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N-lodosuccinmide provides a mild, convenient, and tuneable reagent for the selective mono- or didebenzylation in representative,

multifunctionalized carbohydrate and amino acid derived

N-dibenzylamines with neighboring

O-functionality.

The best-established method for the debenzylation of diben-compatibility of other protecting groups and functionality
zylamino groups involves hydrogenolysis over a heteroge- (e.g., benzylidene/methyl acetals, silyl ethérs).

neous palladium cataly$tiaccompanying selectivity for
mono- or diN-debenzylation is rare. Incompatibility exists

In the course of our ongoing studies into the generation
of imines through N-halogenatioh we considered that

with other common hydrogenolyzable groups, particularly sequential halogenation, elimination, and hydrolysis might
in sugars, such as Bn, Bz, or benzylidene. Davies et al. haveprovide a route to ready-debenzylation. Initial studies
described the monodebenzylation of differentially protected revealed that althoughN-chlorosuccinimide was poorly

benzylp-nitrobenzyl)amines with ceric ammonium nitrate.

effective, N-iodosuccinimide (NIS) could indeed effect

Debenzylation of benzylamines can also be achieved usingdebenzylation of dibenzylamines, and we show here its utility

other oxidizing agentdHowever, a flexible homogeneous

and selectivity in a variety of biomolecule component

system with a wider range of potential outcomes starting from substrates, namely, carbohydrates and amino acids. Various

simple dibenzylamine substrates would be useful.

Access to differentially protected carbohydrate derivatives,

especially hexosamine derivativeis attractive because of
their use in carbohydrate-scaffold librarfes particular the
N-2 dibenzylamine substituent is a useful participatoans
directing group in glycosyl donorsSelective manipulations
of complex hexosamine substrates sucl @s 7 not only
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parameters were investigated: (a) equivalents of NIS, (o) | NGNS

Lewis acid additives, (c) base additives, (d) the role of water, Scheme 1
and (e) reaction time (Table 1 and Sl (p 36) for entries) to

10 eq NIS, DCM, rt, 4h, cond C, 64%

Ph—X>
| PR s o0 P
HO HO
15 n-N BnHN

) ) 3eqNis O
Table 1. Debenzylations with NIS OMe OMe 4 HaNogpo

R-NBn, By * h Yield (%)" 10 eq NIS, DCM, 1t, 4h, cond A, 72% j
-NHBn -NH, -NBnBz Other
: Ph/?%&% boAe (51000) 01 PO 0 g9 &%79"/ Ph%:%&%
anNOMe 3 eq NIS 3 eq NIS HZNOMel
1 | 10 eq NIS, DCM, rt, 4h, cond A, 50% l
7 A 4 50 503 .
TBSENA-0 28% _156HO0 N0 1psH\-0
18 Ph/voo o 3 A 4 87 - - - BzO 3eqNIS BzO BzO
TBSO 10 B"2Nowme 11 _BHNoye 12 HaNowe
Bn2Nome
7
2 - - with secondary Zempledeprotection2 was obtained in an
21 7 5 B 2 87 th dary Zemptedeprotection? btained
26 p™ySotes 3 A 4 88 . . . excellent 98% overall yield fron (entry 8). Monobenzoyl-
NEBn, monobenzyl sugas could also be obtained through separa-
20 tion in 50% vyield using this route.
29 OTBS 3 A 5 83 . . . Onset of NIS-mediated reaction was manifested by the
&OM‘E development of a maroon color typical of To establish
BnaN™ Y whether } was effecting debenzylatioti,was treated directly
25 with 1, but showed no reaction (even up to 3 equiv);
repetition with base TTBP showed only poor debenzylation
OTBS - - -
30 > 3 A5 8 (54% 2 after 48 h, Entry 10).
BnaN" Y " Formation of benzamidé after prolonged reaction (20 h
57 rather than 4) ol with 3 equiv of NIS (entry 9) interestingly
indicated that, as well as allowing efficient monodebenzyla-
32 P on 3 A 5 - - - 69 tion, other products might result from the NIS deprotection
16 NBr, 18 system through suitable tuning of conditions. Indeed, prolong-
ed reaction (20 h) ot with 6 equiv of NIS and 1 equiv of
35 Pn oBn 2 A 1 78 - - 118 water (entry 11) gavé in 46% and for the first time the
y g
23 NBn, didebenzylated produét(21%). Indication of didebenzyla-
tion was a highly promising addition to the NIS deprotection
36 pnyTosz 3 A 18 77 9 - 14 protocol and was improved. Greater excess of NIS (10 equiv)
NBn, (0) 17 increased formation d& (58% 6 and 33%5, entry 12; 52%
L7 5 and 39%6 with added water, entry 13). Prolonged reaction

