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Stereoselective synthesis of the dolichyl phosphate derivatives WT3C,S—OP and
WT,Cs 7S—OP* containing the 1-naphtylamino group in the y-isoprene unit of the chain was
performed. The synthetic scheme includes directed aldol condensation to construct (£)-o,B-di-
substituted acroleins, their reductive amination with 1-aminonaphthalene, and phosphoryla-

tion of the resulting amino alcohols.
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The important role of dolichyl phosphate (Dol—P)
and its derivatives in the biosynthesis of carbohydrate
chains of glycoproteins accounts for the enhanced inter-
est aroused in recent years in the molecular mechanisms
of interaction of these compounds with components of
biological membranes and enzymes participating in the
assembly of carbohydrate chains. The use of fluores-
cence methods appears promising in this respect. The
first syntheses of Dol—P derivatives containing fluoro-

* In accordance with the abbreviations accepted in the chemis-
try of polyprenols and dolichols, W means terminal, T means
internal (F), and C means internal (Z) isoprene units; S is the
dihydroisoprene unit.

phoric groups in the w-unit of the polyisoprene chain
were described recently.!

The use of (FE)-o,B-disubstituted acroleins of type 1,
which are known intermediates in the total synthesis of
dolichols, is expedient for the introduction of a fluores-
cent label into internal units of the polyisoprene chain of
Dol—P.2:3 Indeed, there are strong grounds to believe
that reductive amination of aldehydes 1 with fluorescing
amines and subsequent phosphorylation of the resulting
amino alcohols of type 2 could be used to prepare the
target Dol—P derivatives (3) containing a fluorescent
label in an internal unit of the chain (Scheme 1). The
position of the label would be determined by the struc-
ture of (E)-acrolein 1.
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The present study* is devoted to the synthesis of
Dol—P derivatives containing a fluorescent label in the
methyl group of the y-isoprene unit of the chain, namely,
11’-(1-naphthylamino) derivatives of dolichyl phosphate
WT;C,S—OH (3a) and a mixture of dolichyl phosphates
3b, obtained from the polyprenols of birch wood.5 The
choice of the 1-naphthylamine residue as the fluorophore
was due to the encouraging results obtained in the first
biophysical assays of Dol—P derivatives containing this
group in the o-unit of the polyisoprene chain.!

In accordance with the chosen methodology, the
starting compounds used for the synthesis of racemic
dolichyl phosphates 3a,b were aldimines 4a,b and race-
mic acetoxy aldehyde 5, which was easily prepared from
2,3-dihydro-6(Z)-farnesyl acetate! (Schemes 2 and 3).
Aldimine 4a was synthesized as described previously2-3
from the commercially available 6(F),10(E)-geranyl-
linalool. Aldimine 4b was prepared from a mix-
ture of polyprenols (6) isolated from birch wood.
According to HPLC, this mixture contains poly-
prenols WT,C,—OH, WT,C;—OH, WT,C¢—OH, and
WT,C;—OH in 1 : 1 : 0.13 : 0.02 ratio. (Below this
mixture is referred to as WT,C4 s—OH.)

Successive treatment of polyprenols 6 (Scheme 2)
with BuLi and TsCl in an Et,O—HMPA mixture
(~2.5 : 1) at 0 °C yielded the corresponding tosylates,
which were converted without isolation into phenyl sul-
fides 7 upon treatment with PhSLi. Alkylation of these
products with 3-bromopropanal ethylene acetal (8) gave
rise to 4-phenylthio acetals 9, whose reductive desulfur-
ization yielded acetals 10. Hydrolysis of acetals afforded
aldehydes 11, which were converted into fert-butylimines
4b in an overall yield of 39%.

Imines 4a,b were deprotonated with LDA and con-
densed with aldehyde 5 (Scheme 3); subsequent treat-
ment of the reaction products with 3.5% HCI resulted in

* For preliminary communication, see Ref. 4.
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Reagents and conditions: (a¢) BuLi/hexane—Et,O—HMPA, 0 °C,
then TsCI/HMPA, 0 °C, then PhSLi/HMPA, 0 °C—20 °C;
(b) BuLi/THF, —70 °C, then BrCH,CH,CH(OCH,), (8),

—70 °C; (c) Li/NH;, —40 °C; (d) H;0*; (¢) Bu'NH,, molecu-
lar sieves 4A/Et,0, ~20 °C.

a mixture of acetoxy (FE)-acroleins (1a,b) and hydroxy
(E)-acroleins (12a,b), which were separated by flash
chromatography. The contents of (Z)-isomers in 1a,b
and 12a,b did not exceed 3%, as indicated by the
integral intensities of the signals of the CHO-group
protons for (E)- and (Z)-isomers in the 'H NMR spectra
(8 9.35 and 10.0, respectively). Upon acetylation under
standard conditions, acroleins 12a,b were quantitatively
converted into acetates la,b in overall yields of
40 and 21%.

The attempts to convert acrolein 1a into aldimine by
the reaction with 1-naphthylamine in Et,O or in THF in
the presence of molecular sieves 4 A for 8 h at ~20 °C, or
even for 20 h in boiling THF were unsuccessful. The
attempts to perform reductive amination of la by a
mixture of 1-naphthylamine with NaBH(OAc); by a
known procedure® or with ZnBH, on SiO, by a known
procedure’ also failed.
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Reagents and conditions: (a) LDA/Et,O—hexane (1 : 1), =70 °C — —20 °C, 2.5 h, then ~20 °C, 16 h, then 3.5% HCI, 3 h;
(b) Ac,0/Py/DMAP; (c) 1-naphthylamine, NaBH3;CN, AcOH/MeOH for 1a or AcOH/MeOH—Et,0 for 1b, then NaOH;

(d) (BuyN)H,PO,, CCI3CN/CH,Cl,, 20 °C, 48 h.

