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Tetraethylene Glycol-Derived Spacer for Oligonucleotide Synthesis
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Abstract: 3,6,9-Trioxaundecane-1,11-diisocyanate (6) was synthesised from tetraethylene glycol in 5
steps and 48 % overall yield. Spacer 6 was monofunctionalised with the fully protected adenosyl-3’-O-
succinate derivative 7 and linked to aminomethyl polystyrene (50 % crosslinked with divinylbenzene)
affording a solid support suitable for oligoribonucleotide synthesis (loading: ~20 pmol/g). The HPLC

analysis of a crude oligoribonucleotide synthesis and the isolated yield of purified oligomer show that
this spacer compares well to hexamethvlene diamine, © 1998 Elsevier Science Ltd. All rmhm reserved.
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The utility of hydrophilic spacers for the linkage of (bio)molecules to some solid support has gained impor-
tance with the wide-spread application of combinatorial chemistry. In this context polyethylene glycol-deriv-
ed substances were found to have ideal properties: desirable stability, polarity, and a preference for an extend-
ed (all-gauche) conformation in solution.! For the solid support synthesis of oligonucleotides a tetracthylene
glycol spacer proved to be superior in terms of, both, coupling yields and homogeneity of the final product,
when compared to several other tested spacer molecules of up to double its length.2 At present there is a con-
siderable interest in finding reaction conditions for spacer molecules such as o,w-diols, -diazides, and -di-
amines that allow for an efficient monofunctionalisation.? Kumar et al. found that, in contrast to diols and
and subsequently linked to solid supports in good yields.* We envisaged combining the desirable properties of
tetraethylene glycoi-derived spacers, the optimal reactivity of a,w-diisocyanaies, and the superiority of high-
Iy crosslinked aminomethyl polystyrene (H,NCH,-PS) over alkylamino controlled-pore glass,5 and synthe-
sised 3,6,9-trioxaundecane- 1,1 1-diisocyanate (6) from tetraethylene glycol (Scheme 1), coupled it to the fully
protected adenosyl-3’-O-succinate derivative 7 and linked it to HyNCH;-PS (Scheme 2).
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Scheme 1: a) P3P, CBry, CH3CN, 40°/18 h, MPLC: 85 %; b) NaN3, DMF, 100°/100 h, MPLC: 93 %:; ¢)
H,/Pd-BaSO,, EtOH/H,0 26:1, 1 atm/30 h, distill.: 93 %; d) Me;SiNEts, (NH4);SO04, 85°/1.5 h—>100°/24
h— 150°/40 h; e) (C13C0),CO, MgO, CH,Cly, 25°/43 h, distill.: 65.4 % (4—6).

Tetraethylene glycol (1) was first converted to dibromide 2 with triphenylphosphine and tetrabromomethane
at elevated temperatures.® Since 2 would not react with NaCNO neither without nor with phase transfer cata-
lysts, the compound was submitted to an azide substitution in DMF,” and diazide 3 was reduced to diamine
4.8 We attempted to directly convert this ound to the diisocyanate 6 using phosgene (immediate poly-
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ation.’ Trimethylsilylation of 4 using neat refluxing hexamethyldisilazane (HMDS) with catalytic amounts of
(NH4)>SOy4 or trimethyisilyl acetamide (TMSA) proved too inefficient (low degree of silylation) and, upon
evaporation of the reagents and treatment of the crude or distilled silylated product with phosgene/Et3N or tri-
phosgene/Et3N, resulted in low yields of rapidly polymerising 6 (max. 24 %). The presence of residual
amounts of, both, primary amino groups and Et3;N are detrimental to the stability of 6. According to 'H NMR
we obtained a high degree of silylation in 5 (ca. 70-75 % of amino protons were substituted by TMS groups;
70-83 % of the amino groups were disilylated) using N, N-diethyl-(trimethylsilyl)amine (TMSDEA) and shif-

ting the reaction equilibrium with a flow of argon gas (evaporation of Et;NH).!0 This material underwent a

clean phosgenation to 6 using triphosgene and MgO as the base.!! MgO has the advantage of being readily re-
mavahle hy filtratinn: a hioh deorea nf cilvlatinn nf the ctarting material wac hawever necraccary ar alce fela e B
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cyanate 6 synthesised that way was stable

to polymerise at all when stored for months at 4°.