aEntries not listed can be found in the full table in Supporting time (1 week, entry 14) gave soleby(50%) at the expense
Information. Reaction conditions:Aj “dry” — 4 A sieve, dry DCM, room of 5. Additives again proved key: 10 equiv of NIS, 0.5 equiv
temperature, under dryJN(B) “wet” — DCM, room temperature, open to . - ! .
atmosphere or addition of 1 equiv 05@l. ® Parentheses indicate yield based of TESOTHT, 1 equiv of lutidine, and shorter reaction time of
on recovered starting material. 4 h gave 68% didebenzylated sudgaand 30%6 from 1
(entry 15). Sequential coupling with Zempleleprotection
_ _ gave a method for didebenzylationbin a workable overall
reveal a convenient debenzylation system that allows tune-yield of 4 of 64% (entry 16). Added water gave mose
able levels of deprotection (Scheme 1). ~ 68% of 6 was obtained froni with 10 equiv of NIS, 0.5

Dibenzylglucosaminel was chosen as a representative equiv of TESOTT, 1 equiv of lutidine under moist conditions
complex substrate containing multiple protecting groups. and in a shortened reaction time of prl h (entry 17).
Reaction with 1 equiv of NIS in the presence of sieves did  Having established conditions for the preparation of five
not proceed to completion (50% monodebenzylated product gitferentially protected products frosimply by tuning con-
2 after 4 d, entry 1). Two equivalents of NIS (entry 2) gave ditions (Scheme 2), we next explored other substrates. For-
59% 2 W|th Concomitant formation Of monodebenzylated mation Of monobenzoy'_monoben@rrom 1 C|ear|y neces-
3-O-benzoyl3 (37% after 20 h) in a combined monodeben-  sitated participation of neighbouring OH-3. To investigate
zylation yield of 96%. Prolonged treatment, Lewis acid the need for a neighboring OH group, as is the case for some
(TESOTf), or base (TTBP) reduced yield (entries’5. O-debenzylation3? 1 was converted to ®-silyl ether 7

Increasing NIS levels further (3 equiv) increased yield and (9795). Treatment o with the monodebenzylation condi-
rate (entry 7,2 and 3 formed in 50% after 4 h), allowing

