
Pergamon 
Tetrahedron Letters 39 (1998) 5583-5586 

TETRAHEDRON 
LETTERS 

Tetrabutylammonium Nitrite - Acetic Anhydride System, 
Tetrabutylammonium Nitrite,  Tetrabutylammonium Acetate, 

and Cesium Acetate - 18-Crown-6 
for Efficient Unmasking of  AIkyi N-Phenylcarbamates  

Shoji Akai, Noriaki Nishino, Yukihiro lwata, Jun-ichi Hiyama, Etsuko Kawashima,;  

Kcn-ichi Sato,* and Yoshiharu lshido'l'* 

Laboratory ~l' ()rganic Chclnistry, Faculty of Engineering, Kanagawa University, R¢~kkakubashi. 
Kanagawa-ku, Yokohama 221-8686, Japan 

t Laboratc~ry of Pharmaceutical Chemistry, School tff Pharmacy, Tokyt~ Uni,,crsity tff Pharmacy and Life Science, 
Horinouchi, Hachinji, T~kyn 192-t}392, Japan 

Received 30 April 1998; accepted 29 May 1998 

Abstract: Ntwel unmasking procedures liar alkyl N-phenylcarbamatcs arc established by the use ~1 a 
tetrabutylammonium nitrite (I~,u4NNO~)- acetic anhydride system, Bu,~NNO2, Bu4NOAc, and Cst)Ac - 
18-crown-6 lnwards varitulsly functionalizcd s'ugar derivatives. O 1998 Elsevier Science Ltd. All rights reserved. 
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Thc N-Phcnylcarbamoyl protecting group is characterized by its facile 

introduction to an alcohol through the treatment with phenyl isocyanatc in pyridinc, l 

but the conditions for its rcmoval hitherto used arc rather drastic, i.e.. treatment 
' ~ . |  . 

with alkoxidc in an alcohol at reflux,-' wtth lithium aluminum hydride in THF or in 

diglymc at reflux, 2h and with trichlorosilanc - triethylaminc in dichtoromcthane; 3 

R--O--C--N--~, ~ 
0 

Phcnylcarbamoyl (Ph-Car) 

the protecting group is stablc from pH 1 to pH t2 in aqueous solution. 4 Therefore, the protccting grtmp has not 

been used conveniently fl~r the synthesis of a complex natural product which necessitates delicate chemical 

differentiation of a varicty of protecting groups under mild conditions. 

Incidentally, a tctrabutylammonium nitrite (Bu4NNO2) - acetic anhydride (Ac~_O) system was 

demonstrated to be remarkably efficient for the dcanilidation of ph~sphoranilidates in an ~lligonucle~tide 

synthesis, i.e., the rcacti~n is over almost instantly, within 1 rain, so tar as the authors use adenosine and 

cytidine derivatives whose cxocyclic amino groups are protected with succinyl or phthah~yl gr~mpsf The 

efficiency of the Bu4NNO2 - Ac20 system was deduced to bc potentially brought about by the in situ formation 

of acctic nitrous anhydride (AcON=O). The anhydride might behave as a strong clcctrophilc toward the nitrogen 

atom of phosphoranilidatcs to givc thc corresponding N-nitrosophosphoranilidatc which is considered t~ bc 

susccptiblc to the nucleophilic attack by the acetate ion concomitantly tormcd. 

Thc efficiency of such a system in thc deanilidation rcaction, and nitrosation of an amidc with NaNO2 - 

Ac20 system (15 h at 0 °C) 6 lcd us to an assumption that utility of the A'-phcnylcarbamoyl protecting group 
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would be tremendously expanded in the fold of synthetic organic chemistry if the system is feasible in 

unmasking of alkyl N-phcnylcarbamates. Therefl)rc, we undertook the present investigation on the basis of 

such an assumption, and, as expected, alkyl N-phenyicarbamates were fi)und to be easily susceptible to the N- 

nitrosation reaction at 0 °C and easily unmasked at 40 °C by the use of the Bu4NNO2 - Ac20 system (Procedure 

A). Further investigation was undertaken, assuming the possibility of nucleophilic attack of the counteranions, 

nitrite and/or acetatc, toward thc carbonyl carbon of an alkyl N-pheny[carbamate without N-nitrosatinn, and it 

was proved that Bu4NNO2 (Procedure B), Bu4NOAc, and CsOAc - 18-Crown-6 (Procedure C 7 are also efficient 

for the unmasking at a higher tcmpcraturc. We wish to communicate the results herein, using a carbohydrate 

derivative as a model compound of alkyl N-phcnylcarbamates. 

