Dolichyl phosphate derivatives with a fluorescent label at an internal isoprene unit
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A general approach based on directed aldol condensation followed by reductive amination with fluorescent amines and phospho-
rylation was developed and illustrated by the synthesis of two dolichyl phosphate derivatives with the 1-aminonaphthalene fluoro-
phore at the y-isoprene unit of the chain.

The carbohydrate chains of glycoproteins are involved in mangcroleins in directed aldol condensation, which was found previ-
cellular activitie$ and are often structurally changed in disedses.ously and successfully used in the syntheses of dolichols, poly-
The biosynthesis of Asn-linked oligosaccharides on eukaryotiprenols and their analogu®s.The key step in the synthetic
glycoproteins, the O-glycosylation of fungal glycoproteins andstrategy was the construction of dolichyl-lig-acroleins through
the formation of glycosylphosphatidylinositol anchors present irthe cross-condensation of two appropriate aldehydes, one of which
numerous membrane proteins require the participation of dolichyvas used as an aldimine. The resultiBgdcrolein was subjected
phosphate (Dol-P), a derivative of a linear long-chain polyisoto reductive amination with a fluorescent amine, and the amino
prene alcohol, and its glycosylated forms as key intermediatesalcohol formed was phosphorylated.
The fluorescence methodology seems to be promising for studies This approach is illustrated by Scheme 1 where the synthesis
of molecular mechanisms of the interaction of Dol-P and itof two Dol-P analogue$é,b) with a 1-aminonaphthalene label
glycosylated derivatives with biological membrane componentsat the y-isoprene unit is shown. The aldehydoacetitavas
The synthesis of Dol-P derivatives with fluorescent labels at thesed as an aldehyde component to build the key intermediates,
w-end of the chain was reported receftiyere, we describe a (E)-acroleins3ab. Condensation af with aldimine2a8 depro-
procedure for the incorporation of fluorophores in an internatonated by treatment with LDA at —70 °C leads to acetoxy-
isoprene unit of Dol-P. acrolein3a (40%, after flash chromatography on §i@vhich

The methodology is based on the preferential formation o€ontains ~2% of the @)-isomer {H NMR data). In a similar
thermodynamically more stablE)fisomers ofx,3-disubstituted  manner, E)-acetoxyacroleir8b [~3% of the (Z)-isomer, ac-

cording to!H NMR data] was obtained in ~21% yield through

the condensation dfwith aldimine2b prepared in five synthetic
o= - steps €f. ref. 9) from a mixture of polyprenols WT,-OH
OAc isolated from birch tré@ with Cys- and Gg-prenols (=4, 5)
1 as main components.
NBu The reductive amination &a,b with 1-aminonaphthalene and
H 4 NaBH,CN (cf. ref. 11) led to amino alcohoab in 37 and
H — ~20% yields (after flash chromatography on $i@espectively.
= - To prepare fluorescent Dol-P derivativds,b were subjected

to phosphorylation with BN-H,PO,/CCI,CN!2 under condi-
tions essentially similar to those described for the synthesis of
1i’ i, i w-labeled analoguesThe resulting phosphatés,bs were iso-
lated as ammonium salts after purification by ion-exchange chro-
matography (DE-52, Ac®) in 18 and 28% yields, respectively.
As expected, they exhibited intense fluorescence with an excita-

t 3a !H NMR (CDCly) 6: 0.92 (d, 3H, MeC-10J 6.5 Hz), 1.05-1.50
(m, 5H, HC-9,11, HC-10), 1.62 (s, 12KisMe), 1.71 (s, 6Hfrans
MeC-6,16), 2.0 (m, 16H, CHC=C), 2.01 (s, 3H, MeCO), 2.25 (m, 4H,
H,C-5,1), 2.45 (td, 2H, HC-4,J, = J, = 7 Hz), 4.09 (td, 2H, kC-12,J,
7Hz,J, 2.5 Hz), 5.12 (m, 5H, HC=C), 6.43 (t, 1H, HCJ7 Hz), 9.34
(s, 1H, HC-1).23C NMR, ¢: 15.9 ¢isMe), 17.5 ¢isMeC-16), 19.3
(MeC-10), 20.9 K1eCO), 23.1 MeC-6), 24.2 (C-1, 25.5 (ransMeC-
16), 25.2, 25.6, 26.0, 26.7, 27.0, 27@H,CH=C), 29.5 (C-10), 30.6
(C-5), 35.4 (C-9), 37.1 (C-11), 39.6 JEC(Me)=C of E)-units], 62.8
(C-12), 123.2, 124.2, 124.35, 126 63+C), 131.1, (C-19, 133.2, 134.8,

