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Abstract: Novel unmasking procedures for alkyl N-phenylicarbamates are established by the use of a
tetrabutylammonium nitrite (Bu,NNQO,) - acetic anhydride systcm, Bu,NNQO,. Bu,NOAc, and CsOAc -
18-crown-6 towards variously functionalized sugar derivatives. © 1998 Elsevier Science Ltd. All rights reserved.
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The N-Phenylcarbamoyl protecting group is characterized by its facile
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introduction to an alcohol through the treatment with phenyl isocyanate in pyridine, '

but the conditions for its removal hitherto uscd are rather drastic, i.c.. trcatment

with alkoxide in an atcohol at reflux,?* with lithium aluminum hydride in THF or in
diglyme at reflux,>® and with trichlorosilane - triethylamine in dichloromethane;?  Phenylcarbamoyl (Ph-Car)
the protecting group is stable from pH [ to pH 12 in aqucous solution.* Therefore, the protecting group has not
been uscd conveniently for the synthesis of a complex natural product which nccessitates delicate chemical
differentiation of a varicty of protecting groups under mild conditions.

Incidentally. a tctrabutylammonium nitrite (BusNNO2) - acetic anhydride (AcoQ) svstem  was
demonstrated to be remarkably cfficicnt for the deanilidation of phosphoranilidates in an oligonucleotide
synthesis, i.c.. the reaction is over almost instantly, within 1 min, so far as the authors usc adenosine and
cytidine derivatives whose exocyclic amino groups arc protected with succiny! or phthaloyl groups.®  The
cfficicney of the Bu4NNO2 - Ac20 system was deduced to be potentially brought about by the in-situ formation
of acctic nitrous anhydride (AcON=0). The anhydride might behave as a strong clectrophile toward the nitrogen
atom of phosphoranilidates to give the corresponding N -nitrosophosphoranilidate which is considered to be
susceptible to the nucleophilic attack by the acctate ion concomitantly {formed.

The cfficicney of such a system in the deanilidation reaction, and nitrosation of an amide with NaNO»2 -

Ac20 system (15 h at 0 °C)® led us to an assumption that utility of the N-phenylcarbamoyl protecting group
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would be tremendously expanded in the ficld of synthetic organic chemistry if the system is fecasible in
unmasking of alkyl N-phcnylcarbamates. Thercfore, we undertook the present investigation on the basis of
such an assumption, and, as cxpected, alkyl N -phenylcarbamates were found to be easily susceptible to the V-
nitrosation rcaction at () °C and casily unmasked at 40 °C by the usc of the BusyNNO2 - Ac20 system (Procedure
A). Further investigation was undertaken, assuming the possibility of nucleophilic attack of the counteranions,
nitritc and/or acctate, toward the carbony! carbon of an alkyl N-phenylcarbamate without N-nitrosation, and it
was proved that BusNNOz (Procedure B), BusNOAC, and CsOAc - 18-Crown-6 (Procedure C) arc also cfficient
for the unmasking at a higher tempcrature.  We wish to communicate the results herein, using a carbohydrate
derivative as a model compound of alkyl A -phenylcarbamatcs.

Procedure A: Initially. the N-nitrosation reaction toward alkyl

o
N-phenylearbamates was examined by treatment of 1,2:5,6-di-O- ><o o ():Ry= Ph_chalro
isopropylidenc-3-()-(N -phenylcarbamoyl)-a-p-glucofuranose (1) OR (2): Ry =—C—N:Ph
(100 mg) with BusNNO2 (4 mol cquiv.) and Ac20 (3 mol equiv.) in o
pyridine (2 mL) at 0 °C, which afforded the corresponding \AY @): Ry =

