Derivatization of some carboxylic and

hydroxy acids with the chiral fluorescent
tag R-DBD-APy

Joshua G. Stern, Summer Undergraduate Internship in Astrobiology
Brown University

May 29, 2007 - August 3, 2007



Chirality

W

chair chair

Achiral
(can superimpose mirror images)

0 i H, ©

JJ\ ,Ci .CHz HsC._.C. )J\

HO C C G C OH
H Ho Ho Ho

Valeric acid Valeric acid

D-desk

L-desk

Chiral
(cannot superimpose mirror images)

Ho Hz Q
HO !,C;C“CHS HaG"C}G\ OH
H;‘jc NHE HEN CHE

L-isovaline D-isovaline



Fluorescence Detector

ﬁ

High Performance Liquid Chromatography Time-of-flight Mass
Spectrometer

Compound to separate



100.0%

90.0%

80.0%

% of initial fluorescence area

70.0%

Decomposition of Amino acids derivatized with OPA/NAC

% Fluorescence vs. time at -86°C

A *
@
s
A
n =
[
1 2 3

4
Time {weeks)

5

L-ASP 3
D-VA i
a-AlB |
s
a GLY
b i 8



B-4-[N N -dimethylaminosulforyD)-7-{ 3-
arpinopyrrolidin- 1-vl1-2.1 3-benzoxadiazole

D

W +
RN“EE \ HPI

R
R-DBD-Apy (excess)

2.2°-dipyridyl disulfide
(DPDS)

O

Y

Valeric acid

“o

Triphenylphosphine (TPF)

[R-DBD-APy] _,

[acid]

2 hr,
Room temp

—=N

Acetonitrile (ACN)

A

i
I 9 N-—g

/
\
.0

Derivatized valeric acid



R-%-[Z\',h'--:h'_rr_r!::h}';amlnnsulfc-n-:'lj-'.'-{.i- [R = DBD 2 AP},]

arpinopyrrolidin- 1-vl1-2.1 3-benzoxadiazole
O :
D el

) QEJLA\IN i ch“/%kw
N ] HO CH,

S | s
ER-DBD- Ap}r (EI{CI.‘:SE) 2-hydroxy-2-methylbutyric acid

=200

2 hr,

fl S0 e p
U ——=N

2,2’ -dipyridyl disulfide Triphenylphosphine (TPF) Acetonitrile (ACN)
(DPDS)
-
o M 0
N IS\“ 1' FJ Derivatized 2-hydroxy-2-
/ N—o methylbutyric acid



R-4-{N N-dimethylaminosulfonyl)-7-{3- [R-DBD - APF]

arpinopyrrolidin- 1-vl1-2.1 3-benzoxadiazole D 2{]0
,.E>—-|~~n-|E [acid]
O
) :;;,Q;N + Ny OH
N [ \ ! 2
;9 N—g
R-DBD-Apy (excess) Isavaline
2 hr,
- | P Room temp
v
..-f"
2,2’ -dipyridyl disulfide Triphenylphosphine (TPFP) Acetonitrile (ACN)
(DPDS)
D
N N%/
Q s O
S ) b T
/ 0 N— 0 Derivatized isovaline



The Strecker synthesis is the oldest organic synthesis of amino acids.
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A parallel series of reactions leads to the formation of hydroxy-acids.

R—C—H + HCN & R—CH—C=N i
O OH (2)
i H, O I H,O
R—CH—C=N % R—CH—C—NH, -“%[R—CH—COOH + NH,
OH OH OH (3

Source: The Qriging of Life on the Earth, S. L. Miller & L. E. Orgel, p. 88
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Derivatizing carboxylic acids had very limited success

2-hyd roxy-2-methylbutyric acld

Valeric acid 3-hydroxybutyric acid
Formic acid
Acetic acid S-hydroxy-3-methylbutanoic acid
Prafured Acceptable Lactic acld 2-ethyl-2-hydroxybutyric acid
I l I I l'I I 4’ ¥ X L
* I | I I I I I I [
10-19M 10-M 10-°M 104M 102M

Sample concentration at start of reaction, moles/L

Alternative approaches: different mobile phase, longer reaction time, different
fluorescent reagent, different wavelength, different catalyst
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