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Hydrogen bonding is a fundamental feature in the structured Téllb/e 1. lialf-li\_/eS_Of H/D Exchange in 10% CD3;OD/CDClI; for
folding of proteins and synthetic foldamérds interest grows in ~ R*'CONHR? Derivatives (1~-10)

peptidomimetic design and peptide catalysasheightened under- ts tz
standing of the hydrogen bonding properties of these molecules is Rt R? (min) Rt R? (min)
essential. Herein we demonstrate that hydrogen/deuterium exchange 1 Me n-Bu 14 6 Me t-Bu 110
is a valuable tool in determining the relative strengths of hydrogen 2 Et n-Bu 20 7 tBuO  nBu 1200
bonds in relation to controls. Additionally, it provides a meansto 3  i-Pr n-Bu 42 8 tBuO  i-Pr 1220
elucidate the separate roles of both hydrogen bond donors and 4 ~ ©Bu ~ nBu 14500 9 BuO  tBu 1450
5 Me i-Pr 14 10 Ch t-Bu 24

hydrogen bond acceptors.

Hydrogen/deuterium (H/D) exchange is an analytical technique
that has been used to correlate hydrogen bond strength with thein Figure 1. More striking is the comparison with control molecules
rate of chemical exchange of the participating hydrogen to that contain similar functional groups: amig¢0O) and carbamate
deuterium? While this technique has been widely used to evaluate 7 (O0). The glycine amide shows a significant decrease in the rate
protein dynamics in watérthere has been minimal work involving  of exchange in comparison with the control, consistent with this
small molecules in organic solveritdn an effort to demonstrate hydrogen serving as a hydrogen bond donor. Interestingly, the
how this method can be employed to measure intramolecular carbamate hydrogen shows a significant acceleration in the rate of
hydrogen bonding, H/D exchange was applied to a series of modelH/D exchange. This is indicative of the carbamate serving as a
compounds chosen to distinguish the participation of hydrogen hydrogen bond acceptor. Presumably, the presence of the hydrogen
bonding from other effects. bond serves to accelerate the H/D exchange of the carbamate proton

Englander has shown that steric and electronic environments by stabilizing the increased electron density on the carbamate that
affect H/D exchange ratésAs a result, any consideration of  occurs when the proton is removed.
hydrogen bonding must be in the context of comparison with similar ~ Two additional N-methylated glycine derivativek2( 13) were
controls that are unlikely to form intramolecular hydrogen bonds. created to further probe the role of hydrogen bonding and gauge
Amide derivatives1—10 (RICONHR?) vary in their amine and possible electronic and field effects. The H/D exchange kinetics of
carboxyl substituents, and the half-lives of their H/D exchange in these derivatives are also shown in Figure 1, and the corresponding
10% CD,OD/CDCk are listed in Table I1.Steric bulk of the rate data are listed in Table 2. Boc-N-Me-Gly-NHBEI2 (x)
carbonyl and nitrogen substituents affects the baseline rate of H/D exhibited a rate of exchange that was similar to the non-methylated
exchange to differing degrees. A comparisonlef4 shows that derivative, suggesting comparable hydrogen bonding in both
changes to the carbonyl substituent)(fRom methyl throughert-
butyl produced exchange rates that differed by 1000-fold. Deriva- o R®  41.R'= Bu R2=H R3=H
tives that differ only in their nitrogen substituent3Rshowed a B PN N.gt 12:R'=Bu,R2=H, R®=Me
lesser difference in their exchange rates. This can be seen b uo r\FI/\n/ R "Rl _Me RZ2— Me RO

C _ 9 _ y R O 13: R' =Me, R®=Me, R®=H
comparing amides, 5, and6, as well as carbamat@s-9. Electronic
effects have also been shown to influence H/D exchange rates. 100
Derivatives6, 9, and10 were all formed frontert-butyl amine but 90
contain differing carbonyl functional groups. The electron with- 80
drawal of the trifluoromethyl group accelerated H/D exchange, . O 0 o ©
while the electron donation of the carbamate slowed the rate of 70 * Bl
exchange. Both the electronic and steric results point to a dissocia-
tive mechanism where removal of the proton is rate-determining
and inhibited by greater electron density or by increased steric bulk,
most appreciably on the carbonyl substituent.