DMT: dimethoxytrityl
/ TBDMS: tert-butyldimethylsilyl
Ph_« PS: polystyrene (50 % DVB-crosslinked)

/

B
\ R=O0H (7)
DMTO \‘( /O\Y/N\g—(_N a) L  -co,

N= R=NHCH,CH,0(CH,CH,0),CH,CH,NCO (9)

| — R = NH(CH,)(NCO (11)
/ \ o
O  OTBDMS byoyd) b
i R = NH(CH,),0(CH,CH,0),(CH,),NHC(O)NHCH,-PS (10)
C(O)CH,CH,C(O)R R= NH(CH2)6NHC(O)NHCH2—PS (12)
Scheme 2: a) DMAP (1.0 equiv.), 6 or OCN(CH;)(NCO (8) (1.0 equiv.), CH>Cls, 15 min.; b) HNCH,-PS
(5 g/mmol 7), Et(i-prop)2N (1.0 equiv.), 48 h/CH,Cl, (5 ml/g HQNCH') PS), Et,0 (wash); ¢) H,O/CsHsN
(2:8), 2 h; d) Ac,O/ Et3N/N-methylimidazole/CH;Cl5 (1:1:0.3:6), 0.5 h.

6-N-Benzoyl-3’-O-tert-butyldimethylsilyl-5’-O-dimethoxytrityladenosine (Peninsula Lab.) was succinylated
with succinic anhydride, 4- (dlmethylammo)pyrldlne (DMAP) and Et3N in 1,2-dichloroethane to give succin-

ate 7 in guantitative v1p|r1 4 One nortion was derivatised with 6 and the other with hexamethvlene diisocvan-
ate / 1n quantitats 1eld. € portion was dert the other with hexamethylene giisocyan
ate Q@ Ll k) and tha racnlting iennvuanatas @ and 11 ragnantiualy (Qrhans wara rannlad ta T NOCH L _DQ

i< \o 1 ’unu}, Aliu LIc 1ohuil 15 IDUL'ya 1atcd 7 aill kL, IDDPMLLLV\IIJ \L’ wveilie qu}Jluu w LIZLVLIIZ'I )

pmol/g, respectively.12

In a separate test reaction 7 — 9 the reaction mixture was quenched after 15 min. with an excess of an-
hydrous methanol (9 — R = NH(CH)>0(CH2CH,0)>(CH2),NHC(O)OCH3), evaporated and analysed by
IH-, BC-NMR and ESI mass spectroscopy. We were unable to find any doubly coupled trioxaundecanedinuc-
leosidyl disuccinate derivative in the crude mixture. Finally, both resins 10 and 12 were tested on the RNA

synthesiser using commercial phosphoramidites and reagents (Fig. 1).



6279

268 nm crude URGGURGAUA using trioxaundecane spacer 260 nm crude UAGGUAGAUR using hexamethylene aspacer
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Figure 1: Anion exchange HPLC of crude RNA decamer UAGGUAGAUA synthesised on resin 10 (left),
and on resin 12 (right).13
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6. To a suspension at —10° of Ph3P (22.16 g, 84.4 mmol) in CH3CN (110 ml) contai ng 1 (7.76 g, 40.0

mmol, Fluka puriss.) neat CBr4 (28 O0g, 84 4 mmol, Fluka purum) was added dropwise dunng 120 min.
The clear solution was slowly warmed up to 40° (during 3-4 h) and stirred for another 18 h. After evap-
oration of the solvent, the oily crystalline yellowish crude mixture was vigorously stirred and refluxed in
H,0/n-hexane \/_00 ml eacu, uﬁi’ii"l5 30 min., to plcupuau: Ph3P=0. After LUUllllb down to ambient
1

temp. the hmhaqm suspension was filtered. the precipitate was extensively washed with H,O (200 ml in

