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Abstract: The reaction of primary, secondary, allylic and bgic trityl ethers with indium powder in MeOH/NBI led to reductive
cleavage of the trityl-oxygen bond, affording tleeresponding alcohols in good to excellent yieldemvery mild reaction conditions.
The detritylation process could successfully besedéd to mono and detritylated diols. This methogplrepresents a new and
efficient detritylation procedure under mild reacticonditions.

1. Introduction

The use of indium metain reduction processes applied to synthetic oenemistry is
based on the fact that its electrode potential €%.Bis rather similar to that of alkali metalschias
sodium (5.1 eV) or lithium (5.4 eV) and, therefaredium metal behaves as an excellent single
electron transfer reagehthis ability has been used successfully for tieahge of carbon-
heteroatom bonds and, consequently, for the degirateof several functionalities such as protected
alcohols, amines or thioethérdmong interesting protecting groups, the triphemthy! (trityl) unit
has been extensively used in carbohydtateptide® and nucleoside chemistfynainly due to its
steric demand. In addition, deprotection of thigltgroup can be easily achieved by simple acid
hydrolysis? this procedure being useful only for compoundsgfunctionalities not-sensitive to
acidic conditions: as an example when nucleosidetritylated at the 5’-OH position, its treatment
with protic acids leads, together with the expedetlitylation, to the hydrolysis of thé-glycosidic
bond®

In the last years, we have been interested inepeotiection of several oxygen, nitrogen and
sulfur-containing compoundsising lithium and a catalytic amount of naphthat@followed by
hydrolysis. Among them, we investigated detritylatprocesses involving trityl eth&tsnd trityl
amines” In addition, more recently, we have explored the of other metals, such as indidror
zincin both cases in methanol, for the effective tigaiion of 1-trityltetrazoles®**In this paper,



we report the indium-promoted detritylation ofytiethers as an efficient method for the
deprotection of this type of compounds under vellg neaction conditions.

2. Resultsand discussion

As a model reaction we treatachonadecyl trityl etherl@) with indium metal (1:1.7 molar
ratio) under different reaction conditions finditingit the optimal situation was the use of a mixtfre
methanol and aqueous ammonium chloride at reflu8%dchours (Table 1, entry 8). Using other
solvent combinations or diminishing the reactiomperature or time, no reaction occurred (Table 1,
entries 1-7).

Tablel
Assayed conditions for the In-promoted
cleavage ofla for 24 h

EntrySolvent T (°C) Yield (%0)
1  In/MeOH/THF rt 0

2  In/MeOH/THF reflux 0

3  In/MeOH rt 0

4  In/MeOH reflux 0

5 InfTHF rt 0

6 InfTHF reflux 0

7 In/MeOH/THF/

NH,CI rt 0

oo

IN/MeOH/NHCI refluf 80

?|solated yield.’For 35 h.

Having the best reaction conditions in hand, weist the scope of the process. Primdsy (
d, Table 2, entries 1-4) or secondatg-@, Table 2, entries 5-7) trityl ethers were easépmbtected
to afford the expected alcohda-g with yields ranging from 62 to 80%. Mondh| Table 2, entry 8)
and ditritylated diolsXj,j, Table 2, entries 9 and 10) were fully deprotectsidg the same reaction
conditions with the corresponding stoichiometryoafing the expected diolh-j. The low yield
obtained for diol2h-j could be explained by their partial solubilityvimter during the extractive
work-up; actually no byproducts were observed armaction crude. Also allylic or benzylic
derivatives {k and1l, respectively, Table 2, entries 11 and 12) wetgtgated without any



problem: allylic or benzylic carbon-oxygen cleavaggs not observed in any case. Finally, the
protected phendim (Table 2, entry 13) was submitted to the sameopabtgiving the parent phenol
with reasonable yield.

