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Abdract--The Ag’ induced reaction of achloronitroms with unsaturated ethers goes in two parallel compctidve 
directions. On the one hand cyclordducts like 3 are formed and on the other hand oxonium ions like 4. Formation 
of analogous oxonium compounds occurs also when a-alkoxynitroms arc treated with E1,0+BF,- in l.2- 
dichloroctham. Formation of oxonium compounds with the enol+thcrs is practically irreversible and leads to 
enoltlhcr fragmentation. With the saturated ethers compounds like 25 were formed and were used as a potential 
source of N-alkyl-N-vinyl-nitrosonium ions. 

The Ag’ induced cycloaddition of o-chloronitrones to 
polycyclic cnolcthers was applied for the construction 
of propellanes like 3 (Scheme I). These were key inter- 
mediates in a synthesis of medium ring lactones 5.’ The 
main reaction products in the Ag* induced reaction with 
the enol ethers were the hydroxy-ketones like 6. It was 
assumed that the latter were formed in a parallel process 
involving the reaction intermediate 21 and the enolcther 
which gave oxonium compound 4. This intermediate was 
assumed to hydrolyse under the reaction work-up 
treatment (20% KCN-water) to the keto alcohol. We felt 
it was necessary to study the influence of the basic 
ether-O-atom on the Ag+ induced reaction of Q- 

chloronitrones. This involved: (a) Looking if the strut- 
ture of the unsaturated ether affects this undesired 
Process e.g. comparing the behaviour of 9, 13. 16, 18 and 
20 in the Ag+ induced reaction with achloronitrones. (b) 
Checking if oxonium compounds analogous to 4 could be 
prepared independently as potential sources of the 
elusive N-alkyl-N-vinyl-nitrosonium ion. 

RmnlsAND-ON 

It was noted before that ester groups compete with the 
double-bonds in the Ag’ induced reaction of achloroni- 
trones with unsaturated esters.’ This diiculty could 
partially be solved by changing the reaction conditions. 
With the aromatic ethers, e.g. l&dimethoxy benzene, no 
difficulty in the electrophyllic substitution reaction was 
observed and ether cleavage did not play an important 
role in that reaction.’ with the enolcthers. basic O-atom 
did not only serve as an activating factor in the nature of 
the l&dip&rophyl, but also forced a parallel process 
which could not be suppressed by changing the reaction 
conditions.’ We therefore, compared the reactions of 
various unsaturated ether systems with a-chloronitrones 
in the presence of AgBF, (Scheme 2). 

2,5-Dihydrofuran 9 gave CN isomers in a highly 
stereoselective cycloaddition reaction. The total cyclo- 
addition yields were 36% in 1.2dichloroethane and 42% 
in liquid So,.’ When the reaction was carried out with 

Cl CHR i!” - - 
la: R=H 
b: R=C&. 
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scheme 2. 

tN-cyclohexyl tmns cmtonaldehydenitroa was isolated in 
56% yield when lb was put to reaction with 16 in nitromcthane. 
An intcnncdiate I could &e the protonated form of 12 

$A blank experiment done with dkthyl ccbcr and Ncycb- 
hcxyl-2-chbren+utynldehydenitrone 16 did not yield products 
in which ether wax incorporated to the uchlorooitrooc. Only 
N-cyckhcxyla~Nsyclobxylmiooxyk_butymldehydenitrone 
II could be isolated. The form&n of an wmlogou mat&l wax 
obsaved by tiodner and Escknmorcr under other ruction 
conditions invdving no ether. 