The use of NaBH;CN as the reducing agent in this
reaction carried out under the conditions recommended
previously8 gave amino alcohol 2a and diol 13a in 38
and ~10% yields, respectively. The reductive amination
of acrolein 1b, poorly soluble in MeOH, in an
Et,0—MeOH mixture (1 : 2) yielded amino alcohol 2b
(~20%) and diol 13b (32%).

The structures of previously unknown compounds
1a,b, 2a,b, 4b, 7, 9—11, 12a,b, and 13a,b were con-
firmed by the data from IR and 'H NMR and 13C NMR
spectroscopy, which are in good agreement with the
results obtained previously for related structures2:3:9 and
with a calculation based on increments.

In the analysis of the 'TH NMR spectra of amino
alcohols 2a,b, it was found that the signals of the
protons at the N and C(10) atoms appeared as two
resonance bands with close chemical shifts, whose total
intensity corresponded to one proton. Doubling of reso-
nance signals can also be seen in the 13C NMR spectra
of compounds 2a,b for some atoms of the naphthalene
unit, viz., C(1), C(2), C(4), C(5), and C(6), and for the
C(11’") atom of the polyprenol residue. These findings
may imply hindered rotation around the C—N bond in
amino alcohols 2a,b. It should be noted that this effect is
less pronounced for amino alcohols 2b, in which the
1-aminonaphthalene substituent is located near the
(Z)-isoprene ring.

Phosphorylation of compounds 2a,b was performed
by a method that had been previously used success-
fully for the synthesis of several polyprenyl and
dolichyl phosphates®1! and is based on treatment with
(BuyN)H,PO,/CCI;CN. In the case of amino alcohols
2a,b, a much larger excess of the phosphorylating re-
agent and longer reaction times were required (cf. Ref. 1).
The ammonium salts of phosphates 3a,b were isolated
using a procedure similar to a procedure reported previ-
ously,! namely, distribution of the reaction products
between n-butyl alcohol and water, conversion of the
phosphates present in the organic phase into the ammo-
nium salts by treatment with NH4OH and an excess of a
cation-exchange resin, anion-exchange chromatrography
on DEAE cellulose (AcO™) using a solution of AcCONH,
in MeOH as the eluent, and removal of excess ACONH,
by precipitation with toluene. The products 3a,b thus
obtained were homogeneous compounds according to
TLC; they rapidly decomposed on storage in the solid
state but were stable in solutions. For storage and char-
acterization of the products, we used solutions in a
heptane—propan-2-ol mixture; the concentration of the
compounds was determined from the content of the
inorganic phosphate after incineration by HCIOy,.

The structure of phosphates 3a,b was confirmed by
physicochemical data. UV spectra correspond to those
expected for the 1-aminonaphthalene chromophore. As
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expected, phosphates 3a,b exhibit intense fluorescence
with the excitation maximum at 340 nm and the emis-
sion maximum at 410 nm in a solution in an n-hex-
ane—propan-2-ol mixture (~4 : 1). The 3P NMR spec-
tra of compounds 3a,b contain only one signal at about
8 2—3, corresponding to phosphoric monoester. The 'H
and 13C NMR spectra of phosphates 3a,b are similar to
the spectra of amino alcohols 2a,b; the observed differ-
ences are in the chemical shifts of H(1) and C(1), which
are typical of polyprenyl phosphates compared with
polyprenols.!! In the mass spectra of compound 3a,
recorded with electrospray ionization (ESI), the main
signals correspond to the molecular ion of the corre-
sponding acid (m/z 716 for the negative-ion spectrum
and 718 for the positive-ion spectrum).

Experimental

UV spectra were recorded on a Specord UV-Vis spectro-
meter, IR spectra were measured on a Perkin—Elmer 577
spectrometer in solutions in CCly or CDCl5. 'H and 13C NMR
spectra were run in CDCIlj; with respect to MeySi on Bruker
AC-200 and Bruker DRX-500 spectrometers (!H, 200 and
500 MHz; 13C, 50.3 and 125.8 MHz, respectively); 3P NMR
spectra were measured with respect to 85% H3;PO, (external
standard, Bruker DRX-500 instrument, operating frequency for
phosphorus 202.5 MHz). EI mass spectra were obtained on a
Varian MAT 311A spectrometer at 70 eV (for m/z < 200, peaks
with relative intensity of >10% are given). Preparative flash
chromatography was performed on silica gel L 40—100 um
(Chemapol, Czechia), TLC was carried out on Silufol plates
(Kavalier, Czechia) in the following systems: benzene (A),
hexane—ButOMe (2 : 1) (B), hexane—Bu'OMe (1 : 1) (O),
hexane—ButOMe (2 : 3) (D) or on Silica Gel 60 (Merck,
Germany) plates (5%2 cm) in the CHCl3;—MeOH—H,O sol-
vent system (60 : 25 : 4) (E). Fluorescence of compounds on the
plates was detected under a UV lamp; unsaturated compounds
were visualized by KMnOy or iodine vapor, phosphates were
detected using the Vaskovsky spray reagent!? with subsequent
heating of the plates. Analytical and preparative HPLC were
carried out on Silasorb C-8 columns (250%24 mm, 10 um)
using an acetonitrile—acetone (4 : 1) mixture as the eluent and
a refractometric detector; the eluent flow rate was 7 mL min~!.
Column anion-exchange chromatography of the phosphates was
carried out on DE-52 DEAE cellulose (Whatman, UK). Colori-
metric determination of the phosphates was done using a re-
agent described previouslyl3 after heating of the sample for
15 min at 200 °C with 57% perchloric acid.

The sample of birch polyprenols 6 was kindly provided by
A. V. Kuchin (Komi Scientific Center, Ural Branch of the
RAS). Components of the mixture were identified by HPLC
under the conditions mentioned above with comparison with
authentic samples of individual polyprenols.

Experiments with the use of BuLi were carried out under
argon using glassware heated at 160 °C for 12 h and cooled in
an argon flow.