Table?2
Indium-mediated detritylation of ethets

R/O><Ph In, MeOH/NH,CI , reflux
> R—OH
Ph Ph
1 2
Entry Substrate t (h) Product Yield (%)?
ARNAON, AR oH
1 1a 35 2a 80
k*/o\Tr /Q%A\/OH
2 1b 30 2b 70
N . oH
3 1¢ 28 2 71
)\/\O/Tr )\/\OH
4 1 30 2d 62
5 o 32 2 68
Q\ ~Tr O\
(¢) OH
6 1f 31 2 75
OL OH
S o
7 1g 31 29 70
J\MO\ J\<\/)OH
HO 5 Tr HO R
8 1h 28 2h 56
Tr Tr



Tr\oj\b/fs O~y Ho)\ﬁ/)3 OH

10 1 30 2 58

x o/Tr N oH
| N

11 1k 30 2k 62
©/\O/Tr ©/\OH

12 1 27 2 81
o O

13 m 25 2m 68

2Yield of isolated product after purification bylamn chromatography (hexane/ethyl acetate), basdteostarting
materiall.

Starting etherg were easily prepared from the corresponding coroiaér available
alcohols2 by a standard procedure: reactior2efith trityl chloride in the presence of triethylara
and a catalytic amount of 4-dimethylaminopyridifie.

Concerning a possible reaction mechanism, we\etteat after the first single electron
transfer (SET) from the metal to the ether, altriagical is formed, which after a second SET
process gives the corresponding anion that inghetion medium captures a chloride from
ammonium chloride, giving trityl chloride. The alkde formed in the first step also traps a proton
from the protic reaction medium to give the alcahoActually, in order to support this proposal we
were able to isolate trityl chloride (65%; columhr@matography, silica gel hexane-EtOAc 9:1) in
the detritylation ofla under the conditions shown in Table 2.

As a conclusion, we have reported here a simplsatile and useful methodology for the
detritylation of protected primary and secondanphbls, as well as mono- or diprotected diols, and
tritylated phenol, using indium in a protic medium.

3. Experimental part
3.1. General

FT-IR spectra were recorded on a Nicolet ImpacDi§pectrophotometer and Fourier Shimadzu
FTIR-8201 PC using KBr pellets. NMR spectra werrded on a Bruker AC-300 spectrometer (300 MHz
for 'H and 75 MHz for*C) and a Bruker AC-400 spectrometer (400 MHZ‘fdand 100 MHz for*C) using
CDCl;, DMSOds, or CD,OD as solvent and TMS € 0.00 ppm*H) or CDCE (8 = 77.0 ppm23C), DMSO-
ds (8 = 2.50 ppm!H; 5 = 39.75 ppm;°C), or CROD (5 = 4.87 ppm'H; & = 49.0 ppm;°C), Fourier



BRUCKER DPX 250 (250 MHz foiH and 62.5 MHz fof*C) as internal standards; chemical shifts are
given ind (ppm) and coupling constanty (n Hz. Multiplicities are given as s: singlet,dbublet, t: triplet, td:
triplet of doublet, m: multiplet. Elemental analgsgere measured by the Technical Services at tiheetsity
of Alicante. Column chromatography was performemgisilica gel 60 (35-70 mesHAll reagents used for

the synthesis of trityl ethemere of the best commercial grade and were usecased.

3.2. General procedure for tritylation of alcohols 2. Preparation of ethers 1°**3

A solution of the commercially available alcol(5.0 mmol) in CHCI, (2.5 mL) was
added to a solution of trityl chloride (1.55 g, BBnol), EtN (1.25 mL, 8.8 mmol) and DMPA (46
mg, 0.2 mmol) in CKCl, (5 mL) at rt and the mixture was stirred overnigfite reaction was then
guenched with water (2.5 mL) and extracted with A&t@3 x 10 mL) and the combined organic
phases were washed with brine (2.5 mL) and drient sedium sulfate. After evaporation of the
solvents (15 Torr), the resulting residue was peaiby column chromatography (silica gel, hexane-
EtOAc) affording the expected trityl etheksWhen diols were used (as precursor of etlie+y, a
mixture of mono and deprotected products were pbthin variable proportions, which could be
easily separated by column chromatography. Physipatctroscopic and analytical data for the
tritylated alcoholdl follow.

