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ABSTRACT
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A new transformation of 2-azido-1-hydroxy-containing compounds to nitriles with one carbon less than the starting materials by oxidation was

reported. The reaction can be performed under mild conditions.

Nitriles have proven to be versatile building blocks in organic
synthesis. They undergo a variety of synthetically useful
transformations such as reduction, alkylation of their imino
enolates, enzymatic hydrolysis to acids or amides by nitrile
hydratasé,and Ritter reactiod.Functionalized nitriles such
as ketonitriles are important synthetic intermediates. Meth-
odologies for the synthesis of ketonitriles include the
Beckmann fragmentation of cycliz-hydroxy oxime$ and

the cleavage of trisubstituted cyclic olefins with (diacetoxy-
iodo)benzene (DIB)/(TMS)N Alternatively, Pb(OAcy
(TMS)N3,> CAN/NaNs,® or photooxygenation in the presence
of NaNs/Cu(OTf),’ can achieve the same results. On the other
hand, highly functionalized aldononitriles have found wide-
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spread applications as chiral synthons in the preparation of
polyhydroxypiperidines (1,5-iminoalditols) and polyhydroxy-
pyrrolidines (1,4-iminoalditols); the latter are glycosidase
inhibitors® Several approaches to aldononitriles from car-
bohydrates have been described in the literature, including
the direct addition of HCN to aldoses (Fischilliani
cyanohydrin synthesi§)the dehydration of aldose oxim#s?

the reaction ofN-bromoglycosylimines with Zn/Ag graph-
ite,!! and the alkoxyl radical fragmentation of reducing
sugarst? Herein, we now disclose a novel oxidative trans-
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formation of 2-azido-1-hydroxy-containing compounds to || N

nitriles having one carbon less than the starting materials + p1e 1. conversion of8-Hydroxy Azides to Nitriles

(Scheme 1). isolated
entry substrate product yield
— ] (%)
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As shown in Table 1, the polyfunctionalized azido alcohol 3 4
1, prepared from glucose by a series of well-established o N O\ N 9\
functional group manipulations (see Supporting Information), 5 \/\3([ Crattes _\(g[ Crabloe 68
was chosen as our first substrate. Simple treatmehiwth ;
2 equiv of PCC in CHCI, at room temperature surprisingly 3 6
afforded nitrile 2 in 67% isolated yield, and none of the Nsogn e 98
expected aldehyde or carboxylic acid was obtained (entry HO/\@ Lo
1). Similarly, azide3 was smoothly oxidized by PCC under 4 1 1 72
the same conditions to provide nitrdlen 64% isolated yield T I
(entry 2). The phytosphingosine precur&t reacted with 7 8
PCC, yielding produd in 68% isolated yield (entry 3). The o N o
furanoside¥ and9 were also oxidized to the corresponding 5 \ od § 75
nitriles 8 and 10 in good yield (entries 4 and 5). When the B0 O~ T
amino alcohol derivativé1 was treated with PCC, the nitrile 9 10
12 was accessed in 62% vyield, and the edt8was also Ns .
obtained as a side product in 23% yield (entry 6). The simple BZOWOH ? OOVCN 62
B-hydroxy azidel4** underwent this transformation, provid- 6 11 " 132
ing the desired nitrilel5. However, the isolated yield was B0~ A0
not good (36%), mainly due to the formation of esldér 6 @OBZ 23
(45%) (entry 7). When the diazido compourdld was 13
subjected to oxidation, the nitril&8 was isolated in 26% Ph_CN 36
yield, and theo,f-unsaturated aldehydé'> was also formed Ny 15 )
(33%) (entry 8). 7 Ph _A_OH o o X e
To explore the scope of this new transformation, the azido- 14 \/\o( 45
containing pyranose derivative and 21 were prepared. 16
The oxidation reaction 020 with PCC led exclusively to OBn
the formation of sugar lacton22 in 90% isolated yield; Bn OBn
L o . . : OBn C?\Is CN 26
significantly, no nitrile was obtained. Pyranosigg with a B 18
secondary hydroxy next to the azido group was left undis- 8 Q% OH OBn
turbed when treated with PCC under the same conditions, 17 Bnow” 13
allowing the recovery of the starting material (Scheme 2). It =20
appears that the transformation to nitriles fr@grmydroxy 19

azides does not occur in pyranoses.

