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Facile Oxidative Cleavage of 40-Benzyl Ethers cleavage of the PMB or Nap ethers in their preseffdgy way
with Dichlorodicyanoquinone in Rhamno- of illustration, we have collated some recent examples of this
: type from our own laboratord/ 22 along with an oxidative
and Mannopyranosides cyclization” and a pertinent literature exampli@a Table 1.
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On exposure to dichlorodicyanoquinone in wet dichlo- 83%
romethane at room temperature, equatori@-Benzyl ethers 62! o0 OF R=PMB - R=H
are removed with moderate selectivity in the presence of B(r?&lg/o . .
other benzyl ethers in glycopyranosides and glycothiopyra- [Ph/:gg&o 0] n=0,97%;n=1,91%;
. n
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Thep-methoxybenzyl (PMB) ethers and their somewhat less 722 I R=Nap—>R=H,
acid sensitive congeners, the 2-naphthylmethyl (Nap) ethers, o SJ@ 839
are staple protecting groups in organic synthesis, in general, I o8 o8n ’
and especially in oligosaccharide synthesis, owing to their facile Ph Fo«;%g/ ,é"@i
oxidative cleavage with either dichlorodicyanoquinone (DDQ) 8o OMe
or ceric ammonium nitrate (CANY.® Simple benzyl ethers are 823 on NO, R=PMB —>R=H,
not inert to these oxidative cleavage conditions but typically %0 g5
react significantly more slowl¥; 6 enabling the highly selective 2 o ’
OPiv
(1) Xia, J.; Abbas, S. A.; Locke, R. D.; Piskorz, C. F.; Alderfer, J. L.; 17 - 2
Matta, K. L. Tetrahedron Lett200Q 41, 169-173. 9 R0, 02?”*’3 R =PMB,R"=H
37(()2) Liao, W.; Locke, R. D.; Matta, K. LChem. Commur200Q 369 RiosxHQ — R'-R*=PMPCH,*
(3) Wuts, P. G. M. InHandbook of Reagents for Organic Synthesis: SPh 85%
Reagents for Glycoside, Nucleotide, and Peptide Synthesch, D., Ed.;
Wiley: Chichester, 2005; pp 425128. 10! BnO_OBn R=Nap—»R=H,
(4) Csavas, M.; Szabo Z. B.; Borba, A.; Liptak, A. In Handbook of RO&O
Reagents for Organic Synthesis: Reagents for Glycoside, Nucleotide, and BnO Lo 80%

Peptide Synthesi<rich, D., Ed.; Wiley: Chichester, 2005; pp 45960.
(5) Greene, T. W.; Wuts, P. G. MProtective Groups in Organic
Synthesis3rd ed.; Wiley: New York, 1999. aPMPCH= p-methoxybenzylidene.
(6) Kocienski, P. JProtecting Groups3rd ed.; Thieme: Stuttgart, 2005.
(7) Tanaka, T.; Oikawa, Y.; Nakajima, N.; Hamada, T.; Yonemitsu, O.
Chem. Pharm. Bull1987, 35, 2203-2208. ) ] ]
(8) Horita, K.; Nagato, S.; Oikawa, Y.; Yonemitsu, Tetrahedron Lett. Accordingly, we were surprised when, in the course of an
1987 28, 3253-3256. _ ongoing synthesis, we encountered significant cleavage of a
(9) Sviridov, A. F.; Ermolenko, M. S.; Yashunsky, D. V.; Borodkin,
V. S.; Kochetkov, N. K.Tetrahedron Lett1987 28, 3839-3842.
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2536. 5660.
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benzyl ether when removing a vicinal Nap ether with DDQ romethane at 0C for 30 min, followed by stirring at room
(Table 2, entry 1). Intrigued by this unusual observation, we temperature for 3 h, gave 63% of the anticipated mondépl
carried out a more detailed investigation, the results of which along with 13% of diol1728 (Table 2, entry 1). Comparable
are presented here. results were obtained with the corresponding 2,Ddienzyl-