3.2.1. Stearyl trityl ether1@).*® White solid; yield 2.45 g (95%); mp: 70 °C; IR (¢jn3000, 2950,
2400, 1500, 1450, 1300, 1050, 1010, 650NMR (400 MHz, CDGJ): 5 0.81 (t, 3 H,J = 4.0 Hz,
CHs), 1.18-1.56 [m, 24H, CHICH.)12], 2.20—2.22 (m, 6H, 3 CHj, 2.49-2.52 (m, 2H, CHCO), 2.96
(t, 2H,J = 6.7 Hz, CHO), 7.13-7.25 (m, 9H, ArH), 7.36—7.38 (m, 6H, ArffC NMR (100 MHz,
CDCly): 3 14.1 (CH), 22.6, 26.2, 29.3, 29.6 (8C), 30.0, 31.9, 39001 440.3 [CH(CH>)1¢], 63.6
(CH,0), 86.5 (CO), 126.7 (3C), 127.6 (6C), 128.6 (6124.5 (3C, ArC); MSnz (%): 435 (M-Ph,
8), 244 (39), 243 (100), 183 (29), 165 (15), 106)(1Anal. Calcd for GHs,0: C, 86.66; H, 10.22.
Found: C, 86.62; H, 10.26.

3.2.2. Hexyl trityl etherlp).*® Colorless oil; yield 1.18 g (62%); IR (¢th 3166, 3058, 3028, 1593,
1488, 1080, 1068H NMR (250 MHz, CDCJ): & 1.22 (d, 3H,J = 6.1 Hz, CH), 1.53-1.81 [m, 6H,
CHs(CHy)3], 3.08-3.17 (m, 2H, B,CH;0), 3.76-3.88 (m, 2H, Ci®), 7.23-7.37 (m, 9H, ArH),
7.42—7.50 (m, 6H, ArH)**C NMR (62.5 MHz, CDGJ): 5 23.6 (CH), 26.5, 36.4 (2C), 63.8
[CH3(CH,)4], 68.0 (CHO), 86.7(C0O), 127.0 (3C), 127.8 (6C), 128.7 (6@%.B (3C, ArC); MSwz
(%): 243 (M-Ph-CH=CH,, 100), 183 (30), 167 (11), 166 (7), 165 (21), 188), 77 (20); Anal.
Calcd for GsHog0: C, 87.16; H, 8.19. Found: C, 87.18; H, 8.16.

3.2.3. n-Decyl trityl etherl).*® Colorless oil; yield 1.85 g (76%); IR (¢fx 3085, 3057, 3031,
1596, 1489, 1086, 10684 NMR (400 MHz, CDC}): 50.87 (t, 3H,J = 8.0 Hz, CH), 1.24-1.36 [m,
14H, CH(CH,)7], 1.51-1.65 (m, 2H, CHO), 3.03 (t, 2H,) = 6.7 Hz, CHO), 7.19-7.31 (m, 9H,
ArH), 7.43-7.46 (m, 6H, ArH)**C NMR (100 MHz, CDGJ): 8 14.2 (CH), 22.8, 26.4, 29.4, 29.6,
29.7 (2C), 30.2, 32.0 [CHICH,)g], 63.8 (CHO), 86.3 (CO), 126.9 (3C), 127.8 (6C), 128.8 (6C),
144.6 (3C, ArC); MSnz (%): 400 (M, 12), 323 (16), 244 (36), 243 (100), 183 (35), (B%), 105
(40).