quantitative overall monodebenzylationlbfWhen coupled (10) Madsen, J.; Viuf, C.; Bols, Viaifiteinis 2000 6, 1140.
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Scheme 2 Scheme 3
i Ph—X-0 BnO
IPh/Va(()) © :Bth?nuxahgfﬂ’e?sﬂg(’)tlh Soﬁ B’.‘gﬂo&&/sa
BnNome oMo NS, eS0T, Ph—Y-0
1 2, 98% [P 020 18P, DOM BEB%% 14,35%
I 020 5 equiv Nis, Do, 4n Ph/%c%% BN BHNg,
"o BnaNeyy 820 BnHNG,, HO “ OMe BE %
! " 10qns, TESOTE 350% TBY o " B"OTBSOO&% 15, 42%
Ph/%oﬁ IUtId"llrilieol\tll)ec “:\I/I:géhen Ph/vo O 10 BnNowme 820 BnHN a
HO Ho OMe
BnoNGype HaNGy,
1 4, 64%
IPP o 1%?3"',\2%5?3?’ PP %20 Applicability to sugars having been demonstrated, non-
HO BN Bz0 HN carbohydrate substrates were investigated (Scheme- 4).
2"OMe 2"OMe
5,68%
PRS00 iuidine, DOM, 2h,open Phﬁ%% |
"o BNy "o N Scheme 4
X ) o083 SN DV~ o,
EtaN, TH/gg% Nen, 17 77% / NHen
tions determined forl (3 equiv of NIS, 4 h) smoothly Ph OH _3eqNIS, DCM, cond A
effected monodebenzylation ® (87%, entry 18). Clean 16 NBn, 69% Ph NHBnOTBS
deprotection oB with TBAF gave2 in 95%; the three-step |imTi§S$ Ph oTBS 5 g';qcigfé 58% 2
conversion ofl — 7 — 8 — 2 represents an effective (80% ’ 92%  NBn; 20 — " _pn " orss
overall) alternative to direct monodebenzyationlof Do s 65% NH2 22
Treatment of7 under conditions for didebenzylation (10
equiv of NIS) gave9 in 63—72% (entries 19 and 20}. Ph OBn2-3 eq NIS, DCM, cond A Ph OBn
Moreover, debenzylation of monobenzylaméhsuccessfully NBN2 23 60-78% 115N 24
gave fully debenzylate® in 79% vyield after 24 h (entry oTBS 3eq le OTES 38%',:'!8 OTBS
23). Deprotection 0B with TBAF gave4 in 73%; three- L( or condA or cond & /(\(OB"
step conversiofh — 7 — 9 — 4 represents an effective (62% BnoN™
overall) alternative to the direct monodebenzyationlof 25:ROOMe 26: R= OMe 83%
(64%). Attempts to debenzylate0 with free OH-6 were 27: R=0Bhn 28: R=0Bhn, 85% 51%
sluggish, and the reaction was less clean than for monohy- 3 6q NIS, DCM, cond A
droxyl 1; 3 equiv of NIS gave a poor 23% dfL (entry 24). BN OH———————&n HN™""0B7
However, treatment of0 with didebenzylation conditions 31 53%
gave 50% ofl2 (entry 25). O—-cooa \]\3 anN\©\Bn2N nzN
Because NIS is also an activator of thioglycoside glycosyl |32 NBn 34 ny H

donors in glycosylation reactioffsve next explored the intri-

guing potential for one-pot glycosylation-deprotection reac-
tions; initial analyses suggested faster glycosylation than de-
benzylation at room temperature. Pleasingly, reaction of ethyl
thioglucoside dond# with dibenzylamine acceptofisand10
using slightly modified monodebenzylation conditions (3
equiv of NIS, 0.5 equiv of TESOTT, 1 equiv of TTBP) suc-
cessfully gave monodebenzylated coupling prodiidtsnd15
(Scheme 3)), respectively.Although yields are moderate
(35%—42%, 2 steps), access to unusual monobenzylamine
disaccharides is useful and highlights the potential for
cascade glycosylations using both dibenzylamine ddmm
acceptors.

(11) Interestingly, treatment of with 5 equiv of NIS, followed by 1
equiv of water (2 h when TLC indicated rif) gave9 in improved 87%
yield (entry 21).

(12) Davis, B. G.J. Chem. Soc., Perkin Trans.2D0Q 2137

(13) Low nucleophilicity acceptors gave 449% glycosylsuccinimide.

(14) Lower yield of31 may be from volatility.

(15) Three equivalents of NIS gave 6@4with 20% monodebenzylated-
monobenzoylated8. O-Benzyldecyl ether did not debenzylate with 3 equiv
of NIS, and control of NIS (2 equiv) gave mog& from 23.
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Phenylalanine-derive@0 was monodebenzylated 1 in
88% (1.5 h, entry 26) and didebenzylate@fin 65% yield
(entry 28). Various.-serine derivatives were examined next.
Methyl ester25 and benzyl este27 both monodebenzylated
smoothly (5 h) to give26 (83%) and28 (85%), respectively
(entries 29 and 30). A second course of monodebenzylation
converted28 in fair yield (51%) to fully debenzylated Ser
benzyl ester29 (entry 31). Substrates containing free
hydroxyl groups3 andy to the NBn, dibenzylphenylalaninol
16 and y-dibenzyl alcohol30, monodebenzylated with
simultaneous benzoylation of OH giving monobenzoyl-
monobenzyl amino acid$8 (69%) and31 (53%), respec-
tively (entries 32 and 33