H&-H&-cH-~+ 

c) 
c, -0 d 
Iin - 

P 

lb. a potfar by-product 12 wax isolated in low yield.‘? 
Cycloaddition yield was comparable to that found with 
cyclohcxene using 13dichlorocthane as a reaction sol- 
vent.’ It was also found that diethyl ether could be used 
as a reaction solvent for the cycloaddition of la to 
cyclohcxene in the presence of AgBF, yielding the usual 
reaction product in 47% yield (in 12dichlorocthanc this 
was 56969). It was therefore concluded that the 
presence of the basic ether O-atom did not have a major 
practical inllucnce on the preparative usefulness of the 
Ag* induced reaction in the cases of simple ethers. A 
similar picture was obtained with the unpolarized elec- 
tron-rich double bond in l&lioxenc 13. Reactions in 
liquid Sq (Ref. 4) and in 12dichlorocthane gave 
cycloaddition of 36% and 32% yield respectively. The 
picture changed when enolcthers were used as s_ub 
strata. The Ag’ induced reaction of la and lb with the 
polarized electron rich bond of 5.6-4Hdihydropyrane 16. 
When SO, was used as a reaction solvent, practically no 
cycloaddition products were obtained. In I Wichloro- 
cthane 3% were isolated with la and 12% yield of 
cycloaddition was determined with lb. In the latter 
experiment 12 was isolated in 10% yield as one com- 
ponent of the more polar reaction product mixturfk’ It 
seemed that with tbe cnolctbcrs there is a drastic change 
of the nature of the reaction’s intermediate 2. Expcri- 
mcnts with the open-chain enolcthen (Scheme 3) did 
not give practically any products that could be identified 
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as cycI~dd~on products. Instead, a-aikoxy bison 19 ~c~isrn of the de~m~sitioa process is not yet 
and 22 were innate in 49% and 30% yieId when doing a estabIish& IIowevcr, it could be umlcrstood if vinyI 
Ag’ induced ~tion with the cNoI@hSs 18 and 26. The cations were form4 in the f~e~~tion of 21 to the 
corn~u~ 22 and 24 were 0~~ i~e~~cn~y by o-aIkoxy nitroncs. This observation indicated tit the 
reacting the ~~es~~i~ a-alkoxy ethyls 23a and oxo~um ion 21 is indeed formed in the reaction witb the 
23b with ~~cIo~xyl-hy~oxy~mi~. The isolation af cnolcthcrs. From reaction yields, it is concede that 
these cx-dkoxy nitrates as reaction products 9ropoJed formation of such oxoaium ions is the major process. It 
the exis?encc af an intcr~d~te Iiie 21 as the major was suggested that cyc~~duct~ like 3 could be used as 
reaction product with the open chain cnot-cthers. The pot&a\ sources to the reactive reaction inta~~~ate Za 

R-“-O--cH2-‘~H -““---+ ff--‘o-cy-CHO R-0-CH2-CH=== 

!#a: R-=CH+ ZL: R=CH, 
b: R=Cdh 24: R=C&. 

1. 1 0, 
P. KCN 

5.6 “h 
yc--yc-o--yc--tiH + HCN 

-4 yc-Ii&-o-H2c-?i-cru 
24 26 

Scheme 3. 
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if a cycloreversion of 3 was possible. Experiments done 

by us were until now abortive. It looked as if oxonium 
compounds 4 and 21 could not serve for this purpose. 
We therefore turned to the oxonium compound 2!! since 
it looked, from the reaction with 2,Mihydrofuran 9 and 
from the reaction with cyclohexene in diethylcther, that 
compounds like 25 might decompose more easily to their 
components. The formation of ts was done by reacting 
22 with Et,O+BF,- in i~~c~or~thane. This was left 
for one hour at room temperature and 24 was isolated 
when the reaction mixture was worked up with aq. 
NaHCO,. When it was treated with KCN&O solution. 
only 26 was isolated. The fact that 24 and its CN- 
addition products were isolated in this process indicated 
the existence of oxonium compound 2!L The next 
experiment was done in order to examine a possible way 
of generating the reactive intermediate !?a not in a Ag’ 
induced reaction with a-chloronitrones. Cyclohexene 
was added to the solution of 25 in I ,Zdichloroethanc and 
left for 30 min. After work up with 20% KCNlH,O main 

reaction product was still 26. However 8 was also 
isolated in 4% yield as one of the reaction products. This 
result manifests that oxonium ions of type 2!! are rather 
stable and that the process of loosing the ether moiety is 
di~cult under the tested reaction conditions. However, 
the use of other leaving group than Cl- and particularly 
avoiding Ag’ ions in the use of N-aikyl-N-vinyl 
nitrosonium ions may be of importance in the higher 
scale uses of this 1-4 dip&r cycloaddition reaction for 
synthesis. 