Procedure,4 : Initially, the N-nitrosation reaction toward alky[ 

N-phenylcarbamatcs was examined by treatment of 1,2:5,6-di-O- 

isopropylidenc-3-O-(N-phenylcarbamoyl)-c*-D-glucofuranosc (11 

(100 rag) with Bu4NNO2 (4 tool equiv. 7 and Ac20 (3 tool equiv. 7 in 

pyridine (2 mL) at 0 °C, which afforded the corresponding 

O O 
(1): R1 = Ph-Car 

N=O 
(2): R1 = - - C - N - P h  

(3): R1 = H O 

N-nitroso derivative (2) quantitatively. The structure of 2 was confirmed by IH, 13C, and 15N NMR 

spectroscopy. 7 Treating this reaction mixture up to 4(I °C gave unchanged 1 in addition to 1,2:5,6-di-O- 

isopropylidene-~-I~-glucofuranose (3) (63% yield), s Therefore, the way of addition of Ac20 was changed by 

dividing it into 3 parts and adding them portionwisc at intervals, i.e., 1 (100 rag) was treated with Bu4NNO2 (4 

tool equiv.) and Ac20 (1.5 tool equiv.) in pyridine (2 mL) at 0 °C for 10 rain, and warmed up to 40 °C and kept 

at that tcmperaturc fl)r 2 h. The resulting mixture was cooled down to 0 °C again, A ~ O  was added (1.2 tool 

equiv.), warmed up to 4t1°C again, and kept at 40 °C fi)r 2 h. This procedure was repeated once more with the 

use of Ac20 (1.0 mo[ equiv.). Subsequent work-up, involving column chromatographic purification after 

quenching the mixture with a saturated aqueous solution of sodium hydrogencarbonatc, gave 3 in an improved 

yield of 8(1%. ~ Such an improvcmcnt might be attributed to the potential instability of AcON=O produccd in situ 

and the reverse reaction of A'-denitrosation from 2 to 1 involved therein. Proccdurc A thus conceivably 

involves a two-step reaction mechanism as shown in Scheme 1, i.e., 17 quantitative N-nitrosation reaction of an 

alkyl N-phenylcarbamate I into 2 by AcO-N=O at 0 °C, and, subsequently, 2) the nucleophilic attack of a 

nuc[eophile (Ac-O- andh)r O=N-O-) onto the carbonyl carbon (unmasking reaction from 2 to 3 ; Path I) or to the 

nitrogen of the nitroso function (rcvcrse rcaction from 2 to 1 ; Path [I) at 40 °C. Procedure A was then applied to 

~hc unmasking of methyl 4,6-O-benzylidene-2-O-(N-pheny[carbamoyl)-¢~-D-glucopyranoside derivatives [3-0- 

bcnzyl (4a, RI = Bn; Entry 1), -methoxymethyl (4b, RI = MOM; Entry 2), -acetyl (4c, Rl = Ac; Entry 37, 

Nu-N=O Path 11 

9 I H O N=O Path l 
R-O-C-N-Ph + Ac-O-N=O ~ Ac-OH + R-O-C-N-Ph ,~ 

(RO-Ph-Car) l ~ ' - N u -  (Path I) 

Bu4N-O-N=O + Ac20 

Scheme 1 

R-OH + Ph-NH 2 + C O  2 t 

NI-N-~I:  AcO- ,  NO2" 
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Ph~-"~O 
Me 

Substrate (4a-1) 

(4a): R 1 = Bn (4d): R1 = Bz 
(4b): R1 = M O M  (4e): R1 = T B D M S  
(4c): R1 = Ac (4f): R1 = Piv 

Product (5a-f} Product (5c'-f') 

1 (4a) 

[ Procedure A ~: 2 (4b) 

3 (4el 
Bu4NNO2 (4.0 tool eq.) / 

4 (4d) Ac~O [(1.5 + 1.2 + 1.0 ) tool cq.]/ 

Py. / (1 ° --~ 4(1 °C. 5 (4el 

6 (41) 

[Procedure B ~: 

Bu4NNO 2 (3.0 mol cq.) / 
DMF / 80 °C. 

Table 1. Unmasking of N-Phenylcarbamates of Sugar Derivatives 

Yield (%) a) 
Entry Substrate Procedure 

Product 

A 

(5a): quant. 

(5b): quant. 

