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h&ad4ahna of 3,4dihy~ N-oxide (1) with tzdmuboxyfMIbyldipbcll~ oxide (W) 
and cyraomstbyldipbeny~hioe oxkb (14) hd both ia 1JUxyethne @ME) and in 1-BaOH mostly to 
atmhu 6 md 7 respcctivdy. III catrut mctions of 5JdimctbyCA’-pymiiuc Noxik (2) with U sod 14 lead to 
mixaucrof*8or9andofenamiDw 10 or 11, respcctkely, in the quotic aolveat DME. Thcac nrctioa, 
give only azir&es I or 9 in 1-B&XI. l’%e resultr aMaiocd are expkai io tsrms of the formation of 
pcatrcoordinrted pbosphoN8 illteml~. 

Recent&. we rqorted that lwctiona of 3*4di- 
hydroiboqaindine N-oxide (1)’ and of 5,5dimcthyl-A’- 
pynuiiac N-oxide (2)’ with y&is derived from triidkyl 
phospholwfwatc (3) or dicthyl cysaomcthyl- 
phosphonatc (4) kad to a&dines (5, 8 or 9) and/or 
CMmiDca (6,7,1. or 11). TIM count of theac reaction!3 
~fo~todspeaduponanumberoffocton,suchas 
the 8tIucture of nitroae and pboaphonate and the nature 
of solvcllt and of base used ill the lea&ion. The results 
obtakd wen mtionalixed by assuming the formation of 
an oxazaphospholidiw intcm~cdiatc I2 which IXJI 
&composctoanaziridkortoanenamkWea.ssumcd 
that dccompoaition of this intermediate to a&dine is 
in&&d by the negatively charged exacyclic oxygen.’ In 
intermcdiatc 12 interaction with the oxygen lone pairs 
raiacs UK energy of the phosphorus d orbitah, tbereforc 
these orbitals are not good acceptors aDd cannot stabilize 
the twgative charge.’ We considered that replacement of 
the OR’s by phenyl groups shaukl result in a better 

abilhyoftkphosphonlslostabilizetbeDegativc~ 
by&loaktionaadtbm?f~itmaybcexpcctedthat 
stianinkmlcdi&wiushowksstendencytolmdcfgo 
fragmentation to azifidine than 12. Consequently, in the 
reactions of nitrones with pbosphinoxy ylids more 
enamine formation should be expected. 

To test the validity of these assumptions, we have 
studied the reactions of two representative nitro~~s, 1 
and 2 with ylids derived from carbomethoxymethyl- 
diphenytphosphinc oxide (l3) and cyanomcthyl- 
diphenylphosphioe oxide (14). The results of this study 
arc the subject of this paper. 
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Tbc results from the reactions of 3,4di- 
bydroisoquinolb N-oxide (1) with phosphine oxides 13 
and14aresummPrizedinTablel.FromthistaMeitcan 
bcsecnthatwhiktbercactionof1witbl3usingsodium 
hydride in 1#Nimcthoxyethane @ME) &ave rise to equal 
amounts of a&dine !i (R = Me) and enamhester 6 
(R- Me) (exp. 1) aU other reactioas kd exckrsivcly to 
enaminic products, excepting t&e reach0 of 1 with 14 in 
methanol, from which umcactal starting materials were 
recovered (exp. 8). 

Tabk 2 summarizes the results from the reactions of 
S,5dimethyl A’-pyrrolinc N-oxide (2) with phosphinc 
oxides 13 and 14. From this table it can be seen that 
reactions that were carrkd out in the aprotic solvent 
DME kd either partiaUy (exps I. 5 ami 6 or solely exp. 7) 
to enam& (it is worthy to mention that reactions of 2 
withpbosphonates3and4inDMEledoalytoaziri- 
dines).’ In contrast reactions of 2 with W and 14 in 
hutyl alcohol led only to aziridks (expa 3 and 8). 
Unrcactcd startin materials were recovered from rcac- 
tions that were nm in methanol (cxps 4 and 9). It is 
worthy to note the formation of two unexpected 
products in tbcse reactions. 

maJYO)CH&WHa + m-a- - 
13 hJ’(O)CH&OOP(O)Phx + OCH,- - 

- phnp(O)OCt+ + PhxP(O)CHxCOx-. 