Formation of oxonium compounds lie 4 is the major 
reaction product in the Ag’ induced reaction of a- 
ch~o~nitroncs with enolethers. These can undergo 
either elimination or f~en~tion reactions. The rever- 
sed process in the case of enol ether is very slow and 
practically does not affect the preparative way of pr* 
pellanes like 3. Oxonium compounds like ts could be 
prepared by alkylation of the cr-alkoxy nitrones with 
Meetwein salt. These intermediates decompose also to 
give the reactive intermediate 2a. Under the conditions 
tested, this is unfo~u~tely not a fast process. However, 
this observation opens new possibilities for the prepara- 
tion of 21. Work in this direction is now carried out in 
our laboratory. 

-ALt 

Reaction oj N-cyclohcxyl-a-chlorooccraldchydnifronr 11 with 
cyclohuenc in ether 

A soln of 7OOmg (3.44mmoll la in 4Oml Et,0 was added 
dropwix at 0” to a stirred soln of 7OOmg (3.6Ommol) AgBF,. 
1 .O g (1 I.9 mmol) cyclohcxene in 60 ml ether over M min. The 
reaction was stirred for another 30 min and worked up with 20 ml 
of 4M KCN. Tote aqueous phase was extracted twice with Mml 

thieltina ooints are uncorrected. UV spectra were taken on a 
Gary t4 &ument. IR spectra were takin in KBr pclkts on a 
Perkin Elmer 251. ‘HMR spectra were taken in Ccl, and arc in b 
values. Olefines and ether; were drkd on distillation over Na. 
Merck A&O, Art 1097 activity 11-111 was used for the column 
chromatography. Dry solvents were obtained by distillation over 
PzOI and filtration over a IO0 fold amount of basic Al,O, 
(activity I. Merck). 

ctbcr and dried over Na&L The crude material was chromate- 
snphed over Al,O, II& &roin-hcruenc mixtures. 24Omg 8 
m.u. 8S-86& (from hexene CH,Cb) together with 240~ oil 
{?N isomers mixture) together &s6 yield of 8 was obtained. 

Gatcml pmc&n for A$ induced reaction of a-chili- 
tmnes in 1.2~dich/onMuae. A soln of cr-chloronit~~ne in dry 
13dkhlorocthanc (20 ml) was added under dry N2 lo a stirred 
soln of A&F. in drv I.2dichkroctbanc (4Oml) and the okfin at 
- IS’ d&q ihr. htcr a further 1 hr at [P the mixture was 
shaken with a 20% KCN-water (20 ml) during 5 min. ‘I’he HWOUS 
soln was then extracted twice with dichlorocthanc and the com- 
bined organic layers were dried over Nary),. The residue 
obtained after removal of the solvents in uuruo was t&mats 
graphed over A&O1 (Ref. 7) (using ligroin-benzene mixtures). The 
following were obtained after reaction with: 

(i) 2&Xhydrofumnc 9 and N-cyfloiuxyl-2-cce~~e- 
hy&&vnc la. The unsaturated ether 9 l.4m (20 mmol), 800 rng 
&RF, (4.12 mmol) and 700 mg la (3.98 mmoi) gave 890 mg crude 
product After chromatography the following were obtained: 

(a) l76mg solid R,’ 0.6 crystallization from bexanc gave 
l67mg white powder m.p. 7tMl’ 17% yiakl: IR 22SO cm-‘; 
‘HMR 4.58 (tzipl. douhkt Jt = 5.1 Ht. Jd = 4 Hz. 1H). 4.1-3.5 (m, 
SH); 2.8 (m, IH): 2.4-2.0 (m, 3H) and 2.0-1.0 (m, IOH): MS 
(23&3l6). 236 (3%), 209 (3%). 193 (27%). lS6 (IS%), IS0 (17%). 
136 (12461. II0 114%h 83 (87%). 55 WID%~. (Found for 
C,,H,N&: C. 66.20; ti, 8,46& I i.6896). tis V&S identifkd as 
lb. 