With the establishment of baseline exchange rates for controls,
hydrogen/deuterium exchange was measured for fundamental
molecules capable of making only a select number of intramolecular
hydrogen bonds and with minimal steric differences. Boc-Gly-
NHBu 11 was chosen to provide two hydrogen bond donors and
two hydrogen bond acceptors, with the possibility of forming 0 200 400 600 800 1000
hydrogen bonds through either a five-membered or a seven- time (min)
m_embered ring. On first inspection, the H/D exchange_ datd Tor Figure 1. H/D exchange kinetics comparing glycine derivatiidsBoc-
(Figure 1) showed a slower rate of exchange for the amide hydrogeny; = B, NHBU = @), 12 (x) and 13 (+) with controls2 (O), 7 (D).

(@) than the carbamate hydrogel)( consistent with preferential  Arrows indicate the differences in rates between non-hydrogen-bonding
formation of a seven-membered riggurn hydrogen bond shown  controls and similar hydrogen-bonding groups.

O-—H
Bu0—4  N-CiHg
N

+
[
|

60
50

40

Percent Hydrogen

30

o0C, .(iﬁe. =
S
o

20

12956 = J. AM. CHEM. SOC. 2007, 129, 12956—12957 10.1021/ja076185s CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

Table 2. Half-lives of H/D Exchange in 10% CD3;OD/CDCls for in 15is not accelerated to the same extenfasnay indicate that
Peptides (11—15) Capable of Making Intramolecular Hydrogen its role as a hydrogen bond acceptor is diminished by comparison.

Bonds Both of these effects point to the presence of conformatibin
_ e These simple molecules demonstrate the usefulness of hydrogen/
exchanging NH (min) deuterium exchange in the assessment of hydrogen bonding.
11 BocNHCH,CONHBuU 40 Relative rates of H/D exchange can be correlated with the presence
11 BocNHCH,CONHBuU 132 of hydrogen bonds, given comparison to controls that account for
g gogr\\lla/lceﬁl-cbgﬁl\l\lﬂHBu égg inherent steric and electronic effects. While a number of existing
14 BchHCHZCH NH%C 570 techniques indicate the role of hydrogen bond donors, this is one
14 BocNHCHiCHiNHAC 33 of only a few techniques that directly illuminates the participation
15 BocNHCH,CONHCH,CONHBuU 63 of individual hydrogen bond acceptdiThis approach is currently
15 BocNHCH,CONHCH,CONHBuU 13 being employed in ongoing investigations of larger hydrogen
15 BocNHCH.CONHCH,CONHBuU 180 bonding molecules.
P . . exchanges O ch J
derivatives. The exchange kinetics of Boc-Gly-NM& (+) showed faster than 0 15b O_E:J,(_, than control
a rate of exchange that was similar to that of the carbamate control, ~ “"" /\( "N-C4Hg
. . - H —0 tBuO N
suggesting that when theg-turn was unavailable there was no & N~
significant hydrogen bonding present in this derivative. {BUG ) C - H
A comparison with other techniques indicates the sensitivity of UO  exchanges CaHg exchanges slightly
o . slower than control faster than control
H/D exchange in illustrating these somewhat weak hydrogen
bonding interaction$.Both N—H protons of11 show significant Acknowledgment. This work was supported by an award from

changes in NMR chemical shifQ ppm) upon the addition of a ~ Research Corporation. The authors are grateful to the NSF for
hydrogen bonding solveA? making it difficult to accurately financial support (MRI-0116416).
describe the presence of hydrogen bonding. Analysis of the infrared ) i i . i .
spectra ofl1—13 does indicate the presence of a hydrogen-bonded _ SUPPOrting Information Available:  Synthetic details, NMR
amide for11 and 12, but even12 exhibits predominantly a non- spectra, and kinetic data for H/D exchange. This material is available
hydrogen-bonded eimide stretth. free of charge via the Internet at http://pubs.acs.org.
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