The main solvents were purified as follows: diethyl ether
and THF were kept over KOH, distilled successively from Na
and from LiAlHy, refluxed under argon with benzophenone Na
ketyl until a persistent blue color appeared, and distilled directly
into the reaction vessels. Hexane and benzene were distilled
from Na. HMPA (Fluka) was distilled in vacuo.

The usual workup of organic extracts involves washing until
the pH of the wash water was ~5, drying with MgSQOy4, and
concentration in vacuo.

Phenyl polyprenyl sulfide (7). A 1.36 M solution of BuLi
(12 mL, 16.3 mmol) in hexane was added dropwise at 0 °C to a
stirred solution of a mixture of polyprenols 6 (5.83 g, ~11 mmol)
in 40 mL of HMPA and 170 mL of diethyl ether, the mixture
was stirred for 10 min, and a solution of TsCl (2.67 g, 14 mmol)
in 30 mL of HMPA was added dropwise at the same tempera-
ture. The mixture was stirred for 2 h at 0 °C and a solution of
PhSLi, prepared from Li (0.11 g) and PhSH (1.56 g) in 35 mL
of HMPA by a standard procedure, was added dropwise at the
same temperature. The mixture was warmed to ~20 °C, stirred
for an additional 2 h, and poured into a vigorously stirred
mixture of 150 mL of ice water and 150 mL of Bu'‘OMe. The
resulting mixture was stirred for 15 min and the layers were
separated. The aqueous layer was extracted with Bu'OMe. The
usual workup of the combined extracts gave 7.0 g of a mixture
of products, which was chromatographed on 150 g of SiO,.
Gradient elution (hexane — benzene) gave sulfide 7. After
drying in vacuo to a constant mass (1.5 Torr, 6 h), the yield was
4.73 g (73%), R; 0.72 (A), 0.66 (B). IR, v/cm™!: 3080, 3060,
3040, 2965, 2925, 2860, 2730 (w), 2380 (br.), 1665, 1585, 1480,
1450, 1440, 1380, 1095, 1030, 845, 745, 700. 'TH NMR, §&: 1.66
(s, 9 H, cis-Me); 1.73 (s, 13.5 H, trans-Me); 1.75 (s, 3 H,
MeC(3)); 2.07 (m, 26 H, CHjy); 3.60 (d, 2 H, H,C(1),
J =7.5 Hz); 5.16 (m, 6.5 H, HC=C); 5.38 (t, 1 H, HC(2),
J=17.5Hz); 7.3 (m, 5 H, Ph). 13C NMR, &: 16.0 (cis-Me); 17.7
(cis-Me of w-units); 23.4 (trans-Me); 25.7 (trans-Me of ®-units);
26.3, 26.4, 26.6, 26.7 (CH,CH=C); 31.6, 31.8, 32.0, 32.2
(H,CC(Me)=C of (2)-units); 39.7 (H,CC(Me)=C of (£)-units);
124.1, 124.2, 124.4, 124.6, 124.9, 125.8 (HC=C); 131.2
(MeC=C of w-units); 134.9, 135.1, 135.2, 135.3, 135.6
(MeC=C); 139.9 (C(3)).

4-(Phenylthio)trishomopolyprenal ethylene acetal (9). Tet-
rahydrofuran (140 mL) was added to a solution of sulfide 7
(4.73 g, 7.63 mmol) in 10 mL of THF dried for 2 days over
molecular sieves 4 A under argon. The mixture was cooled with
stirring to —70 °C and a 1.36 M solution of BuLi (11 mL,
~15 mmol) in hexane was added over a period of 30 min. The
mixture was stirred for 4 h at —70 °C and a solution of bromide
814 (3.26 g, 18 mmol) was added over a period of 20 min at the
same temperature. The reaction mixture was stirred for 2 h,
allowed to stand for 12 h at —20 °C, and poured into a
vigorously stirred mixture of 150 mL of water and 150 mL of
Bu'OMe. The resulting mixture was stirred for 10 min, the
organic layer was separated, and the aqueous layer was extracted
with Bu'OMe. The usual workup of the combined organic
extracts gave 7.5 g of a mixture of products, from which excess
bromide 8 was distilled off in vacuo (1 Torr), and the residue
was chromatographed on 100 g of SiO,. Gradient elution
(hexane — benzene) yielded acetal 9, which was dried to a
constant mass in vacuo (1 Torr, 5 h), yield 3.21 g (~60%),
Ry 0.44 (A4). IR, v/em™L: 3040, 2960, 2930, 2860, 2740, 1665,
1580, 1480, 1450, 1440, 1380, 1130, 1095, 1040, 1030, 845,
710, 685. 'H NMR, &: 1.58 (s, 9 H, cis-Me); 1.70 (s, 16.5 H,
trans-Me); 1.85 (m, 4 H, H,C(2), H,C(3)); 2.03 (m, 26 H,
CH,); 3.85 (m, 5 H, CH,0, HC(4)); 4.85 (t, 1 H, HC(1),
J = 4.5 Hz); 5.12 (m, 7.5 H, HC=C); 7.35 (m, 5 H, Ph).
13C NMR, &: 15.9 (cis-Me); 17.6 (cis-Me of w-units); 23.1,
23.3, 23.4 (trans-Me); 25.6 (trans-Me of w-units); 26.0, 26.4,
26.6, 26.7, 27.0 (CH,CH=C); 29.75 (C(3)); 31.6, 31.9, 32.1,
32.2, 32.3 (H,CC(Me)=C of (2)-units); 39.7 (H,CC(Me)=C of
(E)-units); 46.7 (C(4)); 64.8 (CH,0); 104.2 (C(1)); 124.1,
124.2, 124.3, 124.9, 127.1, 133.6 (HC=C); 131.15 (MeC=C of
w-units); 134.65, 135.1, 135.2, 135.4 (MeC=C); 138.3(C(6)).
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Trishomopolyprenal ethylene acetal (10). A solution of
compound 9 (3.11 g, 4.32 mmol) in 5 mL of diethyl ether was
added dropwise at —50 °C to a stirred solution of Li (250 mg) in
70 mL of liquid NH3, the mixture was stirred for 5 h at —40 °C,
then NH4Cl was added until the solution decolorized, and NHj3
was evaporated. Water (40 mL) and Bu'OMe (40 mL) were
added to the residue, the mixture was stirred for 10 min, the
organic layer was separated, and the aqueous layer was extracted
with Bu'OMe. The usual workup of the combined organic
extracts gave 3.06 g of a mixture of products, which was
chromatographed on 100 g of SiO,. Gradient elution (hex-
ane — benzene) gave 2.36 g (~90%) of acetal 10, R; 0.50 (4).
IR, v/cm™1: 3040, 2965, 2930, 2860, 2360 (br), 1450, 1440,
1380, 1140, 1040, 945, 840. 'H NMR, &: 1.50 (m, 2 H,
H,C(3)); 1.60 (s, 9 H, cis-Me); 1.65 (m, 2 H, H,C(2)); 1.69 (s,
16.5 H, trans-Me); 2.08 (m, 28 H, CH,); 3.90 (m, 4 H, CH,0);
4.86 (t, 1 H, HC(1), J = 5 Hz); 5.15 (m, 7.5 H, HC=C).
I3C NMR, &: 15.9 (cis-Me); 17.6 (cis-Me of w-units); 23.35
(trans-Me); 25.6 (trans-Me of w-units); 24.3, 26.4, 26.6, 26.7,
27.55 (CHy); 31.9, 32.2 (H,CC(Me)=C of (2)-units); 33.5
(C(2)); 39.7 (H,CC(Me)=C of (£)-units); 64.75 (CH,0); 104.6
(C(1)); 124.1, 124.2, 124.4, 124.9, 125.0, 128.25 (HC=C); 131.1
(MeC=C of w-units); 134.8, 135.1, 135.2, 135.4 (MeC=C).