3.2.4. Isoamyl trityl etherlfl).'® Colorless oil; yield 1.24 g (75%); IR (¢th 3070, 3024, 2912,
1485, 1446, 1083H NMR (400 MHz, CDCJ): 5 0.80 (d, 6H,) = 8.0 Hz, [m, 1H, CH{Hy),], 1.47—
1.53 (m, 2H, ®,CH,0), 1.72-1.79 [m, 1H, B(CHs)3], 3.06 (t, 2H,J = 8.0 Hz, CHO), 7.25-7.36
(m, 9H, ArH), 7.49-7.51 (m, 6H, ArH)}*C NMR (100 MHz, CDGJ): 5 22.8 (2CH), 25.2 (CH),
39.1 (CH), 68.2 (CHO), 86.4 (CO), 126.9 (3C), 127.8 (6C), 128.8 (612)4.6 (3C, ArC); MSn/z
(%): 330 (M, 10), 244 (32), 243 (100), 253 (11), 183 (33), {&B), 105 (25); Anal. Calcd for
Co4H260: C, 87.23; H, 7.93. Found: C, 87.25; H, 7.90.

3.2.5. 2-Trityloxyoctanelg).”® Colorless oil; yield 1.60 g (78%); IR (c¢th 3055, 2925, 1598, 1489 ,
1075, 1026 H NMR (400 MHz, CDCJ): 50.83 (t, 3H,J = 8.0 Hz, B45CH,), 0.86 (d, 3H,J = 4.0

Hz, CHCO), 1.05-1.23 [m, 10H, (Ght], 3.51-3.58 (m, 1H, CHO), 7.19—7.30 (m, 9H, ArA)9—
7.52 (m, 6H, ArH);*C NMR (100 MHz, CDGJ): 5 14.2 CHsCH,), 21.3 CH5CO), 22.7, 25.0, 29.5,
31.9, 37.6 [(CH)s], 70.2 (CHO), 86.5 (CO), 126.8 (3C), 127.7 (6@91 (6C), 145.7 (3C, ArC);
MS m/z (%): 372 (M, 4), 244 (30), 243 (100), 183 (39), 165 (48), (45).

3.2.6.Cyclopentyl trityl ethetif).* White solid; yield 0.82 g (62%); mp 84 °C; IR (¢jn3055,
3028, 1596, 1485, 10484 NMR (300 MHz, CDCY): 8 1.18-1.35 [m, 6H, (B,CHH)], 1.50-1.64
[m, 2H, (CHCHH).], 3.95-4.07 (m, 1H, CHQY.15-7.31 (m, 9H, ArH), 7.45-7.53 (m, 6H, ArH);
13C NMR (75 MHz, CDCJ): 8 23.8, 33.7 [(CH)4], 76.5 (CHO), 86.9 (CO), 126.8 (3C), 127.8 (6C),
129.0 (6C), 145.6 (3C, ArC):; M&/z (%): 251 (M-Ph, 6), 244 (34), 243 (100), 183 (18), 166 (6),
165 (44), 105 (17); Anal. Calcd forgH»40: C, 87.76; H, 7.37. Found: C, 87.73; H, 7.41.

3.2.7. Cyclohexyl trityl ethed@).”* White solid; yield 1.58 g (92%); mp 85 °C; IR (¢jn3000,

3010, 1600, 1450, 10084 NMR (400 MHz, CDC}): 5 1.01-1.35 [m, 6H, (Chs], 1.52—1.61 (m,

4H, 2CH), 3.46 (m, 1H, CHQ)7.19-7.29 (m, 9H, ArH), 7.55-7.53 (m, 6H, Artfjc NMR (100
MHz, CDCk): 6 24.4 (2C), 25.9, 33.9 (2C) [(CMH], 72.1 (CHO), 86.5 (CO), 126.9 (3C), 127.7 (6C),
129.1 (6C), 145.8 (3C, ArC); Mz (%): 342 (M, 2), 244 (25), 243 (100), 183 (16), 165 (39), 105
(20).