16 

I&rent in this smtion is partial destruction of tbc 
reagent, phosphinc oxide 13, which may accuuot for the 
low yield in this experiment and for tbe recovery of 
unrca&d 2. In an attempt to overcome this a second 
exln?rimen~ using two cquivakots of pbosphinoxy ylid, 
was carried out. This, bowever, resulted in compktc 
decompoaitioo (exp. 2). 

Adi&enttypcofbyproductwasisoIatcdfromtbe 
reaction of &one 2 with cyanomefhyldipbenyl- 
phosphine oxide (14) using sodium hydride in DME 
(Table 2, exps 5 and 6). This rcactioo gave an oily 
product (16) with a mokcukr weight of 385, which 
equals to tbc sum of two mokcules of enamino* 11 
plus 1 mokcuk of nitronc 2. Upon examin& the possi- 
bilities of obtah@ i&pendently the above byproduct, 
we found that in ahline conditions, (i) reafho of 
cqllimolar amounts of nitronc 2 and enaminonib’ik 11 
givef~ mainly a product ClJIpN30 mol. wt. 249,17 and 
traces of 16 identihbk by tk; (ii) rcactioo of 17 with 
enaminonitrik 11 &ave 16, and (iii) reaction of nilronc 2 

Table I. Rcs~~Its from the rexctiom of 3.4dihydroixoqui~ohc Noxide (1) with pImphim oxides 13 
and 14 

Producta 
PhoxphiDc Time 

No. oxide BUC/SdVC.Ot Temp. (In) Axiridk,yield% EWliDC.yidd% 

it 13 NWDME 
13 t-BoONa&BuOH 

3t 13 t-BuONxh-BoOH 
4t l3 t-BuONdt-BuOH 
5 l3 CH,ONa/CH,OH 
76 14 NWDME 

14 t-BuONa/t-BuOH 
8$ 14 CHJONJCH,OH 

17 6 17 
0 20 
0 

f 
26 

0 0 

0 6 0 : 
0 : 95 

No reaction 

tEnamiaoester 4 wxs found unxtabk in &exe condithx. no productx of ita dccompoxition were 
iddAd 

#UNeacted stmting mxterialx were recovered io thix experimxllt. 

Tlbk 2. Bexultx from the nxctio~~~ of SJdiu~thyl A’-pyrroliae Noxde (2) with phphinc oxides 
13 ad 14 

Pborphk 
No. oxide Basc/Sdvcot 

Ploducta 

Temp. ‘E Aziridioe,yieM% Eaaminc. yield 96 

It NaH/DME B&x 24 8 12 10 2l 
2 NaH:/DME BcBux 24 Decompoxitiaa 
3 l3 t-BuONJt-BuOH Bdhuc 24 8 zoi 0 

4q u CH,ONx/CH,OH Bdux 72 No reaction 

ii 14 14 NaH/DME NaH/DME Bdux 25 3.5 1 9 9 :: 11 11 :: 
7 1U NaH#/DME 2s 3 9’: 11 58 
h 14 14 t-BuONa/t-BaOH 23 3 9 0 

CH,ONx/CH,OH B&x 72 Norendoa 

YniI fe8ctioo pve 22% methyl dipbeaylphoxphinxte (In 

~:~‘~*II large extent by t-butyl extcr xx evidenced by NMR. 
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with exccas of 11 gave directly 16. on the ti of 
atlakgks with hnown reaction.# of nitrones with 
enamiues, we formuIate the reaction of 2 with 11. as 
follows: 

The structures proposed for products 16 and 17 arc in 
agreement with the spectrcwcopicdataobtsinsd 
(Experimental). The formation of 16 could be suppressed 
by using an excess of phosphinoxy yI.id (Table 2, exp. 7). 

The resuhs that reactions of 1 or 2 with plmiphk 
oxides 13 and 14 usiog NdI in DME produce consider- 
abkamount!3ofenamines,areinaqordancewithtbe 
expectations that were expressed in the introduction to 
this paper. However, the other resuhs reported in this 
peper necessitate fur&r elaboration of the mechanistic 
picture. It is possible to ratiotudixe aII the resuhs sum- 
marixedinthetabksbyassumiqtheinitiaIformationof 
an oxarBphosphoIidine intermediate 18. The tendency of 
18 to undergo ring openiq wiu be expected to be 
somewhat lower than that of 12, because of the greater 
ability of the phosphorus to accommodate the negative 
charge in 18, *fore, /Mimination kading to 
enamines wiU gain greater relative importance. In protic 
solvents such as alcohols 18 will presumably he in quiI- 
lhillm with tk protooa!cd specks 19. This intcmlediate 
is expected to undergo permutationaI isomerixation6 to 
28 to bring the OH into apical position since it is a 
stroqer apicophik than the phenyl groups.’ Examina- 
tion of mokcukr model of I indicate that fknhing of 
the oxaxaphosphohdiue ring by the two equatorkI phenyl 
groups produces a great deaI of steric himbana to fl- 
ehmmation, that would kad to enamine, therefore, it is 
possibk by this picture to expkin the exclusive forma- 
tion of axiridines in the reactions of 2 with both phos- 
phinoxy ylids in t-butyl alcohol. The formation of 
enamines in t-butyl alcohol from 1 with 13 and 14 is 
presumabIy due to the much higher acidity of the ben- 
xylic H in intemkdiate 18 than the cotrespo.2 
hydrogen in 18 derived from 2, therefore /3cCttabon 
the former is much faster. 