Substrate Preparation. Treatment of trioll2* with dibutyltin 3-O-p-methoxybenzyl ethed (Table 2, entry 2). When the
oxide in toluene under Dean-Stark conditions gave an interme-alcohol 16 was subjected to the standard reaction conditions,
diate stannylene acetal, which, on quenching with either the diol 17 was again formed in amounts depending on the
2-bromomethylnaphthalene or benzyl bromide in the presencereaction conditions and stoichiometry employed (Table 2, entry
of cesium fluoride, gave the @-naphthylmethyl and &-benzyl 3). When the 2,3,4-t1®-benzyl ethed 82° was similarly treated,

ethers2 and3, respectively. Exhaustive benzylation 2then a complex reaction mixture was obtained in which the product
gave the differentially protected substrdt¢Scheme 1). arising from selective removal of the @benzyl etherl9
predominated significantly (Table 2, entry 4). With theD2-
SCHEME 1 pivalate esterl0 and the 20-acetatell, the pattern was
SPh SPh SPh continued with cleavage of the G-p-methoxybenzyl ether,
Ho @oz )BuSn0. & - =07 NeH.BnBr 70 accompanied by partial loss of the benzyl ether at the- 4-
HO &y i) RBr, CsF RO ({y (R=Nap) NapO (Ogn position (Table 2, entries 5 and 6). Analysis of the initial reaction
1 2: R = Nap, 83% 4, 100% mixture from the reaction af1 with DDQ was complicated by
3:R=Bn, 78% migration of the acetate group but was facilitated by saponifica-

Reaction of the dibutylstannylene acetal derived from the ‘
known 40-benzyl ethe52> with p-methoxybenzyl chloride in
the presence of cesium fluoride and tetrabutylammonium
bromide afforded the ©-benzyl-30-p-methoxybenzyl ether
6, while reaction with naphthylmethyl bromide or benzyl
bromide gave productgand8,?® respectively (Scheme 2). The
alcohol6 was then converted to the fully protected systéns
10, and11, under standard conditions, whereas reaction of the
3,4-di-O-benzyl ether8 with naphthylmethyl bromide and
sodium hydride provided2 (Scheme 2).

ion.

With the 3,4-diO-benzyl-20-naphthylmethyl systeni?2,
regioisomeric with the initial substrat§ partial cleavage of
the 40O-benzyl ether was again observed (Table 2, entry 7).
However, the trend did not extend to the third regioisomer in
the series, the 2,3-dd-benzyl-4O-naphthylmethyl systerh5,
where the oxidative cleavage reaction was much cleaner and
only minor amounts of debenzylated products were observed
under the standard conditions (Table 2, entry 8).

The methyl 2,4-di©-benzyl rhamnopyranosid@4®® (Table
2, entry 9) performed much as the correspond@ghenyl

SCHEME 2 thioglycosidel6 (Table 2, entry 3) with considerable cleavage
sph sPh sPh of the 40-benzyl ether depending on the stoichiometry
@z i) Bu,SnO, A @# NaH. BnBr @# employed. Finally, methyl 2,3,4,6-tet@-benzyla-p-mannopy-
BnO BnO . BnO A 1 : .
- - ranoside26®! was explored as a substrate for the oxidative
HO OH i) RX, CsF RO OH (R=PMB) PMBO OBn X . R
5 o . o 87% cleavage reaction. All four possible mono-ols were obtained
i egivod ’ from this reaction, but it is noteworthy that the 42%62 is by
SPh 8:R=Bn, 91% SPh far the most significant product with a yield surpassing that of
B0 o Bno @oz‘ 2-, 3-, and 6-ols combined (Table 2, entry 10).
B1O Snap NaH, NapBr RCI, DMAP PMBO (g It is apparent from the entirety of results presented in Table
. (R=Bn) (R =PMB) 10: R = Piv, 85% 2 that benzyl ethers located on the 4-position of rhamno- and
12,92% 11: R = Ac, 90%

mannopyranosides are cleaved oxidatively with DDQ signifi-
cantly more easily than benzyl ethers located at other posi-
tions around the ring. In hindsight, the moderate yield
recorded for the example of entry 4 of Table 1 can most likely
be ascribed to the same phenomenon. From entry 3 of Table 2,
it is clear that the oxidative cleavage of thedbenzyl ether is

an inherent characteristic of that group and does not require

Naphthylmethylation of acetonidk3?” gave 14, which was
heated to reflux in a mixture of acetic acid and aqueous dioxane
followed, without isolation of the intermediate 2,3-diol, by
exposure to sodium hydride and benzyl bromide to give the
2,3-di-O-benzyl-40-naphthylmethyl systerd5 (Scheme 3).