Other types of hydroxyl-substituted azides were also (889 yield) with the azido group unchanged (Scheme 3).

examined. Because the conversionyefiydroxy azides to  Thjs outcome is similar to that of-hydroxy azides.
y-ketoazides by oxidation is knowfi,0-hydroxy azide23

was chosen as the substrate. Treatme3ofith the same

manner as that mentioned above affordelletoazide24 Scheme 2
OBn OBn
(12) (a) Gonzalez, C. C.; Kennedy, A. R.; Leon, E. I.; Riesco-Fagundo, Né pCC N3
C.; Suarez, EAngew. Chem., Int. E@001, 40, 2326-2328. (b) Hernandez, BnO OH oo Bno O
R.; Leon, E. I.; Moreno, P.; Suarez, E. Org. Chem1997,62, 8974— CHzCl, o
8975. (c) Hernandez, R.; Leon, E. |.; Moreno, P.; Riesco-Fagundo, C.; oBn OBn 22 (90%)

Suarez, EJ. Org. Chem2004,69, 8437—8444. (d) Wipf, P.; Mareska, D.
A. Tetrahedron Lett2000,41, 4723—4727.

(13) Schmidt, R. R.; Maier, TCarbohydr. Res1988,174, 169—179. OTBDPS
(14) Hedenstrom, M.; Holm, L.; Yuan, Z. Q.; Emtenas, H.; Kihlberg, J. Ng) PCC '
Bioorg. Med. Chem. Let@002,12, 841—844. O, TChon - o reaction
(15) Nugent, T. C.; Hudlicky, TJ. Org. Chem1998,63, 510—520. OMe 2z
(16) Liu, K.-G.; Yan, S.; Wu, Y.-L.; Yao, Z.-2rg. Lett.2004 6, 2269~ 21
2272.

1008 Org. Lett, Vol. 8, No. 5, 2006



s formed as intermediates in this transformation and suggest

Scheme 3 that the reaction instead involvesazido aldehyde inter-
oBn OBn mediates.
Na on oo Ns On .the basis of these gxpgriments, a possible_ mechanjsm
BnO OBn  —no, T B OB for this new transformation is proposed. As displayed in
OBn OB Scheme 5, the substra®l is oxidized by PCC to first
23 24 (88%)
|
Scheme 5
The transformation off-hydroxy azides to nitriles may New- e
involve an aldehyde or carboxylic acid intermediate. To Ns o N5 NZON
determine whether the transformation is mediated through a A — RAH*E:VOH RJ\?_'_E_O
carboxylic acid intermediate, an-azido carboxylic aci®7 31 32 33

was synthesized starting from phenylalanine derivafige l
via diazotransféf and saponification operations (Scheme 4).

_ NN 0] Moy
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Scheme 4 corle 38 34
NH; TN Ns
PthCOgCH3 CHzéIZ Phy\co2CH3N:—fc:|' generate the key intermediate aldehy82 which then
25 26 (87%) undergoes intramolecular azido nucleophilic attack on the
Ns carbonyl to forn33. The proton transfer &3 affords alcohol
Phy\ _PCC 1o reaction 34, which is then oxidized again to give the ket@%e The
COH  CHyCl, release of carbon monoxide and nitrogen with the cleavage
27 (80%) of C—C, C—N, and N—N bonds would then afford the final
OBn nitrile 36.
OBn o  oBn In conclusion, a new transformation of 2-azido-1-hydroxy-
HO oH _Naloy | MOTBDPS containing compounds to nitriles accompanied by a one-
N; OTBDPS e e N carbon loss is disclosed. It seems that the hydroxy function-
28 ° 29 ality on a primary carbon adjacent to the azido group is
o8n necessary for the success of this transformation. To the best

1_oraops of our knowledge, no such conversion has previously been
NC reported in the literature. This reaction can be carried out
30 (82%) : " . X S
under mild conditions. The reaction may find applications
in the synthesis of chiral polyfunctionalized nitrile synthons
such as aldononitriles and ketonitriles.
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