Further pseudorotation (or turnstik rotationI of 28 
maygive21inwhichthe~epartingcarbonisapicaland 

n n 

hated favorabIy for a base promoted riq fission (in- 
dicated in 21) to 22.’ The hehavkur of this win be 
determinedIar8eIybytImnatureofXandthatofthe 
nitrone,andnotexpectedtodiffermuchfromtheanaIo- 
gous intennedhtes derived from the phosphonates.‘3 
Thus,22mayunder~ringcIosuretoaxirStkorpro- 
tonation followed by ~cIimi&on of enamine. 

The inhibitory effect of sodium metlmxide in methanol 
upontlkreactionsisprobabIyduetothefactthatthese 
are the weahest basic co&ions employed in this work, 
giving rise to the lowest concentration of phosphinoxy 
yhds. It is noteworthy that the only combination of 
nittone and phosphine oxide that produces reaction in 
theseconditionsisthatoflwitbU.Intbephospbonate 
series 4 is considerabIy more reactive towards ahkhydes 
and ketones than 3.9 We found similar order of reac- 
tivitks (4 > 3) towards nitrone 2.’ From the perturba& 
theory” it is htmwn that hetones react mainly by charge 
control, the same is expected of ahphatk nitrones. In 
contrast, an aromatic nitrone such as 1 should be expec- 
ted to react mainly by frontier orbii control, therefore 
its reaction with the anion derived from l3, in which the 
negativechargeisbetterdelccahxedthanthatintheyIid 
of 1s’ hdicatcs the possibk appI.icabiIity of the pertur- 
bation theory to correlate reactivities of nitrones with 
nuckophiles. 

BAL” 
General pmcedmrc for the n0ction.r of ritr0nc.t with phosphint 

oxides USI& sod& hydtide in 1.2~dimuhoxyethanr 0.258 
IJ mmd) of 50% diwwxioa of NxH io miocrd oil wxx wxxbcd 
&I &c4eumctbe; N-6t7 (3X5ml) in an inert ato~oapbae. 
Mter-evapomtioo of the residual pctrokum-ctber Sml if 1,2- 
dimctboxyethxoe @ME. fnshly diatiikd from LAH) wxx io- 
jectcd, tolloared by 5 q mol of pbospbhc oxide 13” or 14” 
dixxolvcd in 1Oml DME. After the libcrxtioa of Hz ccwd. 
5 mmol of nitrow. I” or 2” diilvcd io 5 ml of DME was 

introdoced. The mixture was s&e4 aoder the conditkaa (time 
e temp.) iodhtal in the tabkx. Tbcxe wm determined by 
mo~tbcprogcuofthererctionxbytkuxingahmhx 
pktcs of 0.25 mm thiclraeu. Tbc r&due obtained xftcr evxpora- 
uonoftheDMEwasdiasoIvedkchkrefomlanlipeaaedthreu& 
a cokmn of 5Og &minx to remove xodium dipbcoylphoxp4ioxtc. 
wbicb was rcthcd on tbc cohuno. ‘Ibe mixture eh8tal wxx 
further xepuated to componcotx by papmath thick kycr 
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Ph 

H.\ 

cbroma~hy~Immthickpluer01 antmim cl.F.ac sod 
alixluml of cllbrofom petroieumctha 40-w. 39. The pm 
patklafbd&sicJlconulntaoftberziridi#uldeuamiDe 
derivetives formed ill tbe6c rue&ma were &aafbed pfe- 
ViOIUIy.‘l 

The by+rodoct of the rwtioos. sodium diphenytphotpbhnte 
c0uldbeobminulindIe xpuiment8byelmiondtbecohlma 
with Mcm. 60 MHX ‘II NhiR in 40: 67.60-7.00 q , arollutic. 8 
4.66 & P-OH. 