ule v 1idoll oL AANIVIE aos LIltcloy, e DL a2 LALLIINIVLLY asiicd S L&V

several pomons) and n-hexane was evaporated under reduced pressure from the pooled ﬁltrates The
aqueous phase was extracted in a Ludwig extractor with CH,Cl, for 3 h. Evaporation of CH»Cl, fur-
nished 14.8 g of a pale-yel]ow oil that was further puriﬁed by MPLC (LiChroprep® Si 60 15- 25 pm, 36

avana 2-7 var

ALN 1n B+ A~ nAdia n ha SN ml frant « Aa tlhn Bt A~/n h - 1N Q0 o
X 40V mun, ulun\rslauudu ifi NeXane, Sv M iract.; aetection: uu, LUCAC/n-neXane 5./, xz vap. ; 1V.67 g

(34 mmol, 85 %) 2 were obtained as an oil. Bp.: ll4°/0 06 mbar. tH NMR (300 MHz, CDCls, SiMey):
3.48 (1,4 H,3J= 6.3, HyC(1,11)); 3.82 (1, 4 H 3J=6.3, Hy(C(2,10)); 3.68 (s, 8 H, H,C(4, 5,7,8)) ”C
NMR (75 MHz, CDCls, SiMe;,): 30.27 (C(1,11)); 70.50 (2 C); 70.61 (2 C); 71.17 (C(2,10)). MS (FAB,

— nitrobenzyl alc.): m/z = 323 (16.4, M*, 2 x 81Br); 321 (36.9, M*, 7Br + 81Br); 319 (22.1, M*, 2 x

7QD.<\ 153 (36.6): 151 452y 109 (1000): 107 (92.5). IR Inm—l\ QA() ff‘LI st): 1116 (COC st). Micrs-
Di), 135 (50.0); 10 s LUZ (LU}, 107 \74.9). 1an (Ul LOU7 (Xl Stjy, 1110 (v Sty. Vaili &

.A}
16Br203 (320.02): cale. C 30.03, H 5.04, O 15.00; found C 29.93/30.05, H 4.90/4.97.

5.
.1 mm l) and NaNj3 (2 68 g, 41.2 mmol, CAU TION causes toxic HN3 gas upon acidifica-
F

tlon') in DMF (25 ml I*luka punSS over moiec. sieves 4 A) were heated at 100° under Ar for 100 h.
A fiar avannratinn nf t Aluvant at AN_45° nnr‘ ﬂ 1-0.15 mbar. the rne:Anp was h-pafpr] with a emall
MALICL Cyvapulaiivlil Ul tub DUIV\JIL at TutTo Qil. “V.iJ uxucu e resigu Q S5:11idsx
amount of H»O and extracted with CH,Cl, (3 x 100 ml). After drying (Na;SO4 anhydr.) and evap., 4.04

¢ of crude product were separated by MPLC (LlChroprep® Si 60, '40-63 pm, 49 x 460 mm; hexane, then
hexane/EtOAc 12 and 25 %,; detection: 260 nm and tlc, EtOAc/n-hexane 3:7, Iz vap. ) 3341 ¢g (14 90

W mMYmM OEER sANN X ATY Ty

mmol 93 '70) 3 were isolated as a colorless lquIG H NMR (_SUU VMIHZ, LUL13, bli\/le4) 3.39 U 4 n, 3J

=51. HC(1 11 167(s. 8 H H-C(4.5.7.8)): 3.68 (r ALI 31—<l LL(“{’) mn BC NMR {7< MH7
Jul, KAV k11 JJ, JUT B, O 1Ly NN T,Je7,0))> 10 VillZ,

CDCl3, SiMey): 50.60 (C(1,11)); 69.92 (2 C); 70. 60 (4 Cl MS (FAB - mtrobenZVl alc.): m/z =245

bt it VA

(75.5, MH*), 86 (18.7); 56 (42 9) 42 (100). IR (cm™1): 2869 (CH st); 2108 (N3 st as.); 1302 (N3 st
sym.); 1125 (COC st as.).
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10.

11.

13.