SCHEME 3
SPh SPh SPh (21) Crich, D.; Banerjee, A.; Yao, Ql. Am. Chem. So2004 126,
Lo 14930-14934.
Ho@z NaH, NapBr Napo@# DHO™ A Napo 252 (22) Crich, D.; Yao, QJ. Am. Chem. So@004 126, 8232-8236.
Q Q o BnO (23) Crich, D.; Li, H.J. Org. Chem2002 67, 4640-4646.
X )< ii) NaH, BnBr OBn (24) Groneberg, R. D.; Miyazaki, T.; Stylianides, N. A.; Schulze, T. J.;
15, 88% Stahl, W.; Schreiner, E. P.; Suzuki, T.; lwabuchi, Y.; Smith, A. L.; Nicolaou,
13 14, 92% K. C.J. Am. Chem. Sod.993 115 7593-7611.
(25) Pozsgay, VJ. Org. Chem1998 63, 5983-5999.
Oxidative Cleavage ReactionsExposure of the 2,4-dB- 174(1%@1%31’ R.; Schie, G.; Schwaneberg, U.; Ziegler, Tiebigs 1995

benzyl-30-naphthylmethyl systerd to DDQ in wet dichlo- (27) Pozsgay, VCarbohydr. Res1992 235 295-302.

(28) Maloney, D. J.; Hecht, S. MOrg. Lett.2005 7, 1097-1099.

(17) Crich, D.; Banerjee, AJ. Am. Chem. So006 128 8078-8086. (29) Furukawa, J.-1.; Kobayashi, S.; Nomizu, M.; Nishi, N.; Sakairi, N.

(18) Crich, D.; Jayalath, P.; Hutton, T. K. Org. Chem2006 71, 3064 Tetrahedron Lett200Q 41, 3453-3457.
3070. (30) Pozsgay, VCarbohydr. Res1979 69, 284—286.

(19) Crich, D.; Hutton, T. K.; Banerjee, A.; Jayalath, P.; Picione, J. (31) Girard, C.; Miramon, M.-L.; de Solminihac, T.; Herscovici, J.
Tetrahedron: Asymmetr005 16, 105-119. Carbohydr. Res2002 337, 1769-1774.

(20) Crich, D.; Li, W.; Li, H.J. Am. Chem. SoQ004 126, 15081~ (32) Schie, C.-R.; Tzeng, Z.-H.; Kulkarni, S. S.; Uang, B.-J.; Hsu,
15086. C.-Y.; Hung, S.-CAngew. Chem., Int. E®005 44, 1665-1668.

3582 J. Org. Chem.Vol. 72, No. 9, 2007



TABLE 2. Oxidative Cleavage Reactions with DDQ
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entry substrate

conditions

products (% yield)

1 SPh
BnO Q
NapO g,
4
2 SPh
BnO Q
PMBO OBn
9
3 SPh
BnO Q
HO oBn
16
4 SPh
Bn0 /-2
BnO  ogp
18
5 SPh
BnO Q
PMBO  opiy
10
6 SPh
Bno 2L
PMBO  gac
1
7 SPh
BnO Q
BnO ONap
12
8 SPh
NapO Q
BnO g,
15
9 OMe
BnO Q
HO  OBn
24

10 BnO— OBn
Q
BB’}%&Q‘

26 OMe

0°C, 30 min, rt, 3 h

0°C,30 min, 1t, 1.5 h

0°C, 30 min, rt, 5 h
0°C,30min,3 h

3h (0.3 eq DDQ)

0°C, 30 min, rt,5h

0°C, 30 min, rt, 4 h

0 °C, 30 min, rt, overnight

0°C, 30 min, 1t, 4 h

0°C, 30 min, rt,2.5h

0°C,30 min, rt,2 h

0°C, 30 min, 1t, 3 h

3h (0.3 eq DDQ)

