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N-Phenyliodonio Carboxamide Tosylates: Synthesis 
and Hydrolysis to Alkylammonium Tosylates 

Summary: The synthesis of N-phenyliodonio carboxamide 
tosylates from carboxamides and [methoxy(tosyloxy)- 
iodo] benzene and their degradative hydrolysis in aceto- 
nitrile to alkylammonium tosylates are described. 

Sir: The direct conversion of primary, aliphatic carbox- 
amides to alkylammonium tosylates with [hydroxy(to- 
syloxy)iodo]benzene (HTIB, 1) in hot acetonitrile has re- 
cently been described.’*2 A mechanism for this reaction 
involving the initial formation of N-phenyliodonio amide 
tosylates and their subsequent collapse to alkyl isocyanates, 
iodobenzene, and p-toluenesulfonic acid was proposed 
(Scheme However, while such a mechanism bears 
some resemblance to that of the classical Hofmann deg- 
radation of carboxamides (i.e,, amide - N-halo amide 
(OH-)_ i~ocyanate),~ it remained speculative since the N- 
iodonio amides were not isolated and characterized. 
Among organoiodine(II1) compounds, N-iodonio carbox- 
amides are rare. We are aware of only three azabenz- 
oxiodoles 2,5 the nitrogen-iodine ylide 36,7a-c and a series 
of “phenyliodine(II1) b i~ imida tes” .~~ We now report a 
mild, efficient synthesis of the first acyclic N-iodonio 
carboxamide “salts“ and a demonstration of their hydro- 
lytic decomposition in acetonitrile to alkylammonium to- 
sylates. 
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[Methoxy(tosyloxy)iodo]benzene (MTIB, 41, prepared 
from HTIB and trimethyl orthoformate,8 is much more 
soluble in acetonitrile at room temperature than HTIB and 
is the reagent of choice for the preparation of N-phenyl- 
iodonio amide tosylates. For example, when a-phenyl- 
acetamide (20 mmol) was added as the solid to a solution 
of MTIB (20 mmol) in MeCN (40 mL) at room tempera- 
ture, the amide soon ”dissolved”. Shortly thereafter (ca. 
1 min), N-phenyliodonio a-phenylacetamide tosylate (5 )  
precipitated and was isolated in 76.5% yield; eq 1.’ The 
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structure assigned to 5 is consistent with its elemental 
analysis (C, H, I), IR spectrum (Nujol, 1699 cm-’ (C=O)), 
and conversion in concentrated hydrochloric acid to (di- 
ch1oroiodo)benzene and a-phenylacetamide; eq 2. Al- 
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though 5 is moderately stable in the solid state, it is quite 
labile in those solvents capable of effecting its dissolution, 
and an ‘H NMR spectrum of the intact compound was not 
obtained. Even so, the ‘H NMR spectrum of “5” in CDC13 
was informative since benzyl isocyanate was among the 
decomposition products (ca. 34-48% yield)1° and was 
identified by peak enhancement with authentic material 
and IR analysis (2270 cm-’ (C=O)) of a concentrated 
sample. When a solution of 5 (1.96 mmol) in EtOH (15 
mL) was heated under reflux, the isocyanate was captured 
by the solvent, and ethyl benzylcarbamate was isolated in 
63% yield. Judging from the results of hydrolysis ex- 
periments, the collapse of 5 to benzyl isocyanate also 
proceeds efficiently in hot acetonitrile. When a mixture 
of 5 (4.0 mmol) in reagent-grade MeCN (25 mL, 0.1% H20 
lot analysis) was heated for 30 min under reflux and cooled 
at ca. -15 to -20 “C, benzylammonium tosylate was iso- 
lated in only 24% yield. However, treatment of the filtrate 
with H20 (72 pL) delivered an additional 62.6% yield of 
the ammonium salt. In a similar experiment, in which 5 
(6.0 mmol) was heated in MeCN (30 mL) to which H20  
(10 mmol) had been deliberately added, benzylammonium 
tosylate was obtained in 81 % yield; the results are sum- 
marized in eq 3. 
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The isolation of 5, its degradative rearrangement to 
benzyl isocyanate in the absence of water, and its hy- 
drolysis to benzylammonium tosylate establish the viability 
of the proposed mechanism for the conversion of amides 
to ammonium tosylates with HTIB. 

The synthesis of N-phenyliodonio amides with MTIB 
has been extended to other carboxamides and appears to 
be general (Table I). So too does the hydrolysis of ali- 
phatic N-phenyliodonio amide tosylates to alkylammonium 
tosylates in acetonitrile (Table 11). 

The successful phenyliodination of acetamide with 
MTIB was employed to address one final structural 

(9) 5 has also been prepared by the addition of solutions of MTIB in 

(10) Estimated in several NMR samples from relative areas of benzylic 
acetonitrile to solid a-phenylacetamide. 

singlet of PhCH,NCO and methyl singlet of tosylate species. 
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Table I. N-Phenyliodonio Amide Tosylates from Amides 
and MTIB in Acetonitrilea 

+ 
RCONHIPh, OTs,b R = yield,' % 

66 
68 
80 
89 
90 

Reactions were conducted on ca. a 5-mmol scale in MeCN (13 
mL) by the procedure described for the reaction of a-phenylacet- 
amide with MTIB. bSatisfactory analytical data (*0.40%) for C, 
H, I were finally obtained for all compounds, sometimes only after 
a second analysis of the same sample. Rounded off to the nearest 
percent and based on the limiting reagent. 