Trishomopolyprenal (11). A solution of 0.07 mL of concen-
trated H,SO,4 in 15 mL of water was added to a solution of
acetal 10 (2.32 g, 3.8 mmol) in 120 mL of acetone stirred under
argon, and the mixture was refluxed for 5 h. The reaction
mixture was cooled and neutralized with Na,CO3, acetone was
evaporated in vacuo, and the aqueous residue was extracted with
ButOMe. The usual workup of the combined organic extracts
gave 2.16 g (~100%) of an oily aldehyde 11 containing ~5%
acetal 10 (IH NMR data). This mixture was used in the
synthesis of imine 4b without further purification. Aldehyde 11,
R; 0.51 (A). IR, v/cm™!: 3040, 2980, 2930, 2860, 2720, 1730,
1660, 1450, 1400, 1380, 1120, 1090, 1040, 840, 690. 'H NMR,
8:1.58 (s, 9 H, cis-Me); 1.63 (m, 2 H, H,C(3)); 1.69 (s, 16.5 H,
trans-Me); 2.08 (m, 28 H, CH,); 2.42 (td, 2 H, H,C(2),
J1 =17.5 Hz, J, = 1.5 Hz); 5.13 (m, 7.5 H, HC=C); 9.75 (t,
1 H, CHO, J = 1.5 Hz). 13C NMR, &: 15.9 (cis-Me); 17.6
(cis-Me of w-units); 22.4 (C(3)); 23.4 (trans-Me); 25.6 (trans-Me
of w-units); 26.2, 26.4, 26.6, 26.7, 27.0 (CH,CH=C); 31.9, 32.1
(H,CC(Me)=C of (£)-units); 39.7 (H,CC(Me)=C of (£)-units);
43.35 (C(2)); 124.1, 124.2, 124.3, 124.95 (HC=C); 131.1
(MeC=C of w-units); 134.8, 135.05, 135.1, 135.2, 136.3
(MeC=C); 202.4 (C(1)).

Trishomopolyprenal N-zert-butylimine (4b). Molecular sieves
4 A (2.2 g) and tert-butylamine (1 mL) were added to a solution
of aldehyde 11 (2.16 g, 3.8 mmol) in 50 mL of diethyl ether and
the mixture was stirred for 10 h. The molecular sieves were
filtered off and thoroughly washed with diethyl ether. The
filtrate was concentrated and the residue was dried in vacuo to a
constant mass (1 Torr, 5 h) to give 2.36 g (~100%) of aldimine
4b containing ~5% acetal 10 ({H NMR data). The solution of
the resulting imine 4b in 5 mL of diethyl ether was kept for
2 days over molecular sieves 4 A at 4 °C and used in the
synthesis of 1b without further purification. Aldimine 4b, IR,
v/em™!: 3160, 3040, 2970, 2930, 2860, 2740, 2260, 2200, 1720,
1665, 1450, 1380, 1220, 1110, 1095, 1040, 930, 890, 850, 700,
660, 650. 'TH NMR, &: 1.15 (s, 9 H, Me3C); 1.60 (m, 2 H,
H,C(3)); 1.65 (s, 9 H, cis-Me); 1.72 (s, 16.5 H, trans-Me); 2.05
(m, 28 H, CH,); 2.26 (m, 2 H, H,C(2)); 5.11 (m, 7.5 H,
HC=C); 7.60 (t, 1 H, HC(1), J/ = 5 Hz). 13C NMR, &: 16.0
(cis-Me); 17.7 (cis-Me of w-units); 23.35 (trans-Me); 25.6
(trans-Me of o-units); 26.3, 26.5, 26.6, 26.8, 27.3 (CH,CH=C
and C(3)); 29.6 (Me;C); 31.9, 32.1 (H,CC(Me)=C of (Z)-units);
36.15 (C2)); 39.7 (H,CC(Me)=C of (E)-units); 56.5 (Me3C);

124.0, 124.1, 124.3, 124.7, 124.9, 125.0 (HC=C); 131.2
(MeC=C of w-units); 134.9, 135.2, 135.3, 135.6 (MeC=C);
199.1 (C(1)).

