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Overview and brief discussion of the most recentlgublished procedures for preQ by Carell et al.:*

The two most recent procedures suggested to atbessnodified guanine analogue preQase were
reported byCarell et al. in 2005, both starting from pyrimiding (Scheme S1).The first one (Route A),
being a short and seemingly straightforward fivepssynthesis, involves intermediate formation @Cyr
base from pyrimidinet and 2-chloro-3-oxopropanenitrile, followed by @&sequent hydrogenation step to
yield preQ base. However, this approach only yields 6.6 %hef desired nucleobase. The second route
represents a higher-yielding, yet syntheticallgtgliy more elaborate six-step sequence renderie@ frase

in 25 % overall yield. After an intermediate phthatle deprotection step with hydrazine, the resglti
product mixture is reprotected by treatment witlodBO in DMF to enable separation of the product from
the simultaneously formed side-products (mainlyhBHitydrazide) by flash chromatography yielding 31 %

of Boc-protected prefbase. Final deprotection gives rise to the desitadeobasd.
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o 6.6 % overall 25 % overall o)
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HN ‘ preQ, base, 1 HN ‘
s s

Scheme Si1Retrosynthetic approaches of most recent pes@theses barell et al.*

Overview and brief discussion of all hitherto publshed synthetic approaches for Q base:

The first synthesis was reported Ggto et al.? in 1983. This rather lengthy and time-consumingedinally
rendered Q base in 19 steps applying a reductiveagion with cyclopentenylamith9 as key step. In 1988,
Akimoto et al.® published a shorter, apparently more straightfovweymthetic approach. The crucial step of
their strategy is based on a regioseledii\anich reaction at the pyrrolo moiety of the previously prepared
octanoyl-protected heterocyclic cd2 to introduce a dibenzylated aminomethyl side claiposition 5 of
the heterocycle. The resulting intermedi@te finally allows implementation of the required sidbain
moiety of queuine by an amine exchange reactidizingy excessive amounts of the above-mentionedchami
19. Although the regioselectivity of tHdannich reaction (ratio of 5- versus 6-position substitution = 14.2
1) is quite high, the obtained product still migleintain low amounts of the unwanted 6-substitusedner.

In addition, the synthesis of the required substtatfor the following amine exchange is rather chajiag
and, moreover, has to be applied in large excessf@ld) in order to achieve a reasonable yietd2000,
Grubb et al.* described an alternative route utilizing a différeisconnection approach. Herein, the key

reaction is the ring closure via a cyclic condeinsato install the pyrrolopyrimidine core of theaheobase
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employing 2,6-diaminopyrimidine-4-ond)(anda-bromoaldehyde intermedia®2, prior to this derived via

cyclopentenollO starting from D-(-)-ribose, and the fully protedt&-aminopropanol precursas.
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Scheme S2Retrosynthetic approach and key steps of preljioaported syntheses of Q base

In total, this sequence requires 14 steps in aagant approach applying several protection stiegetp
finally yield Q baseZ2) in an overall yield of 1.6 % from D-(-)-ribosen 010,Showalter et al.’ reported a
significantly shorter strategy using the biochemipeeQ precursor preg) base 24), available in two
preceding steps from heterocydg as starting material. Reductive amination of tiitgl{protected formyl

deazaguanine derivatiVv@b, obtained from pregbase24, with cyclopentenylamind9, furnishes, after a
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final deprotection step, queuine?)(as monohydrochloride in 36 % over four steps fr@s
Cyclopentenylamind9 is accessible via the corresponding cyclopenteigés?26 by a modified four-step
protocol ofCarell et al.” in 14.5 % overall yield. However, a necessary ireguent of this synthesis is the
implementation of an intermediate silylation stepthw24 thus gaining sufficient solubility of the
heterocyclic intermediate for the successive mitriéduction with DIBAL-H to form the trityl-proteetl

derivative25 at lower temperatures.
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2-Amino-5-(aminomethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one dihydrochloride hydrate (1, DMSO-dg)
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2-Amino-5-(aminomethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one dihydrochloride hydrate (1, CD30D)
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2-Amino-5-(aminomethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one dihydrochloride hydrate (1, DMSO-dg)
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2-Amino-5-(aminomethyl)-3,7-dihydro-4H-pyrrolo[2,3-d]pyrimidin-4-one dihydrochloride hydrate (1, D,O/CD30D)
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2-Amino-5({[(1S,4S,5R)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride
hydrate (2, CD;0OD)