(b) l87mg solii, R, vaIuc‘=O.S. C~s~~~n from hexanc 
gave white needles m.p. 77-78”. 178 mg. 19% yield: IR 2240 cm-‘: 
‘HMR 4.43 (tripl. doubkt, Jt = 3.2 Hz. Id = 1.5 Hz. 1H); 4.2-3.8 
(m. JH): 2.8 (m. IH): 2.4-2.0 (m. 3H) and 2.0-1.0 (m. 10H): MS 
(236.316). 236 (2%), 209 (3%), 193 07%). I66 (II%), IS0 (10%). 
I36 (8%). II0 (10%). 193 (12%). 183 (47%). (Found for 
C,,H%N?O,: C, 6S.91: H, 8.51: N. 11.70%). This was identified as 
1ia.* 

(ii) 1AJXoxene and N-rycloh~y~-2-c~o~acej~~ydc aittvne 
~a. The unsaturated ether t3 l .O gr (I 1.6 mmol). 800 mg &RF, 
(4.12mmol) and 7OOmg ta (3.98mmol) gave 917 m crude 
product. After c~omat~pby the following were obtain& 

(a) I81 mg soIii recrystalliition from hexentCH& gave 
172~. m.p. 90-9t*, 17% yield; IR 2240 cm-‘; ‘HMR 4.78 fd. 
0.5 Hz, Hi); 4.2-3.4 (m, 6H): 2.87 fm, lH): 2.3-2.1 (m. 2ii) and 
2.0-1.0 (in. IOH): MS (2.52. 314) 252 (12%). 22S (2%). 153 (IS%), 
IS2 (37%). I48 (40%). 136 17%). 100 192%). 99 (9096). 83 (100%). 
(Found f& C,,&,N&,: C..62..&: H.‘S.l2~~N. iO.%%). This w& 
identified as 14: 

fb) 169mx solid recrystallization from hexcne/CH,Cl~ ttavc 
1S7mg m,p.-68-69”. IS% yieM; IR 2260 cm-‘: ‘HM@ 485 ld, 
1.8Hz. 1Hf. 4.2-3.4 (m. 6H1. 2.98 tm. IHt. 2.3-2.1 Im. 2Ht and 
1.8-1.1 (m: IOH): MS ~ts2.~314) 2Sz iitij, 22S (2%), 190 (2%). 
IS3 (17%). lS2 (30%). I48 (43%). 100 (looss), 99 (98%). 33 (90%). 
(Found for C,,H&O>: C. 61.70; H, 8.10: N, 11.2096). This was 
identitled as 15.’ 

(iii) Reaction of 2~-~yd~fu~e 9 with u-c~o~buty~de- 
hyde-N-cycfohexylrtitmne lb. The unsaturated ether 2g 
(28.S mmol), 800mg A@F, (4.12mmol) &oomg lb (4.12mmoI) 
gave 1.2~ crude product. After chromatography the followiw 
were obtained: 

(a) 12.3 mg of a mixture of isomers of Mb aud Ilb which was 
not further worked: IR 2240 cm-‘: ‘HMR 0.9 ft. 8Hz, 3H). 
l&2.3 (m. 14H). 2.8 (m, IH), 3.8-4.2 fm, SH) ai 4.7 (m, IH), 
(I 1% y&f). 

(b) 267mg solii recrystallii from ether. m.p. 103-105 
(24Smg: 21.3%) identical in its spectnl data with If obtained 
from reaction with S&dihy-4H-pyrane. 

(iv1 2H 3,~dihyd~py~~~ Ii&d N-cycloh~y~-2-c~o~b~ty- 
n&i&de-&one tb. The unsaturated ether 2.0~ (23.8 mmol), 
1.92 I; -AgBF, (9.9 mmol) and 2.Og lb (9.80 mm& gave 4.05 g 
crude product. After chromatography @! following were 
obtained: 

(a) 316mg solid from which 24Omg (8.6%) were obtained as 
white crystals m.p. lOS*; IR 2225 and 1160 cm-‘; ‘HMR 1.06 (t. 
7 Hz, JH), 0.9-2.2 (m, ISH), 2.90 fm, IH), 3.80 (m, W) and 4.90 
fd, I Hz, IH). MS 278 (278, 3%). (Found for C,JtaNiOi: C. 
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69.01: H. 9.m N. 9.74%). This was identified as 17. From the 
mother liquid 86mg of a mixture containing 17 and isomers 
(together 11.9% yield) were isolated. 