12-Acetoxy-6,10-dimethyl-2-(4,8,12,16-tetramethylhepta-
deca-3(FE),7(E),11(E),15-tetraenyl)dodeca-2(E),6(Z)-dienal
(1a) and 12-hydroxy-6,10-dimethyl-2-(4,8,12,16-tetramethyl-
heptadeca-3(F),7(FE),11(E),15-tetraenyl)dodeca-2(E),6(Z)-
dienal (12a). A solution of imine 4a 23 (4.21 g, 11 mmol) in
10 mL of diethyl ether was added dropwise at —10 °C over a
period of 1 h to a stirred solution of LDA (12 mmol), freshly
prepared from BuLi and Pri,NH by a standard procedure, in
20 mL of a mixture of hexane and diethyl ether (1 : 1). The
bright-yellow reaction mixture was warmed up to 0 °C, stirred
for 40 min, and cooled to —70 °C. A solution of acetoxy
aldehyde 5 1 (2.09 g, 8.7 mmol) in 10 mL of diethyl ether was
added dropwise, and the mixture was stirred for 2 h at —70 °C,
warmed up to —20 °C over a period of 2.5 h, and allowed to
stand for 16 h at 20 °C. The reaction mixture was poured into a
vigorously stirred mixture of 50 mL of 3.5% HCI and 50 mL of
ButOMe, the resulting mixture was stirred for 3 h, the organic
layer was separated, and the aqueous layer was extracted with
Bu'OMe. The usual workup of the combined organic extracts
gave 5.18 g of a mixture of products as a yellow oil, which was
chromatographed on 100 g of SiO,. Gradient elution (hex-
ane — benzene — Bu'OMe) gave 0.45 g of acetoxy acrolein 1a,
0.44 g of a mixture (~1 : 1) of 1a with hydroxy acrolein 12a, and
0.87 g of compound 12a.

Pyridine (0.5 mL), Ac,O (0.38 mL), and DMAP (30 mg)
was added with stirring at 0 °C to a solution of the obtained
mixture la+12a and 12a in 5 mL of diethyl ether, the mixture
was stirred for 4 h at ~20 °C and poured into 5 mL of ice water,
and the resulting mixture was stirred for 10 min and extracted
with Bu'OMe. The usual workup of the combined extracts gave
1.37 g of acetoxy acrolein 1a, identical with the above-men-
tioned sample, according to spectral data. The total yield of 1a
is 1.82 g (~40%). Acetoxyacrolein 1a, R; 0.87 (D). IR, v/cm™!:
3025, 3005, 2975, 2935, 2860, 2740, 2720, 1735, 1680, 1640,
1450, 1380, 1370, 1260, 1240, 1215, 1150, 1110, 1060, 1035,
980, 900, 840. 'H NMR, &: 0.92 (d, 3 H, MeC(10), J = 6.5 Hz);
1.05—1.50 (m, 5 H, H,C(9), H,C(11), HC(10)); 1.62 (s, 12 H,
cis-Me); 1.71 (s, 6 H, trans-Me); 2.0 (m, 16 H, CH,C=C); 2.01
(s, 3 H, MeCO); 2.25 (m, 4 H, H,C(5), H,C(1")); 2.45
(pseudo-q, 2 H, H,C#4), J; = J, = 7 Hz); 409 (td, 2 H,
H,C(12), J; =7 Hz, J, = 2.5 Hz); 5.12 (m, 5 H, HC=C); 6.43
(t, 1 H, HC(3), J = 7 Hz); 9.34 (s, 1 H, HC(1)). 13C NMR,
8: 15.9 (cis-Me); 17.5 (cis-MeC(167)); 19.3 (MeC(10)); 20.9
(MeCO); 23.1 (MeC-6); 24.2 (C(17)); 25.5 (trans-MeC(16"));
25.2, 25.6, 26.0, 26.7, 27.0, 27.3 (CH,CH=C); 29.5 (C(10));
30.6 (C(5)); 35.4 (C(9)); 37.1 (C(11)); 39.6 (H,CC(Me)=C of
(E)-units); 62.8 (C(12)); 123.2, 124.2, 124.35, 126.6 (HC=C);
131.1 (C(167)); 133.2, 134.8, 134.9, 136.0 (MeC=C); 143.3
(C(2)); 154.3 (C(3)); 171.0 (COMe); 194.9 (C(1)). MS (EI,
70 eV), m/z: 492 [M — AcOH]*. Hydroxyacrolein 12a, Ry 0.60
(D). IR, v/ecm™!: 3620, 3480, 3030, 3005, 2970, 2930, 2860,
2730, 1720, 1680, 1640, 1450, 1380, 1265, 1255, 1240, 1145,
1115, 1080, 1060, 1000, 990, 900, 870, 850. 'H NMR, &: 0.92
(d, 3 H, MeC(10), J =6.45 Hz); 1.05—1.55 (m, 5 H, H,C(9),
H,C(11), HC(10)); 1.60 (s, 12 H, cis-Me); 1.69, 1.72 (both s,
each 3 H, frans-Me); 2.02 (m, 16 H, CH,C=C); 2.25 (m, 4 H,
H,C(5), H,C(1")); 2.46 (pseudo-q, 2 H, H,C4), J; =
J, =17.5Hz); 3.70 (td, 2 H, H,C(12), J; = 6.7 Hz, J, = 2.5 Hz);
5.12 (m, 5 H, HC=C); 6.45 (t, 1 H, HC(3), J/ = 7.5 Hz); 9.38
(s, 1 H, CHO). MS (EI, 70 eV), m/z: 510 [M]*.

