molecule$ and 2, with the dihedral angles for
02 —-C2—N3—H being essentially identical (Table 1). In view
of the extensive evidence that the ureido ring in many biotin

cm~1is due to the symmetric ring breathing mode of 2-imid-
azolidone? which is formed in small amounts by-N cleavage

in a side reaction while the ester is being hydrolyZaiethanol

is the also produced upon carbamate ester hydrolysis, and the
C—O stretch of methanol is observed at 1018 &nThis peak
overlaps a feature from 2-imidazolidone at 1003 ¢3% and

the composite band grows with decarboxylation. The peak at
1068 cm! is due to the formation of HCQ, the result of

derivatives is essentially planar, the predicted distortion in Producing CQ at high pH’

carboxy-2-methylbiotin is at first surprising. However, the ureido
ring in carboxybiotin is slightly more planar thaniicarboxy-
2-imidazolidone, as evidenced by the values for thé-NI4—

In Figure 3, three peaks stand out as diagnostic for the
carboxy species. These occur at 1712, 1328, and 840 am
the Raman spectra in,® and disappear upon decarboxylation.

C3—N3 dihedral discussed above and by the fact that the bound Two corresponding FTIR bands can be observed at 1701 and

CO; is slightly closer to planarity with the &0)—N1' ring
fragment (compare dihedral€ and D in Table 1). It is

1338 cntl. The results from the ACM/6-31G** calculations
allow us to assign these spectral features. Table 2 lists the

noteworthy that the structural factors discussed above persistprincipal “carboxylate bands” identified by the calculations for
when the calculations are performed at the same level, e.g., forN-carboxy-2-imidazolidone and(1')-carboxy-2-methylbiotin.
the results at the HF/6-31G* shown in parentheses in Table 1. For the imidazolidone complex the calculations allow us to
The structures predicted on the basis of the quantum mechanicafssign the band in the 1705 ciregion to the asymmetric

calculations provide some insight into the reactivities of
carboxybiotin andN-carboxy-2-imidazolidone. Tipton and Cle-

stretch of the carboxyl group coupled to the ring carbonyl
stretch. The 1335 cmt band results from the symmetric

lanc?4 state that the spontaneous rates of decarboxylation of thecarboxylate stretch, and the 840 cthivand is due to carboxylate

—COO forms of these molecules are very similar, 23073
min~! for carboxyimidazolidone and 4.6 102 min~! for
carboxybiotin, at high pH and 25C. As emphasized above,

the structures are quite similar. Since decarboxylation likely

occurs via a unimolecular transition statehe bonding about
the N-COO™ linkage will be critical in determining the rate.

scissoring. For the carboxyimadazolidone complex these
normal modes are depicted in Figure 4, and it is apparent that
the modes are fairly localized.

For the—CO,™ vibrations, when calculated and experimental
values are compared, the asymmetric stretch is predicted to have
too high a value, and the symmetric and scissors modes are

The near-identity in this region is revealed by the similar values given calculated values that are too low. The calculated values
of dihedral angle€ andD in Table 1. Moreover, as Figure 2  have not been modified using a scaling factor, a device often
shows, when the calculations are undertaken at the same levelused in vibrational calculations to improve agreement between
the C—N bond that is cleaved during decarboxylation has exactly calculated and experimental frequencigéi the present case,
the same length in both structures, 1.490 A, suggesting a veryhowever, the application of a uniform scaling factor cannot
similar distribution of electrons in this linkage. Taken together, improve the fit of all three carboxylate modes. The recent work
these findings provide a clear rationale for the very similar rates of Wong and colleagué%3! has demonstrated that agreement
of spontaneous decarboxylation. between experimental and calculated vibrational frequencies can
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Figure 2. Density functional theory optimized structures féicarboxy-2-imidazolidonel) and N(1')-carboxy-2-methylbiotin Z).
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Figure 3. Following the spontaneous decarboxylationNa€arboxy-
imidazolidone by FTIR (top) and Raman (bottom) spectroscopies. In

Raman band at 1069 crhin Figure 6 is also due to the
production of bicarbonate. The important changes in Figure 5
are the decrease in the peaks near 1701'and the doublet
near 1320 and 1335 crh These are mirrored in the Raman
spectra by the decrease in the features at 1718 and 1322 cm
The results of the B3LYP/6-32G(d) calculations, depicted in
Figure 7, show that the bands near 1710 and 1320lcm
correspond approximately to the carboxylate asymmetric stretch
(coupled to the ureido carbonyl) and the symmetric stretch seen
for the imidazolidone analogue. One difference, apparent from
a comparison of the normal modes depicted in Figures 4 and 7,
is that for carboxybiotin the carboxylate symmetric stretch is
vibrationaly coupled to biotin ring modes, whereas the car-
boxyimidazolidone mode is more localized.

