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From Azides to Nitro Compounds in a Few Seconds Using HOF -CH3CN
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Professor Sharpless, the 2001 Nobel Laureate, stated in a recent The speed of the reaction made us wonder if other oxygen-
paper that azides “usually make fleeting appearance in organictransfer agents would be as effective as HCH;CN. We refluxed
synthesis” mainly because of “irrational fedrTheir chemistry is methylene chloride solutions df with 8 mol equiv of MCPBA
indeed conspicuously underdeveloped and mainly associated withfor 6 h and recovered more than 98% of the starting material.
reduction to amines. The “opposite” reaction, namely oxidation to 1-AzidodecaneX) was quantitatively recovered also after treatment
nitro compounds, is practically unknown with the exception of with 14 mol equiv of dimethyldioxirane (DMDO) for several hours.
Corey’s multistep method of converting the azides first to phosphine It seems that HOfEH;CN is a stand-alone oxygen-transfer agent
imines (RN — RN=PR;) followed by ozone oxidation. The nitro  when the transformation of azides to nitro compounds is in question.

derivatives thus obtained (400% vyield) were accompanied by The only limitation of this reaction is the ability of making the
the corresponding phosphine oxides as well as by aldehydes, whichazides, but once they are at hand the rest is easy. Although HOF
in certain cases were the sole products. CHzCN is known to react with aromatic rind% this reaction is

Some years ago we developed the HOH;CN complex, simply relatively slow, and therefore the ring in benzyl azi@ will
by bubbling diluted fluorine (commercially available) through not interfere with the immediate reaction of the azido moiety to
aqueous acetonitrife.This oxygen-transfer agent was used for give almost quantitativelg-nitrotoluene 4). Neither will an ester

epoxidations of various types of olefiftgxidation of alcohols group, which remains intact for the duration of the reaction.
and methyl ethefgto ketones as well as the conversion of ketones 5-Azidopentyl acetates], obtained in 94% yield from 5-bromopen-
to esters via the BayetVilliger reaction® oxidation of sulfides, tyl acetate, was quickly converted to 5-nitropentyl acet&8}¥ (n

including electron-depleted ones, to sulfoemd much moré. 90% yield. HOFCHCN is able to substitute tertiary hydrogens
This reagent has also been used to convert primary aPnames with a hydroxyl groug® in a slow reaction. It is not surprising then
even amino acid8 to the corresponding nitro compounds. HOF  to find that 1-azidoadamantan®) (was converted to 1-nitroada-
CH3CN was also reacted with tertiary amines to prodesxides! mantane §)1° in 95% yield without affecting the three tertiary
and reacts with 1,10-phenanthroltiéo furnish theN,N'-dioxide, hydrogens found in the starting azide. Secondary azides are excellent
a compound which has eluded synthesis for more than 50 years.substrates as well. Preparing cyclohexg) énd cyclopentyl 10)
These processes strongly supported the notion that the oxygen atonazides from the corresponding bromides is straightfordfehd

of this reagent is a very strong electrophile indeed. This and the again a 5-s, 0C reaction with 3 mol equiv of the reagent is all it
fact that many transformations could be accomplished only by‘HOF takes to obtain nitrocyclohexan&l) and nitrocyclopentanel®)
CH3CN and not by any other oxygen-transfer agent encouraged usin good yields.

to examine if the carbon-bonded nitrogen of azides would be One of the advantages of HGEH;CN is that its electrophilic
nucleophilic enough to interact with the oxygen atom of HOF oxygen comes from water, which is the best source for all oxygen
CH3CN. One quick experiment was enough to provide an encour- isotopes. We have passed fluorine through a solution of acetonitrile

aging answer. and K80 and obtained HOFCH;CN, which was reacted with
1-Azidodecanel) was easily prepared from bromodecane and 1. HRMS (Cl) data f/z= 190.157446, calcd for {gH,oN180, (M
sodium azide in excellent yields following a literature procedére. — 1) 190.15789] confirmed that the two oxygen atoms of the

A solution of 3 mol equiv of HORCH;CN was then added to a  nitrodecane 11, 98% yield) are the expected [18]O isotope.

methylene chloride solution of at 0 °C. A release of N was

immediately observed, and in a few seconds the reaction was over, Fo + Hy'80 + CH3CN
|

forming 1-nitrodecane2)!4 in 92% yield?!® CyoH2¢N'80, (98%)
H‘BO*:-CH:;CN 1
RBr NaNs g, _Fa*H20.+ CHON RNOz  + N,
HOF-%HacN The reaction works also with aromatic azides, although it is not
as practical as the reaction with the aliphatic ones, mainly because
1 R = CqoHas 2 (98%) these azides are usually made from the corresponding aromatic
3 A = PhCH . amines, which are themselves_exc_ellent sgbstrates for pxidation by
2 4 (96%) HOFCHsCN to the nitro derivative®* Still, the reactions of
5 R = ACO(CHp)s 6 (90%) aromatic azides could shed IighF on Fhe mechgnism of thi_s re_action.
In contrast to the short reaction times required for oxidation of
7 @7 8 (95%) aliphatic azides, conversion of azidobenzeh® (o nitrobenzene
(13) required almost an hour. On the other hand, nitrosobenzene
9 cyclo-CgH 11 (80%) (14) was oxidized by HOFCH;CN immediately. The more electron-
rich carbon-bonded nitrogen of 4-methoxyazidobenzé&Bgréacted
10 cyclo-CsHo 12 (80%) considerably faster that2 (10 min versus 1 h), to give 4-nitroani-
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sole in 65% yield. What is more, one could clearly observe the element. Today there are more than a hundred. We hope this work
development of an intensive blue color of the nitroso derivative will contribute to increase this number.

(17) which was formed and then disappeared after a few seconds. Acknowledgment. This work was supported by the Israel
It should be noted that 4-azidonitrobenzef8)(was found to be  science Foundation, founded by the Israel Academy of Sciences
unreactive toward the electrophilic oxygen of the reagent becausegnd Humanities.

of the low electron density of the carbon-bonded azido nitrogen.
These observations support a two-step reaction mechanism. TheReferences
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In conclusion, we have demonstrated that the HCHRCN is in this work. They were passed at a rate of about 400 mL/min through a
~ ; cold (=10 °C) mixture of 60 mL of CHCN and 6 mL of HO. The
probably the best oxygen-transfer agent chemistry has to offer. It development of the oxidizing power was monitored by reacting aliquots

is capable of transformations which cannot be completed by any with acidic aqueous solution of KI. The liberated iodine was then titrated

H ; ; with thiosulfate. Typical concentrations of the oxidizing reagent were
other reagent, and the reaction RN- RNO, is an important around 0.4-0.6 mol/L. With the exception of the [18]O-labeldd, the

example. The only “problem” with this agent is the reluctance of final nitro products are known. Their spectral properties are in full
i i i agreement with those described in the literature.
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