Acetoxyacrolein (1b). Condensation of aldimine 4b (2.35 g,
3.8 mmol) with aldehyde 5 (0.91 g, ~4 mmol) under the
conditions described above gives 0.40 g of acetoxyacrolein 1b
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and 0.23 g of a ca. 3 : 1 mixture of 1b and 12b, which was
converted into 0.24 g of compound 1b as described above.
Acetoxyacrolein 1b, yield 21%, R 0.26 (4). UV (EtOH), A/nm
(e): 212.8 (30600), 214.4 (31000), 236.2 (11400). IR, v/cm™!:
3040, 2970, 2920, 2860, 2740, 2720, 1740, 1690, 1680, 1640,
1450, 1380, 1370, 1335 (w), 1315 (w), 1240, 1135, 1090, 1060,
1040, 990, 975, 960, 900, 850. 'H NMR, &: 0.93 (d, 3 H,
MeC(10), J = 6.5 Hz); 1.10—1.60 (m, 5 H, H,C(9), H,C(11),
HC(10)); 1.59 (s, 9 H, cis-Me); 1.68 (s, 19.5 H, trans-Me); 2.0
(m, 33 H, CH,C=C, MeCO); 2.20 (m, 4 H, H,C(5), H,C(1"));
2.45 (pseudo-q, 2 H, H,C(4), J; = J, =7 Hz); 4.11 (td, 2 H,
H,C(12), J; = 7 Hz, J, = 2.5 Hz); 5.15 (m, 8.5 H, HC=C);
6.45 (t, 1 H, HC(3), J = 7 Hz); 9.35 (s, 0.97 H, HC(1) of
(E)-isomer); 10.10 (s, 0.03 H, CHO of (Z)-isomer). 13C NMR,
8. 15.9 (cis-Me); 17.6 (cis-Me of w-units); 19.3 (MeC(10));
20.9 (MeCO); 23.1 (MeC(6)); 23.4 (trans-Me); 24.4 (C(1"));
25.6 (trans-Me of w-units); 25.2, 26.3, 26.6, 26.7, 26.8, 27.0,
27.3 (CH,CH=C); 29.4 (C(10)); 30.5, 31.9, 32.1 (H,CC(Me)=C
of (2)-units); 35.3 (C(9)); 37.1 (C(11)); 39.7 (H,CC(Me)=C of
(E)-units); 62.8 (C(12)); 124.1, 124.15, 124.3, 124.4, 124.95,
126.6 (HC=C); 131.15 (MeC=C of w-units); 133.2, 134.8,
135.1, 135.3 135.95 (MeC=C); 143.6 (C(2)); 154.45 (C(3));
171.0 (COMe); 194.9 (C(1)).
3,7,15,19,23,27-Hexamethyl-11-(1-naphthylamino)methyl-
octacosa-6(2),10(E),14(E),18(E),22(F),26-hexaen-1-0l (2a)
and 11-hydroxymethyl-3,7,15,19,23,27-hexamethyloctacosa-
6(2),10(E),14(E),18(F),22(E),26-hexaen-1-0l (13a). Acetic
acid (0.033 mL), acrolein 1a (320 mg, 0.58 mmol), and
NaBH3;CN (Fluka) (59.8 mg, 0.95 mmol) were added succes-
sively to a solution of 1-naphthylamine (165.9 mg, 1.16 mmol)
in 2 mL of anhydrous MeOH stirred under argon at ~20 °C. The
mixture was stirred for 92 h, concentrated HCl was added
dropwise to pH 2, the mixture was stirred for 10 min, NaOH
(0.6 g) was added to pH 10, the mixture was stirred for an
additional 15 min, and MeOH was evaporated in vacuo. Water
(5 mL) was added to the residue and the product was extracted
with ButOMe. The usual workup of the combined extracts gave
0.36 g of a mixture of products as a red oil, which was
chromatographed on 20 g of SiO,. Gradient elution (hex-
ane — benzene — Bu'OMe) yielded 140 mg (37%) of amino
alcohol 2a and 20 mg (8%) of diol 13a. Amino alcohol 2a,
Ry 0.45 (C). IR, v/em™!: 3610, 3060, 2965, 2930, 2860, 2740
(w), 1585, 1530, 1480, 1460, 1450, 1410, 1380, 1280, 1250,
1120, 1060, 930, 850, 790, 780. 'H NMR, &*: 0.91 (d, 3 H,
MeC(3), J = 6.6 Hz); 1.10—1.60 (m, 5 H, H,C(2), H,C(4)),
HC(3)); 1.65 (s, 12 H, cis-Me); 1.72 (s, 6 H, trans-Me); 2.05
(m, 18 H, CH,C=C); 2.27 (m, 4 H, H,C(9), H,C(12)); 3.20,
3.23 (both s, in total 1 H, NH); 3.63 (dt, 2 H, H,C(1),
J1 =1.5Hz, J, =7 Hz); 3.87 (br:s, 2 H, CH,N); 5.14 (m, 5 H,
HC=C); 5.45, 5.55 (both t, in total 1 H, HC(10), J; = 5 Hz,
J, = 7 Hz). 13C NMR, &*: 16.0, 16.1 (cis-Me); 17.6
(cis-MeC(27)); 19.5 (MeC(3)); 23.4 (MeC(7)); 25.1, 25.3, 26.2,
26.6, 26.7, 27.2 (CH,CH=C); 25.7 (trans-MeC(27)); 29.2, 29.4
(C(3), C(12)); 31.8 (C(8)); 37.4 (C(4)); 39.7 (CH,C(Me)=C of
(E)-units); 39.8 (C(2)); 47.5, 50.0 (C(117)); 61.1 (C(1)); 123.8,
124.2, 124.4, 125.5, 125.55, 127.1 (HC=C); 131.2 (C(27));

* The spectra of 2a,b and 3a,b exhibit also signals for the
naphthalene fragment, &: 6.65 (d, 1 H, J = 6.7 Hz); 7.3—7.5
(m, 4 H); 7.8 (m, 2 H).