N-nitroso derivative (2) quantitatively.  The structure of 2 was confirmed by 'H, 13C, and 1SN NMR
spectroscopy.’  Treating this reaction mixture up to 40 °C gave unchanged 1 in addition to 1,2:5.6-di-0-
isopropylidenc-«-nd-glucofuranose (3) (63% vyicld).® Therefore, the way of addition of AcoO was changed by
dividing it into 3 parts and adding them portionwisc at intervals, i.c., T (100 mg) was trcated with BusNNO» (4
mol cquiv.) and Ac20 (1.5 mol cquiv.) in pyridine (2 mL) at 0 °C for 10 min, and warmed up to 40 °C and kept
at that temperaturc for 2 h.  The resulting mixture was cooled down to 0 °C again, Ac20 was added (1.2 mol
cquiv.), warmed up to 40°C again, and kept at 40 °C for 2 h.  This procedure was repeated once more with the
usc of Ac2O (1.0 mol equiv.). Subsequent work-up, involving column chromatographic purification after
quenching thc mixturc with a saturated aqucous solution of sodium hydrogencarbonate, gave 3 in an improved
yield of 80%.? Such an improvement might be attributed to the potential instability of ACON=0 produccd in situ
and the reverse reaction of N-denitrosation from 2 to 1 involved therein.  Proccdure A thus conceivably
involves a two-step reaction mechanism as shown in Scheme 1, i.c., 1) quantitative N -nitrosation rcaction of an
alkyl N-phenylcarbamate 1 into 2 by AcO-N=0 at 0 °C, and, subscquently, 2) the nucleophilic attack of a
nuclcophile (Ac-O" and/or O=N-0") onto the carbonyl carbon (unmasking reaction from 2 to 3; Path [) or to the
nitrogen of the nitroso function (reverse reaction from 2 to 1; Path II) at 40 °C. Procedure A was then applied to
thc unmasking of methyl 4,6-0)-benzylidene-2-O-(N -phenylcarbamoyl)-«-bD-glucopyranoside derivatives [3-0-
benzyl (4a, Ri = Bn; Entry 1), -mcthoxymecthyl (4b, R1 = MOM; Entry 2). -acctyl (4¢, R1 = Ac; Entry 3),

Nu-N=O Path 11
7/\ '/Nu (Path 11)
HOCNPh + Ac-O-N=O —» Ac-OH + ROCNPh Pathl _ R.OH + Ph-NH, + CO, ¢
(RO-Ph-Car)
Nu™ (Path 1)
BuyN-O-N=O + Ac,0 Nu~ I: AcO ", NOy"

Scheme 1
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PH =0 PHY~ P~
——————- +
Ph-caro ! H:00| Me l

OMe RO0me
Substrate (4a-f) Product (3a-f) Product (5¢'-f)
(4a): Ry=Bn (4d): Ry =Bz
(4b): Ry = MOM  (4e): Ry = TBDMS
(4c): Ry = Ac (4f): Ry = Piv

Table 1. Unmasking of N-Phenylcarbamates of Sugar Derivatives
Yield (%) ¥

Entry Substrate Procedure

Product

1 (4a) 7 (5a): quant.
: 2 (4b) (5b): quant.

3 (4¢) (5¢): 93 (5¢'): =
BuyNNO- (4.0 mol eq.) / > A ,
AcO[(1.5+ 1.2+ L0 )Ymol eq.]/ 4 (ad) (5d): 83 (5d: -
Py. /0" — 30°C. 5 (de) (Se1: 79 (Se): -

6 4f) J (56): 93 (5f): -

7 (4a) ) (5a): 88

8 (4b) (5b): 91

" B

9 (4c) (5¢): 46 5(¢'): 36

: 10 (4d) J (5d): 44 S(d": 39

BuyNNO, (3.0 mol ¢q.) /
DMF / 80 °C.

11 (de) B> (5e): 52 (5¢): 19
12 (4f) B (50): 44 (5F): 31
a) Isolated Yicld.
b) The reaction was carried out at 110 °C.
¢) All reactions were performed until the disappearance of the corresponding
starting materials on TLC (ca. 4 -12h).

-benzoyl (4d. Ry = Bz; Entry 4), -t-butyldimethylsilyl (de, Ry = TBDMS; Entry 5), and -pivaloyl (4f. Ry =
Piv; Entry 6)]; the results thus obtaincd arc summarized in Entries 1 - 6 in Table [. 1t is of particular interest
that, during thc unmasking. no acyl and silyl —migration was obscrved in the cascs of the 3-O-acylates and
-silylate, and the ()-(N -phenylcarbamoyl) protecting group could thus be discriminated chemically from the (J-
acctyl and (O)-benzoyl groups through Procedure A.