There are a number of possible explanations as to why the
symmetric stretch appears to consist of two features (resolved
in the FTIR spectrum and unresolved in the Raman). For
example, the mode could be split because of a Fermi doublet-
type interaction with a fundamental in the 660 Cnregion.
Another possibility is that significant carboxylation has occurred
at the N3, giving rise to a mixture of N3and N1 carboxylated
species. Although both Knappe et!&land Berkessel and
Breslow?? indicated that in their preparations less than 10% of
the carboxymethyl groups are at the 'Nisition, we plan to
explore this issue further by the use of NMR. For carboxybiotin
the calculations predict that, as for carboxyimidazolidone, the
carboxylate scissoring motion occurs in the 800-&megion

both, experiments data were recorded 10, 40, and 70 min after the @nd that this motion is significantly coupled to biotin ring modes

addition of KOH (see text).

(Figure 7). The Raman spectra seen in Figure 6 demonstrate
that two moderately intense features at 825 and 928'cm

often be dramatically improved by including solvent molecules decrease as decarboxylation occurs. Again, further work is
in the calculations. It seems likely that a similar improvement needed to determine if these bands emanate from a single or
could be made here by including solvent effects, especially in from two carboxylated species. Despite this ambiguity, we are
light of the fact that the carboxylate group carries a negative able to conclude that the asymmetric, symmetric, and scissoring
charge and solvation will give rise to a redistribution of electron modes for the carboxylate moiety of carboxybiotin occur in the

densities in aqueous solution compared to that in vacuo.
Vibrational Spectra of Carboxybiotin. Carboxybiotin was

prepared at pH 14 in a manner similar to that fbcarboxy-

2-imidazolidon€%24 permitting us to follow the spontaneous

same regions as for carboximidazolidone. One difference is
that, while for carboxybiotin the COasymmetric stretch,
coupled to the ureido carbonyl, is a localized mode, the
symmetric and scissoring modes have significant contributions

decarboxylation by either Raman or FTIR spectroscopy. Figure from motions of the biotin ring. The high intensities of the
5 compares the FTIR spectrum of freshly prepared carboxybiotin asymmetric stretch in the infrared and of the symmetric stretch
with those 0.5 and 1.5 h after preparation; Figure 6 shows the in the Raman make these bands leading candidates for probing

Raman spectra of carboxybiotin freshly prepared & later.
In Figure 5, the features near 1652 and 1409 tincrease

with time and are due to biotin and bicarbonate, respectively.

carboxybiotin sites within proteins. An additional notable feature
in the Raman spectra is the intense band near 690 @Rigure
6). In keeping with the strong Raman scattering properties of

A biotin feature occurs in the first spectrum because by the time C—S linkages, the B3LYP/6-3#G(d) calculations (not shown)

these data were recorded, some N cleavage had occurred

assign this band to the-8C(5)—C(4) stretch. This feature may

under the conditions used to hydrolyze the ester. The intenseprove useful as a marker for changes in conformation involving
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TABLE 2: Experimental and Calculated Frequencies for the Major Vibrational Modes Associated with the Carboxylate
Group?

experimental (cm?)

Raman IR (DO) calcd description
N-carboxy-2-imidazolidone 840 802 (799) gexissors, N-C(O,), NH def

1328 1338 1301 (1301) CQym, N-CO,

1712 1701 1893 (1892) CLasym, G=0
N(1')-carboxy-2-methylbiotin (calcd) 925, 825 765 (763) £X0issors, ring modes
N(1')-carboxybiotin (exptl) 1322 1334, 1320 1275 (770) £9m, ring modes

1718 1701 1817 (1814) CQsym, G=0, N—H bend

aSee Figures 4 and 7 for pictorial representations of the modes. The calculations were undertaken at the ACM/6-31GNeazbfory-2-
imidazolidone and at the B3LYP/6-315(d) level forN(1')-carboxy-2-methylbiotin. Calculated values in parentheses are for the molecules deuterated
at N-D, for comparison with experimental IR spectra that are recorded,@ D

- 1069

2

Vi1 g

1893 em™ i
o

g

£

&

T ] T
Vi4 1500 1000 500
Vo 802 cm’” Wavenumbers / cm™

1301 cm™

Figure 4. Major vibrational modes associated with the carboxylate

group inN-carboxyimidazolidone. The modes are derived from ACM/

6-31G** calculations. Arrows represent atomic displacement vectors
during half-phase of vibration, multiplied by approximately 10 times

the true value.