0°C,30 min, rt,3 h

SPh SPh
Bn0 Z+L + HOZZR
HO oBn HO o8
16 (63%) 17 (13%)
SPh SPh
BnoZ=+L + HoZZR
HO OBn HO OBn
16 (78%) 17 (14%)
SPh SPh
o7 + HOTR
HO OB HO' OB
16 (58%) 17 (35%)
16 (60%) 17 (30%)
16 (81%) 17 (3%)
SPh SPh SPh
Bnoﬁ\?o * HO@\?O + Bno@# +
BnO ogp BnO ogp HO (&gp,
18 (28%) 19 (40%) 16 (6%)
SPh SPh SPh
BnO@# + HO@# + HO. Q
BnO OH HO OBn BnO OH
8 (4%) 17 (4%) 3 (4%)
SPh SPh
Bno@# + HOZZR
HO  opiv HO opiv
20 (74%) 21 (13%)
SPh SPh SPh
BnO Q +  HO Q + BnO 0
HO oR HO or PMBO  Oac
22: R=Ac 23: R=Ac 11

5:R=H (69%)

1: R = H (30%) -

5:R=H(82%) 1:R=H (12%) 11 (2%)
SPh SPh
w038+ w5
BnO On BnO oy
8 (60%) 3 (11%)
SPh SPh SPh
HO 2;.07 + HO@\?O + HO@?O
BnO ogp, HO op BnO oy
19 (85%) 17 (~3%) 3 (~6%)
OMe OMe
BnO@# + HO@Q#
HO ogn HO Gen
24 (62%) 25 (30%)
24 (89%) 25 (3%)

BnO— OBn

BnO— OBn BnO— OBn
fo) Q + o) Q + B Q +
noﬁg g,,o&g oS

OMe
26 (40%)

HO— oBn
Q
Bg%@ﬁ

OMe
29 (6%)

OMe OMe
27 (23%) 28 (8%)
BnO— OH
+ BnO 0 + mixture of the products
gno of dibenzyl deprotection
OMe
30 (5%) (7%)

J. Org. ChemVol. 72, No. 9, 2007 3583



JOCNote

the presence of the Nap or PMB ethers; that is, the mechanismthat, with optimization, perbenzylation and selective debenzy-
must involve direct oxidation of the benzyl ether rather than lation at O4 might provide a short, cost-effective entry into the

hole transfer from a more readily oxidized neighboring gréap.
Likewise, entries 9 and 10 of Table 2 reveal that the thiogly-
coside is not the site of the initial oxidation step. Comparison

4-OH systems.

Experimental Section

of entries 9 and 10 of Table 2 indicates that the absence of a General Procedure for the Deprotection with DDQ. To a

C6—0 bond is not a requirement for the selective removal of
the 40-benzyl ether.
While we have restricted our study to the rhamno- and

mannopyranosyl systems of greatest interest to our laboratory,
useful indications may also be gleaned from the literature. Thus,
as set out in Table 1, entry 10, Matta and co-workers reported

the selective cleavage of aG-Nap ether in the presence of a
4-O-benzyl ether in the galactopyranose sefit=ading to the
implication that an axial benzyloxy group at the 4-position of

solution of the substrate (0.03 M) in a mixture of g@H,/H,0O (17/
1) was added DDQ (2.3 or 0.3 equiv) atfQ. After 30 min, the
reaction mixture was warmed to room temperature and further
stirred for the specified time (Table 2) before it was diluted with
CH.CI, and quenched with saturated aqueougd@. The organic
phase was separated, washed (saturated aquee@ONadried
(N&:SQy), and concentrated. The crude reaction mixture was filtered
through a pad of silica gel (with ethyl acetate as an eluent) and
then purified by chromatography on SiO

Reaction of S-Phenyl 2,4-Di-O-benzyl-3-O-(2-naphthyl-

a pyranose is less readily oxidized than the equatorial counter-methyl)-a-L-thiorhamnopyranoside (4) with DDQ. Compound
part. This postulate is reinforced by the apparent need for more4 (737 mg, 1.28 mmol) was deprotected with 2.3 equiv of DDQ

forcing conditions: 30 equiv of DDQ and 10 h at room
temperature, to obtain a 70% yield in the cleavage of @ 4-
benzyl ether from am-fucopyranoside noted in the course of
a total synthesis of polycavernoside!AWhile we have not

studied the glucopyranose series here, we do expect tha

selective cleavage of @-benzyl ethers will be a feature of that
system based on our results so far.