In the course of discussion on the mechanistic aspect of the second step in Procedure 4. we assumed a
possibility that the nucleophiles could attack the carbonyl carbon of 1 to give 3, and, as expected, an alkyl N-
phenylcarbamate was confirmed to be unmasked at a higher temperature; the results thus obtained are described
below in Procedures B and C.

Procedure B using BuyNNO2 as the nuclcophile: Treatment of 1 with BuyNNO2 (3 mol cquiv.) in DMF
at 8O °C for 1.5 h was successful to give 3 quantitatively.  Similar trcatment of 4a-f with BuyNNO2 (3 mol
cquiv.) resulted in reasonable yiclds of Sa-f as summarized in Entrics 7 - 12 in Table 1. In this casc, however,
the corresponding 3-acctate (4c¢; Entry 9), 3-benzoate (4d; Entry 10), 3-pivaloate (4f; Entry 12) afforded a
mixturc of the corresponding 3-acylates (5¢,d,f) and 2-acylates (S¢',d',f'). and 4e (Entry 11) afforded a
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mixture of 3- (Se) and 2-O-TBDMS (5e’) derivatives; it was not possible to control the acyl and silyl migration
reactions above ca. 60 °C. A similar treatment of methyl 4-O-acetyl-3-O-methoxymethyl-2-O-(N -phenyl-
carbamoyl)-6-O-triphenylmethyl-a-D-glucopyranoside (6) gave the corresponding 2-hydroxyl derivative

(7) in 96% yield. It is also of interest that Procedure B could OoTr
differentiate the (J-acyl groups from the O-(N-phenylcarbamoyl) (6): Ry = Ph-Car Ac

group efficiently. Incidentally, it was confirmed on monitoring by (7): Ry = H MOM 0
TLC that all the rcactions herein involved no N -nitrosation reaction. ™ ome

Procedure C using tetrabutylammonium acetate and cesium acetate - 18-crown-6: On treatment with 1 in
DMEF at 80 °C for 1.5 h, nuclcophiles of BusNOAc (3 mol equiv.) and CsOAc (3 mol equiv.) - 18-crown-6 (3
mol equiv.) system as expected afforded 3 in 92% and 86% yields, respectively.

The corresponding alkyl N -p-tolylcarbamates and -N -p-nitrophenylcarbamates showed similar chemical

behavior toward the agents undcr the conditions described above.
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7. 1H, 13C, and SN NMR spectroscopic data of 2 obtained in DMSO-ds are as follows: 'H NMR: 4 7.54 -
7.13 (SH, m, Ph), 5.93 (IH, d, H-1, J1,2 = 3.6 Hz), 5.34 (1H, d, H-3, J3,4 = 3.0 Hz), 5.00 (1H, d, H-2),
4.33 (1H, dd, H-4, Ja5 = 5.6 Hz), 4.04 (1H, ddd, H-5, J56a = J56v = 6.3 Hz), 3.68 (1H, dd, H-6a,
Jeasb = 8.6 Hz), 3.62 (1H, dd, H-6b), 1.48, 1.33, 1.31, and 1.24 (3H x 4, cach s, Mc); 13C NMR: 6
152.3 (C=0), 130.2, 129.9, 129.4, 128.1 (Ph), 111.4, 108.2 (C(CH3)2), 104.6 (C-1), 82.2 (C-2), 79.6
(C-3), 78.7 (C-4), 72.3 (C-5), 65.2 (C-6), 26.5 - 24.8 (C(CH3)2); >N NMR (MeNOz = -5.00): 4 +210.9
[CON(NO)Ph] and -97.5 [CON(NO)Ph].

8. The result suggests that the reaction might involve a considerable degree of N-denitrosation to the starting
alkyl N -phenylcarbamate other than the objective unmasking reaction.

9. The molar proportion and the way of addition of acetic anhydride to BusNNO> in this reaction is crucial as
follows: BusNNO2 to Ac20 (10 to 8 mol cquiv.) gave 3 (60% yicld) and its acetate, 4 to 1.5 mol equiv.
gave 3 (39% yield), and 4 to (1.5 + 1.2) mol equiv. gave 3 (77% yicld).

10. Elemental analyses of the substrates and products gave satisfactory results for their structures assigned.