Figure 6. Raman spectrum of freshly prepared carboxybiotin (bottom)
and afte 1 h (top).

Vsi1
8 1817 cm™
o
k:
£ ’
£ :
e :
& ] Y
= ' :
v | &
o v :
g% 3 Y 8
= @ § = Vig V22
1275 em™ 765 cm
1800 1600 1400 1200 Figure 7. Major vibrational modes associated with the carboxylate
wavenumbers / cm’ group in 2-methyIN(1')-carboxybiotin. Arrows represent atomic dis-
Figure 5. FTIR spectra of freshly prepared carboxybiotin (bottom) Placement vectors during half-phase of vibration, multiplied by
and after 0.5 h (middle) and 1.5 h (top). approximately 10 times the true value. Open circles represent atomic

displacement vector out of the plane of the paper toward the reader.
the ring sulfur at protein sites and thus has the potential to Ureido ring is approximately in the plane of the paper.
provide evidence for the protein-induced distortions proposed

by Grant! carboxybiotin and oN-carboxy-2-imidazolidone, which serve
) as simple models for biotin. Good quality vibrational data were
Conclusions obtained for both species. Quantum mechanical calculations

The initial objective of this research was to characterize the were used to define the equilibrium conformations of both
FTIR and Raman spectra of the unstable spedié%)- carboxylated species and of the parent decarboxylated
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compounds. These calculations also allowed us to assign the (11) Kim, M.; Owen, H.; Carey, P. RAppl. Spectroscl993 47, 1780~
three major modes associated with the carboxylate groups in1783:
. . (12) Becke, A. D.J. Chem. Phys1993 98, 5648-5652.

the Raman and IR spectra: these are the carboxylate asymmetric (13) Lee, C.; Yang, W.. Parr, R. ®hys. Re. B 1988 37, 785-789.
stretch, coupled to the ureido carbonyl stretch, near 17I_G,cm (14) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Gill, P. M.; Johnson,
the symmetric stretch near 1340 thand the-CO,~ scissoring B. G.; Robb, M. A;; Chesseman, J. R;; Keith, T. A.; Montgomery, J. A;
mode near 830 cm. The last two are coupled to biotin ring Eg%gf’r‘r‘l’gﬁhaj”v X é'i'o'-s"’l‘g\i’:k'i M A-éé%'%gwék" Y C,;‘la ngfgzkk;-av-x
motions in carboxybiotin. All three modes are seen to decreasecnajiacombe, M.: Cheng, C. Y.; Anala, P. Y.; Chem, W_;yWOng’ W
with time as spontaneous decarboxylation occurs. In future Andres, J. C.; Peplogle, E. S.; Comperts, R.; Martin, R. L.; Fox, D. L.;
studies this information will serve as a starting point for our gmk'ellh J. g EF)JeFlfeeiy %J-Z Bake%jéSteWaft' IJ- F_’-;PHgag-G%fdgfk M.;
interpretation of the vibrational data from carboxybiotin bound Jgge > = FOPIe: < Abaussian SRaussian fne.. FIHsburgn, FA,
to its carrier proteins and involved in carboxylation reactions.  (15) Foresman, J. B.; Frich, Axploring Chemistry with Electronic
Insight has also emerged from the quantum mechanical calcula-Structure Methods2nd ed.; Gaussian Inc.:, 1996.
tions regarding structure and reactivity. The calculations for the 11:(),12@1""1%3365*1" Y.; Hamada, T.; Sakaki,.J5Am. Chem. S0d995 117,
hlgh pH forms of carboxylmldazolldqne and carboxybiotin (17) Otero, J. C.; Marcos, J. I.: Lopez-Cantarero, E.. Chacohm.
indicate that the structures about the ring-to-carboxylate group phys.1991, 157, 201-207.
are very similar, providing a rationale for the observation that  (18) Chen, C.; Parthasarathy, R.; DeTitta, GJTAm. Chem. So4976
the rates of spontaneous decarboxylation at high pH for the two 98v(f§)83|:‘ :cghgir?étti G Floriani. C.: Zanazzi, PEAm. Cher. S04978
molecules are very simil&f. 100, 7405-7407. v i '

(20) Calabrese, J. C.; Herskovitz, T.; Kinney, J.JBAm. Chem. Soc.
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