Table 11. Hydrolysis of N-Phenyliodonio Amide Tosylates 
to Alkylammonium Tosylates in Acetonitrile 
+ + 

RCONHIPh, OTs MeCN time,b RNH3, OTsc 
R mmol H20f mmol vol, mL h yield, % d  

2.31 2.3 15 1 83 

(CH3)3C 2.10 2.2 15 0.5 81 
2.2 13 0.5 64e 

CH3 

CHB(CH2)d 2.04 2.2 10 0.5 7 9  

(CHJZCH 2.17 

"Based on volume of HzO in pL. bReaction mixtures were 
heated to reflux and maintained under reflux for the specified pe- 
riods of time. CThe  products separated from the solvent when the 
reaction mixtures were kept at room temperatues (R = t-Bu, n- 
C5HI1) or in a refrigerator freezer (R = Me, i-Pr). dBased on un- 
recrystallized products and rounded off to nearest percent: R (mp, 
uncorrected); Me (145.5-147 "C), i-Pr (121.5-127 "C), t-Bu 
(220.5-222 "C), n-C5H11 (88-104 "C). eA second fraction (mp 
120-125 "C, uncorrected) was obtained from the concentrated fil- 
trate by treatment of the residual material with Ego; combined 
yield, 90%. 'Recrystallization of 0.20 g of the crude product from 
MeCN returned 0.16 g, mp 118-119.5 "C (uncorrected). 

question. Although the foregoing results are consistent 
with the N-phenyliodonio amide structure 6 for the 
products derived from carboxamides and MTIB, they are 
not sufficient to rule out the isomeric 0-phenyliodonio 
imidate structure 7. In addition to sharing the same 
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elemental composition, the 0-iodonio imidates should 
exhibit C=N stretching absorption in the same infrared 
region as the C=O band of 611 and might be expected to 
rearrange to N-iodonio amides and hence to isocyanates 
in solution.12 This structural ambiguity was resolved by 
the preparation and FT-IR analysis (Nujo1)13 of the phe- 
nyliodonio derivatives of 15N- and I43-labeled acetamides.14 
If structure 6 (R = Me) is correct, the absorption band at 
1681 cm-I in the IR spectrum of the unlabeled iodonio 
amide should appear a t  about the same frequency in the 
spectrum of 6-15N but a t  a substantially lower frequency 
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(11) Colthup, N. B.; Daley, L. H.; Wiberly, S. E. Introduction to Zn- 
frared and Raman Spectroscopy, 2nd ed.; Academic Press: New York, 
1975; Chapter 11, p 325. 
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W.; Archer, S. In Organic Reactions; Wiley: New York, 1965; Vol. 14, 
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FT-2100 infrared spectrophotometer by Mr. Ketan Shah. The IR ex- 
periment with labeled compounds was suggested by Dr. G. Edwin Wilson, 
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(14) These compounds were prepared from [16N]acetamide (99 atom 
%, Cambridge Isotope Laboratories) and [180]acetic acid (88.2 atom %, 
MSD Isotopes). 
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in the spectrum of 6-180. If structure 7 is correct, the 
opposite would be true. The experimental data confirm 
the N-phenyliodonio amide tosylate assignment. Thus, 
the absorption band in question appears at 1681 cm-l in 
the spectrum of the 15N-isotopomer and at 1654 cm-' (and 
a bit broadened) in the spectrum of the 180-isotopomer. 
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A Novel 3(2H)-Furanone-2(5H)-Furanone 
Rearrangement 

Summary: A novel 3(2H)-furanone-2(5H)-furanone re- 
arrangement that led to the facile preparation of a new 
class of y-lactone amides 6 and 8 is reported herein. 

Sir: Recently,'V2 the synthesis of a number of 2-[N- 
(tram-2-phenylcyclopropyl)amino] -4,5-dihydro-4-oxo-3- 
furancarboxylic acids (1) was reported. In the present 
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1 

communication we wish to report a further extension of 
this work, namely, a novel 3(2H)-furanone-2(5H)-furanone 
rearrangement which was accomplished by treating 2- 
[N-(trans-2-phenylcyclopropyl)amino]-4,5-dihydro-4-oxo- 
3-furancarboxylic acid (2) with 1 equiv of N,N-bis(2-oxo- 
3-oxazolidinyl)phosphorodiamidic chloride (BOP-C1) (3)3 
and an appropriately substituted aromatic amine 5 (1 
equiv), in the presence of trieth~lamine.~ The rear- 
rangement resulted in the facile synthesis of a new class 
of 2(5H)-furanone amides 6 (Scheme I). The mechanism 
of the rearrangement appears to be complex. It is as- 
sumed3 to involve an activation of the carboxyl group of 
acid 2 by BOP-CI via an initial nucleophilic attack on the 
phosphorus atom by the carboxylate anion to give the 
intermediate adduct 4. The latter then rearranges to form, 
in the presence of aromatic amine 5,  the 2(5H)-furanone 
amide derivative 6. 

In addition to the y-lactone amides 6, a number of 4- 
(N-phenylamino)-2,5-dihydro-2-oxo-3-furancarbox~ide 
derivatives 8 were obtained by a similar 3(2H)-furanone- 
2(5H)-furanone rearrangement of 2-(N-phenylamino)- 
4,5-dihydro-4-oxo-3-furancarboxylic acids 7 (Scheme 11). 
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(4) The rearrangement was carried out in methylene dichloride solu- 
tion at  0-10 "C (stirring for 15-45 min) then at ambient temperature 
(stirring for 2-2.5 h). Following ita completion, the reaction mixture was 
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