** The spectra of 2a,b and 3a,b exhibit also signals for the
naphthalene fragment, &: 104.0, 104.5 (C(2)); 116.8, 117.0
(C4)); 119.7, 119.8 (C(6)); 123.3, 124.5 (C(7), C(8)); 125.7
(C(9)); 126.6 (C(10)); 128.6 (C(3)); 134.9, 135.0 (C(5)); 143.5,
143.7 (C(1)).

134.2, 134.6, 135.0, 135.4, 136.2 (MeC=C). Diol 13a, R; 0.17
(O). IR, v/em™!: 3610, 3430, 3050, 2970, 2930, 2860, 2260,
1715 (w), 1660 (w), 1630 (w), 1585, 1530, 1480, 1465, 1450,
1410, 1380, 1280, 1255 (w), 1060, 930 (w), 850, 790, 780.
'H NMR, &: 0.91 (d, 3 H, MeC(3), J = 6.5 Hz); 1.05—1.65 (m,
5 H, H,C(2), H,C(4), HC(3)); 1.61 (s, 12 H, cis-Me); 1.70 (s,
6 H, trans-Me); 2.08 (m, 22 H, CH,C=C); 3.66 (dt, 2 H,
H,C(), J; = 3 Hz, J, = 6.5 Hz); 4.05 (s, 2 H, HOCH,C(11));
5.02 (m, 5 H, HC=C); 5.42 (t, 1 H, HC(10), J/ =7 Hz).
11’-(1-Naphthylamino)dolichol-10,11 (2b) and 11’-hydroxy-
dolichol-10,11 (13b)* were prepared similarly to 2a and 13a by
reductive amination of acrolein 1b (380 mg, 0.48 mmol)
on treatment with 1-naphthylamine and NaBH;CN in a
Et)O—MeOH mixture (1 : 2). Amino alcohol 2b, yield ~20%,
R; 0.60 (B). IR, v/em™!: 3620, 3030, 2965, 2935, 2920, 2860,
2735, 1720 (w), 1680 (w), 1665 (w), 1630 (w), 1585, 1520,
1460, 1450, 1410, 1380, 1280 (w), 1240 (w), 1090 (w), 1060 (w),
1045 (w), 855, 845, 840. 'H NMR, &: 0.90 (d, 3 H, MeC(3),
J = 6.5 Hz); 0.95—1.55 (m, 5 H, H,C(2), H,C(4), HC(3));
1.57 (s, 9 H, cis-Me); 1.65 (s, 19.5 H, trans-Me); 2.01 (m,
32 H, CH,C=C); 2.20 (m, 4 H, H,C(9), H,C(12)); 3.21, 3.33
(both s, in total 1 H, NH); 3.70 (dt, 2 H, H,C(1), J; = 1.5 Hz,
J, =7 Hz); 3.87 (s, 2 H, CH,;N); 5.13 (m, 8.5 H, HC=C); 5.41
and 5.53 (both t, in total 1 H, HC(10), J; =5 Hz, J, =7 Hz).
13C NMR, &: 16.0 (cis-Me); 17.7 (cis-Me of o-units); 19.5
(MeC(3)); 23.4 (trans-Me); 25.7 (trans-Me of w-units); 25.1,
26.2, 26.4, 26.6, 26.7, 27.0 (CH,CH=C); 29.1 (C(3)); 29.6
(C(12)); 31.8, 31.9, 32.2 ((CH,C(Me)=C of (2)-units); 37.4
(C(4)); 39.7 (CH,C(Me)=C of (E)-units); 39.8 (C(2)); 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 (HC=C); 131.2 (MeC=C of w-units);
134.2, 134.6, 135.15, 135.2, 135.3, 135.7, 136.0 (MeC=C). Diol
13b, yield 32%, R; 0.24 (B), 0.42 (C). IR, v/ecm™!: 3615, 3350,
3020, 2960, 2920, 2860, 2730, 1720 (w), 1660 (w), 1450, 1380,
1360, 1340 (w), 1310 (w), 1130 (w), 1065, 1010, 895 (w), 850.
TH NMR, &: 0.92 (d, 3 H, MeC(3), J =6.2 Hz); 1.0—1.60 (m,
5 H, H,C(2), H,C(4), HC(3)); 1.59 (s, 9 H, cis-Me); 1.70 (s,
19.5 H, trans-Me); 2.08 (m, 32 H, CH,C=C); 3.65 (dt, 2 H,
H,C(1), J; = 2.5 Hz, J, = 7 Hz); 4.02 (s, 2 H, HOCH,C(11));
5.12 (m, 8.5 H, HC=C); 5.43 (t, 1 H, HC(10), J = 7 Hz).
I3C NMR, &: 15.9 (cis-Me); 17.6 (cis-Me of w-units); 19.5
(MeC(3)); 23.2, 23.4 (trans-Me); 25.7 (trans-Me of w-units);
25.2, 25.8, 26.3, 26.6, 26.7, 26.8 (CH,CH=C); 28.4 (C(12));
29.0 (C(3)); 31.7, 31.9, 32.1 ((CH,C(Me)=C of (£)-units); 37.3
(C(4)); 39.7 (CH,C(Me)=C of (E)-units and C(2)); 60.8 (C(1));
66.8 (C(117)); 124.1, 124.15, 124.3, 124.7, 124.9, 125.0, 125.8,
126.4 (HC=C); 131.2 (MeC=C of w-units); 134.4, 134.8, 135.1,
135.2, 135.3, 135.5 (MeC=C); 138.7 (C(11)).
3,7,15,19,23,27-Hexamethyl-11-(1-naphthylamino)methyl-
octacosa-6(2),10(E),14(E),18(E),22(E),26-hexaenyl phosphate,
diammonium salt (3a). CCI;CN (40.3 mg, 28 uL, 280 umol) was
added to a solution of amino alcohol 2a (48.7 mg, 76.3 umol)
and (BuyN)H,PO, (88.2 mg, 247 pmol) in 1.76 mL of CH,Cl,.
After 48 h at 20 °C, the solvent was evaporated and the residue
was dissolved in 4 mL of the upper (organic) phase of an
equilibrated n-butyl alcohol—water mixture. The solution was
washed with the lower phase of the same mixture (4x1 mL).
Then MeOH (1.5 mL), a concentrated aqueous solution of NHj3
(75 uL), and Dowex 50Wx8 (NH4") cation-exchange resin
(1 mL) were added and the mixture was stirred for 3 h. The ion-
exchange resin was filtered off and washed (4X4 mL) with a
toluene—MeOH mixture (3 : 1) and the combined solution was

* The term "dolichol-n" accepted in the chemistry of dolichols
designates compounds of this series containing (#» — 1) isoprene
units and one dihydroisoprene unit.