3.2.8. 5-Trityloxy-2-pentanolLf).*® White solid; yield 0.82 g (62%); mp 84 °C; IR (¢jn3024,
2950, 2862, 1593, 1488, 1045 NMR (250 MHz, DMSO-¢):  0.87—1.52 [m, 8H, Ck 2CH, and
OH], 3.47-3.56 (m, 2H, ChD), 3.92-3.99 (m, 1H, BOH), 7.23-7.37 (m, 9H, ArH), 7.37-7.44 (m,
6H, ArH); **C NMR (62.5 MHz, DMSO-g): 3 23.1 (CH), 33.0, 36.1 [(CH),], 66.2 (CHO), 75.8
(CHOH), 86.3 (C0O), 126.9 (3C), 127.8 (6C), 128.€)6145.0 (3C, ArC); M3z (%): 244 (M-
CsH1002, 35), 243 (100), 183 (20), 165 (11), 105 (28)(T5), 51(7); Anal. Calcd for GH260,: C,
83.20; H, 7.56. Found: C, 83.24; H, 7.55.

3.2.9. 1,6-Di(trityloxy)hexaneli).** White solid; yield 1.60 g (53%); mp 160 °C; IR (&m3000,
3010, 2950, 1450, 1000, 10164 NMR (400 MHz, MeOD-g): & 1.30-1.33 [m, 4H,
(CH,CH,CH,0);], 1.53-1.62 [m, 4H, (CKCH,CH,0),], 3.00 [t, 4H,J = 6.6 Hz, (CHCH,CH-0),],
7.19-7.29 (m, 18H, ArH), 7.41-7.44 (m, 12H, ArtAC NMR: (100 MHz, CDCJ): 5 26.2 (2C),
30.1 (2C) [(CH)4], 63.6 (2CHO), 86.3 (2C0O), 126.9 (6C), 127.8 (12C), 128.8 (12@4.6 (6C,
ArC); MS m/z (%): 259 (3), 245 (4), 244 (31), 243 (100), 241, (B3 (4), 165 (20), 105 (13); Anal.
Calcd for G4H40,: C, 87.67; H, 7.02. Found: C, 87.63; H, 7.03.



3.2.10. 1,4-Di(trityloxy)pentangj).°® White solid; yield 1.62 g (55%); mp 160 °C; IR (¢n3083,
3052, 3022, 1598, 1500, 1081, 10%3;NMR (300 MHz, CDCJ): 5 0.88 (d, 3H,) = 6.1 Hz, CH),
1.04-1.24 (m, 2H, B,CH,), 1.38-1.69 (m, 2H, B,CHO), 2.73-2.95 (m, 2H, Gi®), 3.49-3.62 (m,
1H, CHO), 7.08-7.58 (m, 30H, ArH)*C NMR (75 MHz, CDGJ): 5 21.2 (CH), 25.5, 34.0 [(Ch).],
64.0 (CHO), 69.8 (CHO), 86.4 (CO), 86.6 (CO), 126.9 (3Q7X (3C), 127.8 (6C), 128.0 (6C),
128.8 (6C), 129.1 (6C), 144.6 (3C), 145.6 (3C, Al@% (DIP)m/z (%): 588 (M, 0.5), 244 (70),

243 (100), 165 (56), 105 (28); Anal. Calcd fopiuO,: C, 87.72; H, 6.85. Found: C, 87.70; H, 6.81.

3.2.11. Gerany! trityl etherlk).®® Colorless oil; yield 1.75 g (88%); IR (¢t 3043, 2920, 2866,
1670, 1596, 1446, 10484 NMR (300 MHz, CDCJ): 5 1.52 (s, 3H, Ch), 1.67 (s, 3H, Ch), 1.75 (s,
3H, CH), 2.04-2.21 (m, 4H, Ci€H,), 3.67 (d, 2H,) = 6.4 Hz, CHO), 5.17 [t, 1HJ = 6.4 Hz
HC=C(CH)], 5.55-5.46 (m, 1H, B=CCH,0), 7.24-7.39 (m, 9H, ArH), 7.50-7.56 (m, 6H, ArH);
13C NMR (75 MHz, CDCJ): 5 16.6, 17.8, 25.8 (3C4}| 26.5, 39.7 [(CH),], 61.4 (CHO), 86.7 (CO),
121.5, 124.2 (@H=C), 126.9 (3C), 127.8 (6C), 127.8 (6C), 131.8.632C=CH), 144.5 (3C, ArC);
MS: mz (%) = 319 (M-Ph, 0.5), 244 (39), 243 (100), 165 (34), 105 (89)(11).