HHN po \eo N 134.9,136.0 (Me=C), 143.3 (C-2), 1543 (C-3), 171.0QMe), 1949
— — == — (C-1).
/ 9 8 5 4 L OR 3b: IH NMR (CDCL) 6: 0.93 (d, 3H, MeC-10] 6.5 Hz), 1.10-1.60

2ab

m n
4ab R=H (m, 5H, HC-9,11, HC-10), 1.59 (s, 9His-Me), 1.68 (s, 19.5Hyans
V[ ab K= MeC), 2.0 (m, 33H, CKC=C, MeCO), 2.20 (m, 4H, J€-5,1), 2.45 (td,
5ab R =PQ(NH,), 2H, H,C-4,3,=J,=T7 Hz), 411 (td, 2H, KC-12,J, 7 Hz,J, 2.5 Hz),
5.15 (m, 8.5H, HC=C), 6.45 (t, 1H, HC<B7 Hz), 9.35 [s, 0.97H, HC-1
am=4n=0 of (E)-isomer], 10.10 [s, 0.03H, HC-1 aZ)-isomer].13C NMR, 6: 15.9
b m=3n=475 (cis-Me), 17.6 ¢is-Me of w-terminal unit), 19.3N1eC-10), 20.9 1eCO),

N ) . 23.1 MeC-6), 23.4 {ransMe), 24.4 (C-1), 25.6 {rans-Me of w-terminal
Scheme 1Reagents and conditionis LDA, Et,0O-hexane (1:1), -10 °& unit), 25.2, 26.3, 26.6, 26.7, 26.8, 27.0, 2TTBI{CH=C), 29.4 (C-10),

! ager neitic ELO- L), =19

- 0°C, 30min: 1 BRO, 70 C 2hy> ~20°C (25 h) i, 35% 0. 305 319, 32.1 [CC(Me)=C of @)-units], 35.3 (C-9), 37.1 (C-11),
, , 3 h, then AO/Py-DMAP, 20 °C, 4 h; iv, 1-aminonaphthalene, ~ -

NaBH,CN/AcOH-MeOH (for4a) or MeOH—ESO (for 4b), 20 °C, 92 h,  39-7 [CC(Me)=C of E)-units], 62.8 (C-12), 124.1, 124.15, 124.3,

then HCI to pH 2, 20 °C, 10 min, then NaOH/MeOH, 20 °C, 15 min; v, 124.4, 124.95, 126.6 E+C), 131.15, (ME=C of w-terminal unit), 133.2,

Bu,N-H,P0O, CCLCN/CH,Cl,, 20 °C, 48 h, chromatography on DE-52 134.8, 135.1, 135.3, 135.95 (KeC), 143.6 (C-2), 154.45 (C-3), 171.0

(AcO). (COMe), 194.9 (C-1).
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tion/emission maximum at 340/410 nm fiheptane—2-propanol,

available from different terpenolsThe use of these Dol-P ana-

4:1) and are quite similar in this respect to the derivatives dibgues is of paramount importance for studies of the interaction

Dol-P with a 1-naphthylamine residue at thend of the chath
(see ref. 13 for the excitation and emission spectra).
In preliminary biochemical tests, phosph&tewas found to

of Dol-P with biological membrane components.

This work was supported by the U.S. Civilian Research and
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thase (EC 2.4.1.83) isolated frdescherichia colit4

It is likely that the described approach to the incorporation oReferences

a fluorescent label at an internal isoprene unit of Dol-P can be1
employed for the preparation of a wide range of related deriva;,
tives starting from the corresponding aldehydes and aldimines

£ 4a 1H NMR (CDCL) 6: 0.91 (d, 3H, MeC-3] 6.6 Hz), 1.10-1.60 (m,  °
5H, H,C-2,4, HC-3), 1.65 (s, 12Hjs-Me), 1.72 (s, 6HtransMe), 2.05
(m, 18H, CHC=C), 2.27 (m, 4H, 1C-9,12), 3.20 (s, 1H, NH), 3.63 (dt,

2H, H,C-1,J; 1.5Hz,J, 6.6 Hz), 3.87 (s, 2H, C\), 5.14 (m, 5H,
HC=C), 5.45 (t, 1H, HC-1Q] 6.7 Hz).13C NMR, 6: 16.0, 16.1¢is-Me),
17.6 €is-MeC-27), 19.5 KeC-3), 23.4 MeC-7), 25.1, 25.3, 26.2, 26.6,
26.7, 27.2 CH,CH=C), 25.7 {ransMeC-27), 29.2, 29.4 (C-3,12), 31.8
(C-8), 37.4 (C-4), 39.7GH,C(Me)=C of E)-units], 39.8 (C-2), 50.0
(CN), 61.1 (C-1), 123.8, 124.2, 124.4, 125.5, 125.55, 1270=@), 6
131.2 (C-27), 134.2, 134.6, 135.0, 135.4, 136.2¢Me). Signals for
1-aminonaphthalene fragment are not shown. 7