Synthesis of fluorescent dolichyl phosphates

Russ.Chem.Bull., Int.Ed., Vol. 49, No. 12, December, 2000 2071

concentrated. The residue was dissolved in 50 mL of a
CHCIl3—MeOH (2 : 1) mixture and the solution was applied on
a column (1.1x15 cm) with DEAE cellulose (AcO™) equili-
brated with the same solvent mixture. The column was washed
with this solvent mixture (40 mL) and MeOH (50 mL); com-
pound 3a was eluted with 200 mL of a 10 mM solution of
AcONH, in MeOH. The fractions containing the target product
(monitoring by TLC in system E) were concentrated, and 10 mL
of toluene was added to the residue. The mixture was concen-
trated to ~3 mL, diluted to 15 mL with toluene, and allowed to
stand for 18 h at 0 °C. The toluene solution was decanted and
concentrated to dryness, and the residue was dissolved in 5 mL
of a heptane—propan-2-ol mixture (4 : 1). According to a
colorimetric experiment, the solution contained 13.6 pmol of
phosphate, which corresponds to 18% yield of the product.
Phosphate 3a, R; 0.45 (£). UV (heptane—propan-2-ol, 4 : 1):
A/nm (g): 252 (18000), 335 (5500). 'H NMR, &: 0.92 (d, 3 H,
MeC(3), J = 6.0 Hz); 1.10—1.50 (m, 5 H, H,C(2), H,C(4),
HC(3)); 1.57—1.70 (m, 18 H, cis- and trans-Me); 1.96—2.12
(m, 18 H, CH,C=C); 2.32 (m, 4 H, H,C(9), H,C(12)); 3.21
and 3.25 (both s, in total, 1 H, NH); 3.86 (s, 2 H, CH,N); 3.90
(m, 2 H, HyC(1)); 5.11 (m, 5 H, HC=C); 5.52 (m, 1 H,
HC(10)). 13C NMR, &: 16.0 (cis-Me); 17.6 (cis-MeC(27)); 19.2
(MeC(3)); 23.3 (MeC(7)); 25.2, 25.8, 26.3, 26.7, 26.8, 27.2
(CH,CH=C); 25.7 (trans-MeC(27)); 29.2, 29.4 (C(3), C(12));
31.8 (C(8)); 37.4 (C(4)); 39.7 (CH,C(Me)=C of (E)-units,
C(2)); 49.5, 50.3 (C(117)); 64.0 (C(1)); 124.1, 124.2, 124.3,
125.5, 125.7, 126.0 (HC=C); 131.2 (C(27)); 134.27, 134.33,
135.7 (MeC=C). ESI mass spectra (recorded on an API III
triple quadrupole mass spectrometer (PE-Sciex, Canada) from a
solution in propan-2-ol containing 10 mM of AcONH,), nega-
tive-ion spectrum, m/z (I (%)): 750, [M — H]™ (15), 716,
[M — 2 NH; — HJ7, (100); positive-ion spectrum, m/z (1o (%)):
752, [M + HJ%, (25), 718, [M — 2 NH; + H]*, (100).
11’-(1-Naphthylamino)dolichyl-10,11 phosphate diammo-
nium salt (3b) was synthesized similarly to phosphate 3a from
dolichol derivative 2b (36.7 mg, 41.3 umol), (BuyN)H,POy4
(82 mg, 230 pmol), and CCI3CN (35.4 mg, 253 pmol) in 2 mL
of CH,Cl,. The solution of the product obtained after anion
exchange chromatography and removal of AcONH, contained
13.0 umol of phosphate, which corresponds to 28% yield.
Phosphate 3b, R; 0.51 (£). UV (heptane—propan-2-ol, 4 : 1):
A/nm (g): 252 (18500), 335 (5000). 'H NMR (CD;0D—CDCl;,
1:2),8 091 (d, 3 H, MeC(3), J =7.3 Hz); 1.00—1.50 (m,
5 H, H,C(2), H,C(4), HC(3)); 1.58 (s, 9 H, cis-Me); 1.66 (s,
19.5 H, trans-Me); 2.00 (m, 32 H, CH,C=C); 2.12 (m, 4 H,
H,C(9), H,C(12)); 3.20, 3.31 (both s, in total 1 H, NH);
3.77 (s, 2 H, CH,N); 3.85 (m, 2 H, H,C(1)); 5.15 (m,
8.5 H, HC=C); 5.40 (br.t, 1 H, HC(10)). 13C NMR
(CD30D—CDCl3), 1 : 2, & 16.0 (cis-Me); 17.9 (cis-Me of
w-units); 18.8 (MeC(3)); 22.9 (trans-Me); 25.8 (trans-Me of
o-units); 24.8, 26.0, 26.2, 26.3, 26.6 (CH,CH=C); 28.6,
28.8, 29.2, 30.1 (C(9), C(12), C(13), C(3)); 31.6, 31.8
((CH,C(Me)=C of (2£)-units); 37.1 (C(4)); 39.3 (CH,C(Me)=C

of (E)-units and C(2)); 50.8 (CN); 65.4 (C(1)); 123.8, 124.0,
124.6, 124.8, 126.7 (HC=C); 130.8 (MeC=C of w-units); 135.1
(MeC=C). 3'P NMR (CD;0D—CDCly), 1 : 2, &: 2.25.
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