Usefully, selectivity over and hence compatibility with
O-benzyl ether¥ was possible: tribenzylate@3 was
chemoselectively monodebenzylated on nitrogen in 78%
(entry 35)!* Compatibility with O-benzoyl protection was
also demonstrated17 with 3 equiv of NIS gave 77%48
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(18 h). InterestinglyL-Phe-derived substratds, 20, and
23, which differ only in O-protection, showed ordered
reactivities (OBn> OTBS > OBz) perhaps suggesting a
Lewis base type role for O-1 with a neighboring amino
substituent during critical rate-limiting step(s).

The ability of NIS to provide tuneable debenzylation opens
intriguing mechanistic possibilities. Monitoring of the reac-
tion of 1 with 3 equiv of NIS for 20 h (entry 9) by TLE
showed sequential formation of monoben2yb—20 min);

2 and monobenzylmonobenza¥l(45 min to 2.5 h); an@,
3, and monobenzylmonobenzami@¢20 h). In many crude

TBS, Bz). Treatment of substrat82—36 did not result in
efficient debenzylation, e.g30 successfully debenzylates,
but deoxygenated analogus® does not. NeighboringD-
substituents may act as intramolecular Lewis bases/nucleo-
philic catalysts. Cyclic acetal intermediates have been
proposed in th®©-debenzylation of sugafwith neighboring
OH groups; migration products observed here for substrates
with free alcohol substituents (e.@®from 1) may support
a similar mechanism.

In summary, use of NIS allows tuneatedebenzylation
of benzylamine substrates that also contaifunctionality;

IH NMR spectra, benzaldehyde was detected, suggesting3 equiv of NIS under dry conditions monodebenzylates,

hydrolytic formation upon workup. The most plausible
mechanism involves benzyliminium formation before hy-
drolysis or intramolecular nucleophilic trapping by neighbor-
ing O-substituents prior to collapse to debenzylated products
in the presence of adventitious water or upon workUA.
speculative mechanistic outline is shown in Scheme 5.

Scheme 5
I [ \+ [\ AR [\
HO Nan OYNBn O\YNBH O_. NBn
Ph Ph Ph I” Ph
’ | work | work%ork|
¥ up TP Up-
HO NHB [ 4 \/L\
n HO NBn O NHBn
HO NBn RNHBn
Ph &T\ Nl
0“ "Ph RNBnBz RNHBnOBz

All successful debenzylations involved substrates with
neighboring oxygenate®-substituents-OR (R = H, Bn,

2364

whereas>3 equiv in the presence of adventitious water
didebenzylates.

Acknowledgment. Oxford University and Daphne Jack-
son Trust for a returner’s fellowship funded by the Royal
Commission of the Exhibition of 1851; R. Stafford, D.
Emmerson, T. Royston for technical support and EPSRC for
access to mass spectrometry and database services.

Supporting Information Available: General experimen-
tal details, characterization data, and spectra. This material
is available free of charge via the Internet at http:/pubs.acs.org.

OL050624F

(16) Products detected by TLC not necessarily present in the reaction
mixture and may be the result of hydrolysis of intermediates.

(17) Interestingly, reaction af with 3 equiv of NIS fa 3 h gave a weak,
transient EPR signal showing a nitrogen 1:1:1 triplet sigga+(2.0053,
a(N) = 1.55 mT at 9.414 GHz) consistent with a nitrogen centered radical/
radical cation (a) [Landoh-Bornstein, A.: Fischer, H., Hellwege, |.-H., Eds.;
Springer-Verlag: Berlin, 1985; Vol. 9, Part d. (b) Martin Goez, M.;
Sartorius, | @993 115,11123. (c) Shaffer, S. A.; Martin
Sadlek, M.; Tureek, F.J. Org. Chem1996 61, 5234] and might suggest
alternative pathways. However, identical reaction outcomes were found in
the absence of light, and attempts to trap putative radical intermediates,
e.g., 2.5 equiv of methyl methacrylate, failed. Further mechanistic details
are currently under investigation.
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