Methyl diphmylphosphinate 15. Tbi~ compouod wu koktal in 
22% ykld from tbc mixtnre obtaiwd io exp. 1. Tabk 2 by 
prepe&vc thin kyer cIlfomJtog@y. Mow. Calc.: m found 
232 by MS. Dtber peaks in mass specmtm: m/r = 201 (M-DC&), 
m/r = IS5 (M-C&). ‘H NMR (CDCI,) 8 8.20-7.25 5H ID. 8 3.70 
3H d (J= Il.OHz). This tpectntm is in axrduw witb tbet 
pablished16 

XsolatiDn of pmdlict 16 fnml tbe reaction of 3 with II. ThiB 

compopadwuiroLtsdin~q~d210~(0J5mmol.11%) 
fromtbemixtureobtaiwdioexps5eod6inTabk2,bytlcbebt# 
the most pokr component in the mixtnre. Mdwt. found (MS) 
385. Calc. for CnHuN#. 385. IR @eat): 3380,2%0,2w). 2180. 
1600. 1430 cm-‘. ‘H NMR (CDCld 8 7.98 1H ba. 7M IH bh 
3.70-3.20 3H m. 2.91-2.40 2H m, 7.30-1.55 IOH q , 1.50-1.10 l8H 
(6 x CH,). 

Pmpamtion of 17 by naction oj 2 with 11. A solo contrinino 
0.280 (5mmol) d KOH. 0565~ (Smmd) of 2 end 0.68s 

(M-CN). m/e= 216 (M-CN-CH,). m/c = #H (M-CN-&O). 
Mol.wt. ak. 249. IFwad: C. 67.00: H. 9.29: N. 16.86. Cdc. for 
C,&N,D: C, 67.h; H. 9.U; N, liti). 

lmlatkm of 16 ftom the reaction of 17 with Il. A soln d 
0.5 mmol t-BOOK 0.5 mmd of 17 sod 05 mmd 11 in IO ml d 
t-BuDH wee kept ovmtigbt et room temp. Prodnct I6 wea 
iIokteduabovealuIwasfoundidenticaliaallrpectnluxl 
chrormtornpbkptUpm&lWitlltbep&UctiWktUlp~viourly. 

lsdatii~ of 16 fm the rrcrction of 2 with c.rcu~ 11. A solo of 
I mmol t-BuOK. 1 mm01 of 2 and 2mmols d 11 in I5 ml of 
t-BoOH was kept ovemigbt at room temp. WoAop of tbc rew- 
tion pve samples of 16 pad of 17 identical ill all !3patal and 
cbromrtoonphic properties with the sampks kolated in previous 
CXpMhOtX. 

Gmd pmccdun for the teactbm of sihvaes with phosphk 

oxides uring sodium akoxidu in alcobds. t-BuONa wu pre- 
pared from 0.25 g (5 mmol) 50% dkperaiin of NaH io do& 
to which 1Oml of t-BuOH was added after wasb& with 
parokum+tber (3xSml). NaDMe wu prepad by diuohriss 
NaioMeDH.TotbesolndtbeNaORinako&lwu&kde 
solo of 5mmol of the pbospsw oxide in IOml of &o&l 
followedbyasolnof5mmoloftbeai&oneia5mlddco4ol(eIl 
opua&oswereperformedioaniMrtetawapllere).lbeructioa 
mixture waa airred under the cooditions (tiaE end temp.) ill- 
db!CdiDtbCtfibkSWhiCbWl%&-by~~tbX 

m of the rewioe by tbio laya cbromaogmpby. After 
evaporation of the solvent workup was identical with the Iuc- (5 mmd) of 11 io 15ml t-BPOH waa kept ovemigbt et mom 

temp.AfterremoveloftbesoIveott&re~idwwaawpantedby _ tiomc.arrkdootinDME. 
prepuaive scak tic. Rayem&& from MeDH pvo m.p. 
157X. UV (MeOH) Xi8 om (16,860). IR (nojol): 3280.~.2160. ’ 
II%& 1435 cm-‘. ‘H NMR @M!JDd,): 8 7.31 IH br, 699 1H br. 
3.72-3.20 3H q , 1.90-1.30 6H q , I.18 3H I. I.16 3H a. I.03 3H 1. . 
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