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H, Cq H’s and NCCH2CH2CH2CC02); A,,, (EtOH) 287 nm; m/e 
269. 

Methyl N-(@- 3,4-Dimethoxyphenethyl)-a-,pyrrolidinylidene- 
acetate ( la ) .  Using the procedure described above, methyl 6- 
chloro-2lhexynoate (3.00 g), sodium iodide (3.00 g), sodium car- 
bonate (anhydrous, 2.12 g), and 3,4-dimethoxyphenethylamine 
(3.60 g) afforded la (4.04 g, 71%) which was recrystallized from 
methanol-water (mp 90-looo): A,, (CH2C12) 1670, 1590 cm-’; 
~ T M S  (CDC13) 6.72 (m, 3 H, phenyl), 4.54 (s, 1 H, vinyl), 3.85 (9, 6 
H, methoxyl), 3.62 (9, 3 H, methyl ester), 3.40 (m, 6 H, C5 H’s and 
phenethyl H’s), 2.88 (m, 2 H, C3 H’s), and 1.85 (m, 2 H, C4 H’s); 
A,,, (EtOH) 290 nm; m/e 305. 

Anal. Calcd for C17H23N04: C, 66.86; H, 7.59. Found: C, 66.88; 
H,  7.61. 

General  Procedure. To a solution of lithium diisopropylamide 
(1.1 equiv prepared from diisopropylamine and 1.8 M butyllithium 
in hexane) in 100 ml of anhydrous THF prepared under a nitrogen 
atmosphere a t  -78’ was added the unsaturated ester in 3 ml of 
T H F  (dropwise). The solution was allowed to warm to 0“ before 
cooling to -78O and rapidly adding benzeneselenenyl bromide (1.1 
equiv, prepared by adding 0.55 equiv of bromine to 0.55 equiv of 
diphenyl diselenide in 3 ml of THF)? The solution was warmed to 
Oo and water, acetic acid, and 30% hydrogen peroxide were added 
rapidly. In all cases the reaction temperature was maintained 
below 25O until gas evolution ceased (30-60 min). The solution was 
poured into saturated sodium bicarbonate and extracted with 
methylene chloride. The combined extracts were washed with sat- 
urated aqueous :NaCI, dried (NazSO4), concentrated in vacuo, and 
purified as indicated below. 
N-(~-3,4-Dimethoxypbenethyl)-2-carbomethoxymethyl~ 

pyrrole (2a). Chromatography of crude product [prepared as de- 
scribed above from l a  (0.50 g)] on silica gel with 5% THF-CHC13 
gave 0.43 g (86%) of 2a: A,,, (CHzC12) 3050 (w), 3000 (w), 2955, 
1740, 1725, 1710, 164c‘, 1515, 1235, 1180, and 1030 cm-l; STMS 
(CDC13) 8.13 (d, J = 6 Hz, 1 H, C5 H), 6.67-6.83 (m, 3 H, phenyl), 
6.28 (dd, J = 6, 1.5 Hz, 1 H, Cq H) ,  5.48 (m, 1 H, C3 H), 3.83 (s, 9 H, 
carbomethoxyl and methoxyl), 3.75 (s, 2 H, -CH&02-), 3.73 (t, J 
= 8 Hz, 2 H, NCI-f&), 2.77 (t, J = 8 Hz, 2 H,  benzylic); m/e 303. 

N-(S-Carbomethoxypentyl)-2-carbomethoxymethy~pyrrole 
(2b). Alkylation and aromatization of l b  (0.38 g) gave 0.27 g 
(71%) of 2b (oil), purified by chromatography on silica gel: A,, 
(CII2C12) 3030, 2950, 1735, 1730, 1610, 1420, 1125, and 1040 cm-l; 
STMS (CDC13) 8.1.1 (d, J = 6 Hz, 1 H, Cs H), 6.30 (dd, J = 6 Hz, 1 
H,  Cq H), 5.57 (m, 1 H, Cs H), 3.60-3.95 (m, 10 H, -C02CHs, 
-C02CH3, NCHzC, and -CH2C02), 2.30 (m, 2 H, -CH2CH&02), 
and 1.1-1.7 [m, 6 H, -(CH2)3-]; A,,, (EtOH) 270 nm. 
2-(Carboorhoxymothyl)-5-methylfuran (20). Alkylation and 

aromatization of IC (1.7 g) gave 1.58 g (94%) as a light yellow liquid 
(unstable in air): Amax (film) 3010, 2950, 1745, 1700, 1640, 1380, 
1120, and 1045 cm--l; BTMS (CDcI3) 6.07 (m, 1 , Cq H), 5.92 (m, 1 