T
i
0 S RN R §.-OH
17 "|m
L TT TTTT
hE )\)\ &y~ ®"“OH
— ™
(=] O N
0'2, N H
—
N 4 A B *2 HCI * H,0
al )\\ N z
. HNT N7 N
=]
)
2
@
o
@
®]
] N
™3 (8 g (5 8 S
] — — — - —l
©
Q-
n
0
q::
©
oq:
o
N ‘
o |
g | /
g° I m
4 |
-('gu o J"L J\L J L’UJ‘J\J\J\ LJ"L J . |
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
R AN, L Gl Nswe  <dhu L
— (o] < b n < © <
N~ QO INNNOWLWLW D OO NONOO N OO o
o NNANNS OSSOSO ® OITMMONNN OMMO® S
© O OOVWWOVWWOVWWOVWWOVWOVWVOO < I TS nmMmMMOMOM o

X : parts per Million : 1H

S10



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

2-Amino-5({[(1S,4S,5R)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride

hydrate (2, D,O)
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2-Amino-5({[(1S,4S,5R)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride
hydrate (2, CD;0OD)
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2-Amino-5({[(1R,4R,55)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride
hydrate (3, CD;0OD)
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2-Amino-5({[(1R,4R,55)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride
hydrate (3, D,O)
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2-Amino-5({[(1R,4R,55)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride

hydrate (3, CD;0OD)
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2-Amino-5({[(1R,4R,55)-4,5-dihydroxycyclopent-2-en-1-ylJamino}methyl)-37-dihydro-4H-pyrrolo[2,3- d]pyrimidin-4-one dihydrochloride

hydrate (3, D,O/CD3;0D)
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(R,S)-2-(2-Hydroxy-3-nitropropyl)-1 H-isoindole-1,3(24)-dione (6, DMSO-g)
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(R,S)-2-(2-Hydroxy-3-nitropropyl)-1 H-isoindole-1,3(24)-dione (6, DMSO-g)
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2-[(2E)-3-nitroprop-2-en-1-yl]-1H-isoindole-1,3(H)-dione (7, DMSO-d)
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2-[(2E)-3-nitroprop-2-en-1-yl]-1H-isoindole-1,3(H)-dione (7, DMSO-d)
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(R,S)-2-[2-(2,4-Diamino-6-0x0-1,6-dihydropyrimidin-5-yl)-3-nitropropyl]-1 H-isoindole-1,3(H)-dione hydrate (8, DMSO-&)
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(R,S)-2-[2-(2,4-Diamino-6-0x0-1,6-dihydropyrimidin-5-yl)-3-nitropropyl]-1 H-isoindole-1,3(H)-dione hydrate (8, DMSO-&)
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2-({[(2-Amino-4-oxo0-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)methylJamino}carbonyl)benzoic acid dihydrate (9, DMSO-ds)
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2-({[(2-Amino-4-oxo0-4,7-dihydro-3H-pyrrolo[2,3-d]pyrimidin-5-yl)methylJamino}carbonyl)benzoic acid dihydrate (9, DMSO-ds)

|
I= /O

o
OH  *2H,0

0 0.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.61.71.81.92.02.1

|
3
§
-
%
[ &
Fa
3
AFk
=

(Millions)

\ \
180 0 170 0 160 0 150 0 140 0 130 0 120 0 110 0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0

AL )

115 280\
113.907

(o] —
[o2Np] DHAOOM OCMNOOMMN~NOOD
0N o AN BAHAD O~ OO DL
© © To] L MNMMOMANNN OHOMOOMMOMM
HH — — A
X : parts per Million : 13C