(5c): 93 (5e'): - 

(5d): 83 (5d'): - 

(5el: 79 (5e'): - 

(51): 93 (5['): - 

7 (4a) t 8 (4b) 
B 

9 (4el 

10 (4d) 

11 (4el B b~ 

12 (41) B 

(5a): 88 

(5b): 91 

(5c): 46 5(c'): 36 

(5d): 44 5(d'): 39 

(5el: 52 (5e'): 19 

(5t"): 44 (5l~): 31 

a) Isolated Yield. 
b) The reactiun was carried out at [ Ill °C. 
c) All reactions wcrc perli)rmed until the disappearance ()1" the corresponding 
starting materials on TLC (ca. 4 -12h). 

-benzoyl (4d, R1 = Bz; Entry 4), -t-butyldimethylsilyl (4e, R1 = TBDMS; Entry 5), and -pivaloyt (4f, Rl = 

Piv; Entry 6)]; the rcsults thus obtained arc summarized in Entries 1 - 6 in Table i. It is of particular interest 

that, during the unmasking, no acyl and silyl migration was observed in the cases of thc 3-O-acylates and 

-silylatc, and the O-(N-phenylcarbamoyl) protecting group could thus be discriminated chemically from the O- 

acety[ and O-benzoyl groups through Procedure ,4. 

In the coursc of discussion on the mechanistic aspect of thc second step in Procedure .4, we assumed a 

possibility that the nuclcophiles could attack the carbonyl carbon of 1 to givc 3, and, as expcctcd, an alkyl N- 

pheny[carbamate was confirmed to bc unmasked at a higher temperature; the results thus obtained are described 

below in Procedures B and C. 

Procedure B using Bu4NNO2 as the nucleophilc: Treatment of 1 with Bu4NNO2 (3 tool equiv.) in DMF 

at 80 °C fl~r 1.5 h was successful to givc 3 quantitatively. Similar treatment of 4 a - f  with Bu4NNO2 (3 tool 

equiv.) resultcd in reasonable yields of 5 a - f  us summarized in Entries 7 - 12 in Table 1. In this case, however, 

the corresponding 3-acctate (4c; Entry 9), 3-bcnzoatc (4d; Entry 10), 3-pivaloatc (4f; Entry 12) affl)rded a 

mixture of the corrcsponding 3-acylates ( 5 c , d , f )  and 2-acylatcs ( 5 e ' , d ' , f ' ) ,  and 4e (Entry 11) affi)rded a 
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mixture of 3- (5el 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-t)-glucopyranoside (6) gave the 

(7) in 96% yield. It is also of interest that Procedure B could 

differentiate the O-acyl groups from the O-(N-phenylcarbamoyl) 

group efficiently. Incidentally, it was confirmed on monitoring by 

TLC that "all the reactions herein involved no N-nitrosation reaction. 

corresponding 2-hydroxyl derivative 

OTr 

(6): R 1 = Ph-Car AoO'~'~'~MO~"~"~ 
(7): R~ = H M R~O-Me(~ 

Procedure C using tetrabutylammonium acetate and cesium acetate - 18-crown-6: On treatment with 1 in 

DMF at 811 °C for 1.5 h, nuclcophilcs of Bu4NOAc (3 tool 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 under the conditions described above. 
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7. IH, 13C, and LSN NMR spectroscopic data of 2 obtained in DMSO-d6 are as follows: 1H NMR: ,'i 7.54 - 

7.L3 (5H, m, Ph), 5.93 (IH,  d, H-i,./1,2 = 3.6 Hz), 5.34 (1H, d, H-3, .13,4 = 3.0 Hz), 5.00 (1H, d, H-2), 

4.33 (IH, dd, H-4, ./4,5 = 5.6 Hz), 4.04 (1H, ddd, H-5, J5,6a = J5,6b = 6.3 Hz), 3.68 (1H, dd, H-6a, 

J6a,6b = 8.6 Hz), 3.62 (1H, dd, H-6b), 1.48, 1.33, 1.31, and 1.24 (3H x 4, each s, Me); 13C NMR: ,~ 

152.3 (C=O), 130.2, 129.9, 129.4, 128.1 (Ph), 111.4, 1(18.2 (C(CH3)2), 104.6 (C-I), 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); tSN NMR (MeNd2 = -5.00): /~ +21(I.9 

lEON(NO)Phi and -97.5 ICON(NO)Phi. 
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 thc way of addition of acetic anhydride to Bu4NNO2 in this reaction is crucial as 

follows: BuaNNOe to Ac20 (1(1 to 8 mol equiv.) gave 3 (60% yield) and its acetate, 4 to 1.5 mol equiv. 

gave 3 (39% yield), and 4 to (1.5 + 1.2) tool equiv, gave 3 (77% yield). 

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