A soln. of 3 (2884.8 mg, 11.8 mmol) in EtOH (65 ml, >99.8 %) and H,O (2.5 ml) containing a catalytic
amount of Pd (10 %) on BaSOy (Fluka) was hydrogenised for 30 h at 1 atm. During the first 10 h the
N»-containing gas volume was replaced with fresh H, every 2-3 h. After completion of the reaction (tic:
25 % EtOAc/hexane; I, vap., or 5 % H3iMo012,040P in 10 % H,SOy), the mixture was filtered over HY-
FLO®, and the solvent was evaporated under reduced pressure at 50°. 2.465 g of a crude colorless oil
were distilled at 0.08 mbar to furnish 2.099 24(10.92 mmol 93 %) as a hlghly hygroscopic oil (234 mg
of a brown polymeric residue remained undistilled). Bp.: ca. 130°/0.08 mbar. 'H NMR (300 MHz,
CDCl3, SiMey): 1.32 (br. s, 4 H, 2 x HpN); 2.86 (1, 4 H, 3J = 5.2, H,C(1,11)); 3.51 (r, 4 H,3J = 5.2,
H,C(2,10)); 3.65 (m, 8 H, H,C(4,5,7,8)). 3C NMR (75 MHz, CDCl;, SiMey): 41.67 (C(1,11)); 70.13
(2 C); 70.42 2 C); 73.37 (C(2,10)). MS (EST, MeOH): m/z = 194.2 (100, MH*). IR (cm 1): 3372/3290
(NH,; st); 2865 (CH st); 1596/1458 (NH; 6); 1120 (COC st as.).

Mironov, V.F.; Sheludyakov, V.D.; Kozyukov, V.P. Zh. Obshch. Khim. 1969, 39, 2598-9 (Russ.);

CA 1970, 72:66300r (Engl.).

A soln. of freshly distilled 4 (192.3 mg, 1.0 mmol) in TMSDEA (2.0 g, 13.8 mol, Fluka purum) contain-
ing (NH4)>SO4 (100 mg) was stirred for 1.5 h at 85° under a gentle Ar stream. After liquidification of
the catalyst the mixture was kept at 100° for 24 h, and under reflux (bath temp.: 150°) for another 40 h.
The mixture was cooled, decanted and TMSDEA was evaporated at 30-35° and 0.07 mbar. The lightly
brown sirup, 5 (464.6 mg), was analysed and directly used for the next reaction. Bp.: ca. 120°% 0.06
mbar. 'H NMR (300 MHz, CDCl3, SiMes): N(TMS)2/N(TMS)y.1: 0.09/0.00 (2 s, (H3C)3S1); 2.97/2.86
(2 1,3J = 7.6/5.2, (0.7-0.83-2 H/0.3-0.17-2 H), H,C(1,11)); 3.30/3.50 (2 ¢,3J = 7.6/5.2, (0.7-0.83-2
H/0.3-0.17-2 H), H,C(2,10)); 3.54-3.66 (m, 8 H, H,C(4,5,7,8)); (total H3C:9)/(total HyC:16) = mol
Si/mol spacer = 70-75 % (integral ratios calculated from 4 batches). 3C NMR (75 MHz, CDCl;,
SiMey): N(TMS)o/N(TMS)q.1: 2.04/1.37 ((CH3)3S1); 44.09/41.82 (C(1,11)); 70.45/70.33 (2 C); 70.65 (2
C); 73.99/73.49 (C(2,10)). IR (cm1): 3382 (NH st); 2953/2873 (CH st); 1252 (Si-CH;3 & symm.);