(b) On eluting with a benzene-ether I : I mixture 237 mg solid 
were isolated. Crystallization from dicthyl ether (at -40’) gave 
174mg crystals m.p. ll&lll”: IR 2460. 1630 and 1550 cm-‘: 
‘HMR 7.08 (d. 85 Hz. IH). 6.79 (dda. J. IS. 5 Hz. Jz 8.5 Hz. J3 
I Hz. IH). 6.22 (dq 1. I.5 Hz, Jz 7Hz. IH). 3.6 (m. IH). 1.92(d. 
7 Hz, 3H) and 2.2-1.1 (m. lOH), A,EtOH 285 (c = l0.000) and 
230 (t=S700). (Found for &&NO: C, 71.60: H. 10.35: N. 
8.05%). This was identified as the nitrone of tmns crotonalde- 
bydc 129 obtained in 10.56% Geld. 

I With ethyl vinyl c&r and 2-chlomburynaldchydc-N- 
cyc/ohuyl nirmnc. The cnol ether 1.0~ (13.8mmol). 8SOmg 
AgBF, (4.38 mmol) and 1.0~ lb (4.90 mmol) aavc 1.6 a crude 
mate&J. After chromatography the followingw&e isolatid: 

(a) 4Omg oil. TLC analysis irtdicaled a mixture of various 
compounds. 

(b) 520 mg m.p. e (49%); IR 3060,2530, I580 and I I28 cm-‘; 
‘HMR 0.98 (1. 7 Hz. 3H). I.18 (I. 6.5 Hz), 0.82.2 (m. 14H). 3.50 
(q.7.3.2H). 3.6 (m. IH). 4.50 (a, 6.3 Hz. IH). 6.68 (d. 6.3 Hz. IH): 
MS 213 (213,320). (Found for C,sH,NO,: C. 67.57: H. 10.86: Ni 
6.56%). This was identified as 19. 

(vi) With I-mcthoxy I-hcptcnc and a-chloracctaldchydc N- 
cyclohexyl nirronc la. The enol ether (E+ Z I : I) 29. 1.2~ 
600 mg AgBF, (3.1 mmol) and 600 mg la (3.42 mmol) gave 430 mg 
crude product. After chromatography the following were 
obtained: 

(a) 62 mg mixture of various compounds. 
(b) 217mg solid crystallization from pentonc at -20” gave 

172 mg white solii m.p. 52” identical in its spectral data obtained 
for the same material 22 which was synthesized from a-mcthoxy 
acctaldchyde (30% yield). 

Gcncml pmcrdvn for Ag’ induced reaction of chlomnitmncs 
in liquid SOP Onto a suspension of AgBF, and the olcfin. dry 
SO, was condensed (co SOml). the suspension was heated to 
I&X temp (- 103 under dry N,. A &of the nitronc in 20mI 
dry CH,CI, was added with s&inn durina 2 hr. After a further 
3rJmin t&x. SOI was removed ina slow-stream of dry N, and 
finally in uacuo. 20ml dry dichlommethanc were added to the 
remaining material and the soln was shaken with Sg KCN in 
20 ml water during 5 min. Tbe aqueous soln was then extracted 
twice with CH2CI, and the combined organic layers were dried 
over NafiO,. The residue obtained after removal of the solvents 
in vacua was chromatograpbed over Also, (Ref. 8) (using ligroin- 
benzene mixtures). The following were obtained after reaction 
With: 