Overall, we are led to the conclusion that the selective
cleavage of the ©-benzyl ether derives from the fixed
antiperiplanar nature of the €404 and C5-O1 bonds, which

(667 mg, 2.9 mmol) for 3 h. Purification by radial chromatography
(SIO;, hexanes to 2:3 ethyl acetate/hexanes) d®(@51 mg, 63%)
and17 (59 mg, 13%).

Reaction of S-Phenyl 2,4-Di-O-benzyl-3-O-(4-methoxybenzyl)-
a-L-thiorhamnopyranoside (9) with DDQ. Compound (88 mg,

.16 mmol) was deprotected with 2.3 equiv of DDQ (83 mg, 0.37
mmol) for 1.5 h. Purification by radial chromatography (&iO
hexanes to 2:3 ethyl acetate/hexanes) gevé54 mg, 78%) and
17 (8 mg, 14%).

Reaction of S-Phenyl 4-O-Benzyl-3-O-(4-methoxybenzyl)-2-
O-pivaloyl-o-L-thiorhamnopyranoside (10) with DDQ. Com-

maximizes the electron-withdrawing properties of the latter, and Pound10 (96 mg, 0.17 mmol) was deprotected with 2.3 equiv of
accelerates decomposition of the radical cation, just as the PPQ (91 mg, 0.40 mmol) for 4 h. Radial chromatography (5i0

disarming effect of a 4,®-alkylidene acetal in glycosylation

reactions is attributed to the enforcement of the more electron-

withdrawingtg conformation?>-3¢ Selective protection strategies
are key features of the enormous majority of work in the
carbohydrate and oligosaccharide fietds!® and it is possible

(33) For examples of hole (radical cation) transfer and delocalization

and its consequences, see the extensive work on the oxidative cleavage of Reaction of S-Phenyl

DNA: Charge Transfer in DNA: From Mechanism to Application
Wagenknecht, H.-A., Ed.; Wiley-VCH: Weinheim, Germany 2005; and
ref 34.

(34) Giese, BTop. Curr. Chem2004 236, 27—44.

(35) Jensen, H. H.; Nordstrom, M.; Bols, M. Am. Chem. SoQ004
126, 9205-9213.

(36) Jensen, H. H.; Bols, MAcc. Chem. Re®006 39, 259-265.

(37) Grindley, T. B. InModern Methods in Carbohydrate Chemistry
Khan, S. H., O'Neill, R. A., Eds.; Harwood Academic: Amsterdam, 1996;
pp 225-250.

(38) Green, L. G,; Ley, S. V. I€arbohydrates in Chemistry and Biolagy
Ernst, B., Hart, G. W., SingyP., Eds.; Wiley-VCH: Weinheim, Germany,
2000; Vol. 1, pp 427448.

(39) Bols, M.Carbohydrate Building BlockaViley: New York, 1996.

(40)Handbook of Reagents for Organic Synthesis: Reagents for
Glycoside, Nucleotide, and Peptide Syntheg&isich, D., Ed.; Wiley:
Chichester, 2005.

(41) Garegg, P. J. IRreparative Carbohydrate ChemistryHanessian,
S., Ed.; Dekker: New York, 1993; pp 5&%7.

(42) Calinaud, P.; Gelas, J. IRreparatve Carbohydrate Chemistry
Hanessian, S., Ed.; Dekker: New York, 1997; pp33.
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hexanes to 3:7 ethyl acetate/hexanes) g&¥€55 mg, 74%) and
21 (8 mg, 13%).

Reaction of S-Phenyl 3,4-Di-O-benzyl-2-O-(2-naphthyl-
methyl)-a-L-thiorhamnopyranoside (12) with DDQ.Compound
12 (69 mg, 0.12 mmol) was deprotected with 2.3 equiv of DDQ
(62 mg, 0.27 mmol) for 2.5 h. Radial chromatography ($iO
hexanes to 3:7 ethyl acetate/hexanes) dga@l mg, 60%) an®
(5 mg, 11%).
2,3-Di-O-benzyl-4-O-(2-naphthyl-
methyl)-a-L-thiorhamnopyranoside (15) with DDQ. Compound
15 (104 mg, 0.18 mmol) was deprotected with 2.3 equiv of DDQ
(94 mg, 0.42 mmol) for 2 h. Radial chromatography (Sikexanes
to 2:3 ethyl acetate/hexanes) gah@(67 mg, 85%)3 (4 mg, 6%),
and17 (2 mg, 3%).
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