C&), 2.23 (s, 3 H, Cs methyl), and 1.21 (t, J = 7.2 Hz, 3, H, -CHp 
CHa); m/e 168; A,,, EtOH) 223 nm. 
2-(Carboetho:~ymethyl)-S-methylthiophene (2d). Alkylation 

and aromatization of Id (0.93 g) gave an oil (0.88 g) which was 
chromatographed on silica gel with 10% ethyl acetate-chloroform 
to give 0.76 g (81%) of 2d: A,,, (film) 2950, 2920, 2870, 1740, 1695, 
1.580, 1185 (SI, and 1040 cm-l; B T M S  (CDCla) 7.40 (m, 1 H, Cq H), 
6.60 (m, 1 H, C3 H), 4.13 (9, J = 7 Hz, 2 H, OCHaCHs), 3.70 (s, 2 
H,  -CH2COd, 2.40 (8 ,  3 H,  6 6  met,hyl), 1.28 (t, J = 7 Hz, 3 H, 
-CH&H3); m/e 184; A,,, (EtOII) 242 nm. 
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Allylic phosphates and pyrophosphates are key interme- 
diates in the biosynthesis of terpenoids, steroids, and many 
other natural products. In view of the extensive studies on 
such systems and the intense current interest in head-to- 
head processes such as the farnesyl pyrophosphate 4 
squalene conversion,l it  is surprising that no example of an 
allylic isomerization of a phosphate, phosphonate, or phos- 
phinate has been reported. Solvolysis of linaloyl phosphate 
in 70% aqueous acetone gave no detectable internal return 
to geranyl and neryl phosphates.2 In the spontaneous de- 
composition of geranyl and neryl diphenyl phosphates in 
ether, linaloyl diphenyl phosphate was suggested as an in- 
termediate, but could not be detected? Finally, a labeled 
allyl diphenylphosphinate showed no scrambling of the 
allyl group a t  2 2 0 O . 4  We wish to report a simple system in 
which allylic isomerization is facile and some evidence 
which suggests the mechanism of the rearrangement. 

The compounds selected for study were crotyl phenyl- 
phosphonate (1) and a-methylallyl phenylphosphonate (2). 
The monoesters were obtained from the reaction of phenyl- 
phosphonodichloridate with 1 equiv of the corresponding 
alcohol, followed by aqueous work-up. The oily products 
could not be distilled, but were purified by an extraction 
sequence. Samples slowly deteriorated a t  room tempesa- 
ture, but could be stored for months at  -loo without de- 
composition. 

The interconversion of 1 and 2 was effected by heating a 
10% solution of either compound in chlorobenzene or nitro- 
benzene. The isomerization was conveniently monitored by 
NMR, the methyl doublet of 2 occurs about 0.27 ppm up- 
field from the complex methyl region of the cis-trans mix- 
ture of 1. The equilibration was accompanied by some de- 
composition, but equilibrium could be approached from ei- 
ther side. The equilibrium mixture in nitrobenzene at  80° 
is ca. 30:70, favoring the more substituted double bond in 1. 

The following experiments5 are pertinent to the mecha- 
nism of the rearrangement. (1) The rate of isomerization is 
concentration dependent, becoming faster at  higher con- 
centrations. (2) The rearrangement is completely inhibited 
by pyridine, but is accelerated by trifluoroacetic acid. (3) 
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The reaction is ea. 2.5 times faster in nitrobenzene than in 
chlorobenzene under similar conditions. (4) Rearrangement 
cannot be observed in hydroxylic solvents; rather, the allyl- 
ic group is cleaved. ( 5 )  The a-methylallyl methyl ester 4 
undergoes isomerization to the crotyl methyl ester 3 at 
B30°, but a t  a rate ca. 20 times slower than the isomeriza- 
tion of 2 to 1 at the same temperature and concentration; 
this reaction is accelerated by the free acid 2. 

One intriguing mechanistic possibility for the isomeriza- 
tion is a 3,3-sigmatropic shift. This pathway has been dem- 
onstrated in the isomerization of allylic thiophosphates in 
which the oxygen to sulfur migration is accompanied by in- 
version of the allylic group.6 An allyl phosphinate was 
found not to undergo such Claisen-type rearrangements: 
but a monoallyl phosphonate such as 2 bears a labile acidic 
proton. The more nucleophilic oxygens in the anion of 2 
might be more prone to initiate the sigmatropic shift. 

The data clearly eliminate this possibility, however; the 
inhibition by pyridine indicates that the anion is inert, 
while the concentration dependence and effect of trifluo- 
roacetic acid require that the reactive species is either the 
neutral or protonated 2. 

An ionic mechanism involving C-0 cleavage to produce 
allylic cations is completely consistent with the observa- 
tions. In hydroxylic solvents, the cations are intercepted 
without internal return and no isomerization is observed. 
The rate increase in nitrobenzene over chlorobenzene also 
supports this conclusion. The function of acid may be 
merely to prevent ionization of the strong phosphonic acid; 
in this case the neutral acid 2 would dissociate to an ion 
pair.7 The isomerization of the neutral methyl ester 4 
under nonacidie conditions shows that such a pathway is 
likely. On the other hand, the much slower isomerization of 
4 suggests that 2 may react in a protonated form to produce 
a neutral phosphonic acid and an allylic cation which then 
recombine; such a mechanism seems required for the acid 
catalysis of isomerization of 4. Cleavage in both neutral and 
protonated forms has been suggested for dibenzyl phos- 
phates and it appears that both mechanisms occur with 
rather similar energies for the allylic esters under the con- 
ditions described herein. 