3.2.12. Benzyl trityl ethedl).** White solid; yield 1.60 g (92%); mp 95 °C; IR (¢jn3163, 3031,
2896, 2866, 1593, 1488, 1076] NMR (400 MHz, CDCY): 8 3.51 (s, 2H, Ch), 7.22—7.34 (m, 14H,
ArH), 7.54-7.58 (m, 6H, ArH)**C NMR (100 MHz, CDGJ): 5 72.1 (CH), 86.5 (CO), 126.8 (2C),
127.3 (3C), 127.6, 127.8 (6C), 128.0 (2C), 129Q)(A46.7, 146.9 (3C, ArC); MBVz (%): 273
(M*-Ph, 3), 245 (18), 244 (100), 243 (85), 167 (16p 116), 165 (68), 105 (51), 91 (88), 77 (27).

3.2.13. Phenyl trityl etherlfn).** Colorless oil; yield 1.62 g (38%); IR (¢th 3166, 3055, 2947,
1593, 1485, 1076H NMR: (250MHz, CDCJ): 8 6.63-6.79 (m, 3H, ArH), 6.94-7.03 (m, 2H, ArH),
7.22-7.31 (m, 9H, ArH), 7.33-7.44 (m, 6H, Artfjc NMR (62.5 MHz, CDG)): 5 86.5 (CO), 122.1
(2C), 122.4 (2C), 128.2 (3C), 128.6 (6C), 129.3)(6K@5.3 (3C), 146.6 (ArC); M8Vz (%): 274
(20), 243 (55), 198 (14), 197 (100), 167 (20), {B6), 165 (65), 152 (9), 105 (35), 77 (26), 51 (5);
Anal. Calcd for GsH,0O: C, 89.25; H, 5.99. Found: C, 89.23; H, 5.96.

3.3. General procedurefor thedetritylation of ethers 1.

Indium powder (0.02 g, 1.7 mmol) was added tolatem of the substrate (0.1 mmol) in
methanol (3 mL) and a saturated ammonium chlomdigisn (1 mL), and the mixture was heated at
reflux. After the time indicated in table 2, theoted reaction mixture was then quenched with water
(2.5 mL) and extracted with EtOAc (3 x 5 mL) and ttombined organic phases were washed with
brine (2.5 mL) and dried over sodium sulfate. Aggaporation of the solvents, the resulting residue
was purified by column chromatography (silica drelxane—EtOAc) affording the expected alcohols
2, which were characterized by comparison of thiefomatographic and spectroscopic data (NMR)
with commercially available authentic samples. Mass yields for compounds as well as for trityl
chloride, follow.

3.3.1. 1-OctadecanoR4). Yield 21.5 mg (80%)7rityl chloride. Yield 18.1 mg (65%).

3.3.2. 1-Hexanol2b). Yield 7.2 mg (70%).



3.3.3. 1-Decanoldc). Yield 11.3 mg (71%).

3.3.4. 3-Methyl-1-butanol(). Yield 5.5 mg (62%).
3.3.5. 2-OctanolZe). Yield 8.9 mg (68%).

3.3.6. CyclopentanoPf). Yield 6.5 mg (75%).
3.3.7. CyclohexanoR(). Yield 7.0 mg (70%).
3.3.8. 1,4-PentanedioRl). Yield 5.8 mg (56%).

3.3.9. 1,6-HexanedioPk{). Yield 7.1 mg (60%).
3.3.10. 1,4-Pentanedio®j(= 2h). Yield 6.0 mg (58%).
3.3.11. GeraniolZk). Yield 9.6 mg (62 %).

3.3.12. Benzyl alcoholgl]. Yield 8.9 mg (81%).

3.3.13. PhenolZm). Yield 6.4 mg (68%).
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GRAPHICAL ABSTRACT

R/O><Ph In, MeOH/NH,CI , reflux
> R—OH

PH Ph

[13 examples] 56-80%

R = alkyl, allyl, benzyl, phenyl