(ii) When the reaction was worked up by shaking with 30 ml of 
a 20% KCN-Hz0 soln. a liquid b.p. 70” at 0.5 mm Hg 670 mg 
(58.9% yield) of the HCN adduct 27 were isolated: IR (neat) 3500 
(braced) 2240(W) and II09 cm-‘: ‘HMR 1.07 (1, 6.5 Hz. 3H). 
1.7 Hz (d. 8 Hz. 2H). 1.0-2.1 (m, IOH). 2.8 (m. H). 3.70 (a, 6.5 Hz. 
2H) and 3.8 (1.8 Hz. IH). 4.90 (m, IH) disappears on adding H,O. 
MS (1%. 282) 1%. (Found for C,,H,N,O: C. 67.71: H. 10.02: N. 
14.67%). Cyciohexene was added’to‘;he&reaction andieft at room 
temp during 30 min. The reaction was worked up with 5 g KCN 
in 2Oml H,O. After chromatography the following were 
obtained: (a) 27 770 mg (62.4%). identical with the material des- 
cribed above. (b) 64mg 8 m.p. 85-86” (Ref. 6) (4.4% yield), 
identical with the material obtained from a-chloroacetaldchyde 
nitronc in the Ag’ induced cycloaddition in 1.2dichloroethane. 

(i) 2.5-Dhydmjnran and a-chlomacctaldchydc N-cyclohcxyl 
nitmnc. (a) I(r was obtained, m.p. 70-71” in 22% yield. (b) Ilb 
was obtained in 20% yield m.p. 71p identical with material 
obtained in I ,2dichloroetbenc. 
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dchydc nifmnc. (a) I4 was obtained in 18% yield. m.p. 90-91”. (b) 
15 was obtained in 20% yield, m.p. 67-68” both identical in their 
spectra) data with the ma!crials obtained in 1.2dichloroethane. 

(ii) Wirh IA-dioxcnc and N-cyclohuy/ a-rhlomacctoaccrol- REFERENCES 

‘E. Shalom. J-L. Zenou and S. Shatzmillcr. 1. Org. Cgem. To be 
published. 

Prrparation of a-alkoxyl nitmncs 
a-Methoxyaldchydes were prepared by oxidation with 

K,Cr,D, of the corresponding @lkoxycthanols. The azeotopic 
mixtures were dried over MgSO,. filtered and the solns obtained 
(80% aidehyde in water) were used for further work. 6g of that 
aldchyde soln were added to 50ml dicthyl ether and 5 g N- 

cyclohexylhydroxylamine. The mixture was stirred at (P under 
N, over I hr. The resulting soln was left overnight at 0” over a 
mixture of anbyd Na,SO. and CaSO,. After filtration. the ether 
was removed ii vacio and the res&e was dissolved in IOOml 
hexane and dried once more over MgSO,, filtered and the resul- 
ting solid obtained after removal of the solvent in vacua was 
recrystallized from pentane at -lo”. The following were 
obtained: 

(i) From a-mcthoxyaccfa/dchydc. 6.Sg of the niuone 22 m.p. 
52-S3”; IR 2540. IS88 and 1100 cm-‘; ‘HMR 1.0-2.1 (m, IOH), 
3.40 (s. 3H). 3.60 (m. IH). 4.38 (d. 4.5 Hz. 2H) and 6.9 (I. 4.5 Hz. 
IH): MS (171.239) I71 (6%). (Found for C&NO,: C. 62.93; H. 
10.37: N. 8.37%). 

(ii) Fmm a-cthoxyacctaldchydc. 5.8g nitrone 24 m.p. 75”: IR 
2540. 1970 and 1100 cm-‘; ‘HMR I.2 (I, 6 Hz. 3H). 1.0-2.1 (m. 
IOH). 3.70 (m. IH). 3.60 (q. 6 Hz. 2H): 4.45 (d. 4.5 Hz. 2H): 6.90 
(1. 4.5Hz. 1H). (Found for C,&NO,: C. 65.06: H. 10.47: N. 
7.89%). 

Reactions of a-mcthoxyacctaldchydc nitmnc with E1,O’BF; in 
dichlomcrhanc 

(i) 2g Et,O+BF,- (9.95 mmol) and I.Og (58mmol) a- 
metboxynitrom were dissolved in 3Oml dry dichloroethanc and 
left at room temp for 30 min. The mixture was poured into 30 ml 
ice water containing 4 g NaHCO,. extracted with three portions 
of 2Oml CH,CI,. dried and the residue was chromatographed 
using ligroin as cluent. 873 mg solid were isolated (81% yield) and 
recrystallized from pentane m.p. 6P identical with material 
obtained from 24. 
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