It thus appears that ionic mechanisms direct the isomer- 
ization of allyl phosphonates even in chlorobenzene. The 
detection of this rearrangement is a special case in a non- 
nucleophilic solvent; the possible significance of such rear- 
rangements in biological systems remains unknown. 

Exgqrimental Section 
Preparat ion of 3-Buten-2-yl Phenylphosphonate (2). A solu- 

tion of phenylphosphonodichloiidate (19.5 g) and pyridine (19 g) 
in anhydrous ether (300 ml) was stirred in an ice bath under argon 
while 3-buten-2-01 (6 0 g) was added over 15 min. After warming to 
room temperature, the mixture was poured into ice water contain- 
ing 4 g of NaOH The organic layer was separated, extracted with 
bicarbonate, and discarded. The aqueous layer and bicarbonate 
extract were acidified to p H  <I with concentrated HCl and ex- 
tracted thrice with 75 ml of chloroform. Evaporation of the chloro- 
form extracts gave a colorless oil which was treatedg with a solu- 
tion of 12 g of barium hydroxide in 120 ml of water. Ethanol (100 
mi) was added and the precipitate was removed. The filtrate was 
concentrated on a vacuum pump to about one-half the volume, 
then adjusted to pH < I  with concentrated HC1 and extracted with 
ether (3 X 50 ml) The organic layers were combined, dried, and 
evaporated to give 7 4 g of a viscous oil. 

Anal Calcd for CioH1303P: C, 66.58; H, 6.18. Found. C, 56.31; H, 
5 93 

The NMR (CDC13, Varian A-6OA) showed complex multiplets 
centered a t  S 7 7 (2 PI) and 7.3 (3 H) (aromatic protons) and a t  5.7 
( 3  N) and 5 0 ppm (3 H) (vinyl and methine protons) plus a dou- 
blet for the methyl group at  1.31 ppm. 

The 2-buten-1-yl phenylphosphhate I, a known compound,1° 
was prepared from crotyl alcohol by a similar procedure. Its NMR 

spectrum (CDCl3) showed multiplets at  7.7 (2 H) and 7.3 (3 H) (ar- 
omatic protons), 5.57 (2 H) (vinyl) and 4.5 (2 H) (methylene), and 
a broad doublet a t  1.58 ppm (3 H) for the methyl group. 

Equilibrations. Weighed samples of 2 or 1 in a NMR tube were 
diluted with 0.60 ml of chlorobenzene or nitrobenzene and im- 
mersed in a constant-temperature bath a t  79.9O. The samples were 
withdrawn and NMR spectra recorded a t  regular intervals. Effects 
of pyridine, DzO, and trifluoroacetic acid were determined by add- 
ing a known amount of each to the initial sample. 

On one occasion, to confirm that 1 was the product from 2, the 
equilibrated sample after 15 hr in chlorobenzene at 80° was 
pumped to dryness on a vacuum pump and put through the ex- 
traction sequence described above in the preparation of 2. The 
NMR remained that of a mixture of I plus 2. 

Methyl 3-Buten-2-yl Phenylphosphonate (4). A solution of 
phenylphosphonodichloridate (25.4 g), pyridine (21 g), and 300 ml 
of ether was stirred in an ice bath under argon while first methanol 
(4.5 g) and then 3-buten-2-01 (8 g) were added dropwise. The mix- 
ture was filtered and the filtrate was washed with bicarbonate, 
dried over MgSOd, and evaporated to give 16 g of colorless oil. The 
oil was fractionated by Kugelrohr distillation to give 9 g of 3 a t  
130° (0.01 mm). 

Anal. Calcd for CllH1503P: C, 58.38; H, 6.69. Found: C, 58.14; H, 
6.60. 

Registry No.-], 53940-78-6; 2, 53940-79-7; 3, 53940-80-0; 4, 
53940-81-1; phenylphosphonodichloridate, 824-72-6. 
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The synthesis of light-sensitive polymers containing sul- 
fonyl azide groups requires functional monomers, which 
can be readily prepared from inexpensive startsing materi- 
als. For the construction of these polymers two principies 
can be used: (a) reaction of an arenesulfonyl azide contain- 
ing two functional groups with another difunctional mono- 
mer to produce addition or condensation polymers, and (b) 
reaction of a monofunctional arenesulforiyl azide with a 
multifunctional linear polymer. Mono-, as well as difunc- 
tional, arenesulfonyl azides were prior to our investigation 
virtually unkn0wn.l 

A readily available starting material for the synthesis of 
functional arenesulfonyi azides is 4-isocyanatobenzenesul- 
fonyl chloride (l) ,  which is obtained in high yield by phos- 
genation of sulfanilic acid.4 In order to  achieve a complete- 
ly selective functionalization of 1, it was treated with excess 
ethylene glycol or triols a t  room temperature in acetonitrile 