1086/915/840
To a stirred soln. of CO(OCCls); (215.4 mg, 0.726 mmol, Merck) in anhydr. CH,Cl; (20 ml) containing
anhydr. MgO (605 mg, 15 mmol) was added dropwise a soln. of crude § (404.7 mg) in anhydr. CH,Cl,
(10 ml) during 3 h at ambient temp. After another 40 h under Ar, the mixture was filtered, the filtrate
pvnpnran’ri and the residual colorless oil was distilled at 0.08 mbar to nivp 1394 mg 6 (ﬂ 57 mmn] 64 .4
% from 4), which was stable for months (no polymerisation). Bp.: 140°/0 08 mbar 'H NMR (300
MHz, CDCls, SiMey): 3.41 (¢, 4 H, 3J = 5.2, HyC(1,11)); 3.64 (1,4 H, 3J = 5.2, H,C(2,10)); 3.69 (s, 8
H, H,C(4,5,7,8)). BC NMR (75 MHz, CDCl;, SiMey): 43.10 (C(1,11)); 70.34 (2 C); 70.48 (2 C); 70.62
(C(2,10)); 125.07 (NCO). MS (FAB, — nitrobenzyl alc.): m/z = 245 (9.0, MH*); 70 (100); (FAB, —
nifrnh{—‘n’7\/| alr‘ + I((“I\ m/'7 = 7527; {’H "1 M+ k'+\ 245 (1n 7 MI-I+\ 70 (H’m\ (FT T\”—I \ m/z =262
(100, M + NH4*); 245 (16 7, MH™). IR (cm“) 2871 (CH st); 2264/2222 (NCO st as) 1349 (NCO st
symm. (weak)); 1125 (COC st). Microanalysis for C;gHgN2O35 (244.25): calc. C 49.17, H 6.60, N
11.47, 0 32.75; found C 49.28/49.24, H 6.75/6.69, N 11.51/11.49, O 32.51/32.51.
€504(DMTH, 3 % TCA/CH,Clp w/w) = 72°678 M“, as determined from a linear regression of Aspq
versus conc. of a dilution series (22-2.2 uM) of 5°-O-DMT-2"-deoxyadenosine in 3 % TCA/CH,Cl;.
Monomers (Glen Research): 5’-O-DMT-2’-O-TBDMS-3-0-(0-(2-cyano)ethyl-N, N-diisopropyl)-
phosphoramidites of uridine, 6-N-phenoxyacetyladenosine, and 2-N-(V, N-dimethyl)formamidinoguano-
sine. Reagents (4B]): detrityl.: 3 % TCA/CH,Cl,; coupling: 0.25 M 5-(ethylthio)tetrazole/CH3CN; cap-
ping: AcyO (‘Cap A’)/N-Melm (‘Cap B’); oxid.: 0.02 M I,/THF/CsHsN/H,O. Two small solid support
reactor columns containing a) 49.3 mg (1.0 umol) 10 and b) 53.7 mg (1.0 pmol) 12, resp; ; modified 0.1
umol RNA cycle on an ABI 392 (two- column) DNA/RNA syntheswcr ‘WAIT’ time perlods for: coup-
ling: 300 sec; 1st capping: 5 sec; CH3CN wash; oxidation: 45 sec; CH3CN wash; 2nd capping: 5 sec.
CH;CN wash; detrltyl Deprotectlon ~3 ml 35 % NH3/EtOH 3:1 each, 25°/2 h (mod1ﬁed ABI END

DAT A e . EEO/ L. . \r’) TIE QN 1 MAMLD ££80/1 . ~simamn +1
KANA prou:uurt:) —> J2 /L1, CVdp . 270 }.u r_‘,L IN'D I, JV p,l DIIVIE, D0 7/1 11, qucuul Wil JU |.,u uzu,

add 3 ml n-BuQOH, prggxp at —20°/0.5 h, spin dn, wn; dissolve each pellet in 600 ul HPL.C buffer A;
yields (crude): a) 52 OU, b) 39 OU. HPLC column Nucleogen® DEAE 500-7, 8 x 125 mm (Macherey-
Nagel); buffer A: 20 mM Na/K phosphate, pH 7.0, buffer B: 0.6 M NaCl in buffer A; flow rate: 2

ml/min; gradlent 0 % B for 5 min., linear 0-80 % B within 15 min., isocratic 80 % B during 5 min., short

1NN 0/ . Aotantl e IR . ciimmn £ Aamintad Ahensentagrasacs £ 0 11l aach

wash-out at 100 % B; detection: 26u nm. uuCLUUU volume for depicted chromatograms: 5.0 pl each.
Preparative separation on the same ¢ column using non-linear gradient; main product eluted under isocratic

Stpaiauol 210 salllc raldil UL

conditions at 67 % B. Isolated yields of full- length product: a) (10——&) 332 OU b) (12—) 23.5 OU.