S24




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

(3'aR,4'R,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-ol (10b, CDCk)
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(3aS,4S,6a5)-2,2-dimethyl-2H,3aH ,4H ,6aH-cyclopenta[d][1,3]dioxol-4-yl 4-nitrobenzoate (11a, CDJ)
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(3aS,4S,6a5)-2,2-dimethyl-2H,3aH ,4H ,6aH-cyclopenta[d][1,3]dioxol-4-yl 4-nitrobenzoate (11a, CDJ)
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(3a'S,4'S,6a'S)-4',6a'-dihydro-3a'H-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxol]-4'-yl 4-nitro-benzoate (11b, CDC)
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(3a'S,4'S,6a'S)-4',6a'-dihydro-3a'H-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxol]-4'-yl 4-nitro-benzoate (11b, CDC)
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(3aR,4S,6a5)-2,2-dimethyl-2H,3aH,4H ,6aH-cyclopentad][1,3]dioxol-4-ol (12a, CDC)
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(3aR,4S,6a5)-2,2-dimethyl-2H,3aH,4H ,6aH-cyclopentad][1,3]dioxol-4-ol (12a, CDC)
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(3'aR,4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-ol (12b, CDCk)
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(3'aR,4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-ol (12b, CDCk)
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(3aS,4R,6aS)-4-bromo-2,2-dimethyl-2H,3aH ,4H,6aH-cyclopentad][1,3]dioxole (13a, CDC})
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(3aS,4R,6aS)-4-bromo-2,2-dimethyl-2H,3aH ,4H,6aH-cyclopentad][1,3]dioxole (13a, CDC})
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(3aS,4R,6aS)-4-bromo-4,6a-dihydro-3aH-spiro[cyclohexane-1,2-cyclopental][1,3]dioxole (13b, CDCE)
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(3aS,4R,6aS)-4-bromo-4,6a-dihydro-3aH-spiro[cyclohexane-1,2-cyclopental][1,3]dioxole (13b, CDCE)

q: Br..®
hs
1 O —L©

(@]

™

o

o

o]

—

o

o

e

s

e]

s ] J

%O "“‘\"‘“““\““\‘J‘L‘“I“M‘J\‘M““““\“"“““\““““‘\‘“‘r“““\“"\"w‘d“‘\“)“‘““\“““‘“\““H“““\“““V“‘\‘L“\w“‘ \‘ “\J‘L“‘\‘r‘ I T
150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 -10.(¢

85.538—
83.660
77.31
77.000_ ¢
76.684
54,759
37.156—
35.680
24919~

23.93
23.68
-0.044—— ©-

134.084

™M35.301—
112.849—

X : parts per Million : 13

S37



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2012

2-Amino-5({[(3a'R,4'S,6a’S)-2,2-dimethyl-4,6a’-dihydro-3a’H-cyclopentald][1,3]dioxol-4-ylJamino}methyl)-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one hydrochloride (14a, CD;0OD)
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2-Amino-5({[(3a'R,4'S,6a’S)-2,2-dimethyl-4,6a’-dihydro-3a’H-cyclopentald][1,3]dioxol-4-ylJamino}methyl)-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one hydrochloride (14a, CD;0OD)
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2-Amino-5({[(3a'R,4'S,6a’S)-2,2-dimethyl-4,6a’-dihydro-3a’H-cyclopentald][1,3]dioxol-4-ylJamino}methyl)-3,7-dihydro-4H-pyrrolo[2,3-
d]pyrimidin-4-one (14a, CD;0OD)
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5-({[(3'aR, 4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-yllamino}methyl)-2-amino-3H,4H, 7H-
pyrrolo[2,3-d]pyrimidin-4-one hydrochloride (14b, CD;OD)
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5-({[(3'aR, 4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-yllamino}methyl)-2-amino-3H,4H, 7H-
pyrrolo[2,3-d]pyrimidin-4-one hydrochloride (14b, DMSO-ds)
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5-({[(3'aR, 4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-yllamino}methyl)-2-amino-3H,4H, 7H-
pyrrolo[2,3-d]pyrimidin-4-one hydrochloride (14b, CD;OD)
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5-({[(3'aR, 4'S,6'aS)-4',6'a-dihydro-3'aH-spiro[cyclohexane-1,2'-cyclopenta]][1,3]dioxole]-4'-yllamino}methyl)-2-amino-3H,4H, 7H-

pyrrolo[2,3-d]pyrimidin-4-one (14b, CD;OD)
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(3aS,4R,6aR)-2,2-dimethyl-2H,3aH,4H ,6aH-cyclopentafd][1,3]dioxol-4-ol (15, CDCE)
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(3aR,4S,6aR)-4-bromo-2,2-dimethyl-2H,3aH ,4H,6aH-cyclopentad][1,3]dioxole (16, CDC})
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2-Amino-5({[(3a’S,4'R,6a'R)-2,2-dimethyl-4,6a’-dihydro-3a’H-cyclopentald][1,3]dioxol-4-ylJamino}methyl)-3,7-dihydro-4H-pyrrolo[ 2, 3-
d]pyrimidin-4-one hydrochloride (17, CD;OD)
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2-Amino-5({[(3a’S,4'R,6a'R)-2,2-dimethyl-4,6a’-dihydro-3a’H-cyclopentald][1,3]dioxol-4-ylJamino}methyl)-3,7-dihydro-4H-pyrrolo[ 2, 3-
d]pyrimidin-4-one hydrochloride (17, CD;OD)
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