4b: 1H NMR (CDCly) 6: 0.90 (d, 3H, MeC-3] 6.5 Hz), 0.95-1.55 (m,
5H, H,C-2,4, HC-3), 1.57 (s, 9H:is-Me), 1.65 (s, 19.5HtransMe), )
2.01 (m, 32H, CHC=C), 2.20 (m, 4H, bC-9,12), 3.20 (s, 1H, NH),
3.70 (dt, 2H, HC-1,J; 1.5 Hz,J, 6.6 Hz), 3.87 (s, 2H, }CN), 5.13 (m, 9
8.5H, HC=C), 5.53 (t, 1H, HC-1@ 6.7 Hz).13C NMR, ¢: 16.0 €is-
Me), 17.7 ¢is-Me of w-terminal unit), 19.5NeC-3), 23.4 {ransMe),
25.7 transMe of w-terminal unit), 25.1, 26.2, 26.4, 26.6, 26.7, 27.0 10
(CH,CH=C), 29.1 (C-3), 29.6 (C-12), 31.8, 31.9, 3ZTH}C(Me)=C of 11
(2)-units], 37.4 (C-4), 39.7GH,C(Me)=C of E)-units], 39.8 (C-2), 12
50.0 (CN), 61.0 (C-1), 123.8, 124.1, 124.2, 124.3, 124.7, 124.9, 125.6,
125.7, 127.1, 128.8 (€EC), 131.2 (ME€=C of w-terminal unit), 134.2, 13
134.6, 135.15, 135.2, 135.3, 135.7, 136.0@E). Signals for 1-amino-
naphthalene fragment are not shown.
§ Ba UV, A,,/nm: 252, 335¢..,c 18000, 5500. ESI-MSwz 716 [M
(free acid) — Ht.

5b: UV, Aa/nm: 252, 335¢,,.« 18500, 50008P NMR (CD;0OD-
CDCl,, 1:2)0: 2.25.

1H and13C NMR spectra obab are similar to the spectra dhb
except for signals of HC-1 (3.90 and 3.85 farand5b, respectively)
and C-1 (64.0 and 63.8 féa and5b, respectively).

14

A. Varki, Glycobiology 1993,3, 97.

I. Brockhausen, J. S. Schutzbach and W. Kuliwsa Anatom 1998,
161, 36.

F. W. Hemming, ifNew Comprehensive Biochemiseys. J. Montreuil,

H. Schachter and J.F. G. Vliegenthart, Elsevier, Amsterdam, 1995,
vol. 29a, p. 127.

V. N. Shibaev, V. V. Veselovsky, A. V. Lozanova, S.D. Maltsey, L. L.
Danilov, W.T. Forsee, J.Xing, H.C.Cheung and M. J. Jedrzejas,
Bioorg. Med. Chem. Let{t2000,10, 189.

N. Ya. Grigorieva, E. P. Prokof’ev and A. V. SemenovdRgkl. Akad.
Nauk SSSR1979,245 366 Pokl. Chem(Engl. Transl), 1979,245
112].

N. Ya. Grigorieva, V. V. Veselovsky and A. M. Moiseenkokhim.-
Farm. Zh, 1987,21, 845 (in Russian).

N. Ya. Grigorieva and O. A. Pinskadsp. Khim, 1994,63, 177 Russ.
Chem. Rey.1994,63, 169).

N. Ya. Grigorieva, |. M. Avrutov and A. V. SemenovsKigtrahedron
Lett, 1983,24, 5531.

N. Ya. Grigorieva, O. A. Pinsker, E. D. Daeva and A. M. Moiseenkov,
Izv. Akad. Nauk SSSR, Ser. Khi®91, 2325Kull. Acad. Sci. USSR,
Div. Chem. Scj.1991,40, 2037).

A. R. Wellburn and F. W. Hemminglature 1966,212, 1364.

A. Schepartz and R. Breslodv,Am. Chem. Sqc1987,109, 1814.

L. L. Danilov, T.N. Druzhinina, N. A. Kalinchuk, S.D. Maltsev and
V. N. ShibaevChem. Phys. Lipids989,51, 191.

J. Xing, W. T. Forsee, E. Lamani, S.D. Maltsey, L. L. Danilov, V. N.
Shibaev, J. S. Schutzbach, H. C. Cheung and M. J. JedRi&jekemistry
submitted.

J. S. Schutzbach, J. W. Zimmerman and W. T. ForieBjol. Chem
1993,268, 24190.

Received: 28th December 1999; Com. 99/1583

Mendeleev CommunicationElectronic Versionlssue 3, 2000 (pp. 83-124)



