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~~~~~~~e tr gives upon raetim with 2-pbcayipropcnc at roam tempcxature virtuatly 
quantitatively a stabk kctonitmac salt, the ~-adamanfy8dene-N42-phcayi~ropl+n-3-y~ nitmae hydn~hlori& 
hEvideMxforthesboctureoftbecry~produdirbucdoo~yticrldotrands~ 
proper&a, togc&cr witb dcgm&ion studies. Similar pliphrtic ketonltronc bydrochbti hmve been obtaiacd from 
reaction of 2-p~y~~~ witb other a-&broaitroao ~~~~ lb-k W91%), aad from o~omni- 
tmso&m~taae sad a series of m8c okfin (7645%). g mmngemcnt of UI &me&y N-a-dhmlky~U- 
ttkenylhydmxyhmiat, whib has been initidty formed by an enHype process between the feWants, can exphin 
formation of the product. 

Reactions between aromatic nitroso compound5 and al- 
lylic olefins have been studied already in 1910, by Ales- 
sandri.’ The nature of such reactions has remained obs- 
cure for a long time, and only recently Knight and 
coworker5 were able to pre5ent compeliiog evidence for 
an addition-hydnylen-abstraction process (We” reac- 
tion) kading, in first instance, to a labile N-aryLN- 
~~y~y~xy~~e~~ 

Only in exceptionai case5 ha5 it been possibk to 
isolate the hydroxylami~e.~ Under nmnal aditioas it 
reacts further by competing pathways: thermal decom 
position, nzrangement, ~hy~~n~ and redox and 
condensation processes with the nitro5o compound. This 
accounts for secondary products as diverse as 
nitKme5,‘J amiMp anils: amxyarcne5P oxime 

etkr~,‘~ and kmuolines.” 
la tbc aliphatic 5&s only per8uorol&rosoaIkane5 are 

known to give sub5tantial amomlt5 of weude8nc.d 
pNxhlct5. For in5tance, the CM: insertion product derived 
fmm isobutene and ~~~~~e” was vir- 
tually quantitativcIy obtained, As far a5 we know, only 
OllCItpOfthasbeenR?CO&dt3Xlcerningt&CIU!~- 

tion of non-iluorinated nitroso compounds. Roberts” 
found that small amounts of N-~~N~~y~y- 
droxykmines, which are rather easily oxidized to nitrox- 

ides, are formed upon reaction of t-nitrosobutaae or 
caryopbylkne nitrosite with a nine-mbnberti cyclic 
okfin (caryophylkne), containing a naCtive strained 
f~-~-s~~~ doubk bond. 

In vkw of our intem5t in routes kading to N-a- 
chbroalkylhydroxykmine5, we have now investigated 
reactions between the easily obtainable acMoronitro5o 
compound5 (through eon of the corresponding 

oximes) with okfins containing the >=C - 
‘C 

-H system. 

Reaction of Zphmylptvpene with a-cklonmittvso 
compowuk In order to illustrate possibk reactivities of 
a~~~~~ c4unp~nd5 toward5 allytic okfins, u- 
chloronib~&~~~~t.ane (AdCINO) and 2-phenyl- 
pro+ wore, in first instance, employed as the sub- 
StlW5. 

When a solution of AdClNO Ir in an excess of 2- 
phenylpropene is stirred at room temperature, a white 
pnxipi is formed. As indicated by the disappearance 
of the blue colour of the nitroso compound, completion 
of the reaction takes about IO days. By ii&ration a high 
yield (9696) of a crystalline product can be isolated, while 
analysis of the mother liquor only reveals tracts of 
adamantanone and predominantly UDcractcd ok5n. The, 
product has an ekmcnt compo5ition of ~,~~Cl)NO, 
suggesting a I:1 adduct of nitmso compound and oiefin. 
Its structure is formulated as o,a-adaman~lidcne-N_(2- 
phcnyl)propl-en-3-yl &one hydrochkxide 2a (eqn (11, 
RI-C-R&Ad) on the b&s of spectroscopic data (see 
Table 2). Dominant absorption bands for the hydro- 
chloride salt function (17504870 cm-‘), and the C=C and 
C=N double bonds (1630-1680 cm-‘) are observed in the 
IR spectrum. The 100 MHz Nh4R spectrum contains six 
bands (8 2,3.10,3.87,5.35, S.59 and 7.38ppm) of relative 
int*lsitks 12:1:1:2:2:5. The bands at 3.10 and 3.87ppm 
am particukriy broad (width at half-height co. 8 cps), 
and are as5igaed to the hydrogen nuclei at the Bohr 
positions of the adamantylidcne skekton next to the 
nitrone group. Their difference in chemical shift is due to 
the non-symmetrkaUy ~ubstitutal exocyciic C=N bond. 
AU other hydmgens of the abbe skeleton are 
present a5 a broad band around Zppm. The sharp six&t 
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2’: 1 :: H-'3-i I 2 
R-F-” 

20, R’ O-H CH2 

+ H2C=C-CbH5 v R2- &:-C&-C&i5 1 

R’ 8O*HCI CH2 

6, f.7 
e ‘C+JH2-i - C6”S 

Cl R’ 

la -1e - - 2a-2t -- 

a: w-c-W=A d 
b: A’=R2=CHs 
0: Fl’=cy: R’=c_., 
d: R’ = CHa; t? = C,H& ~_ 
l : R’+R’ = c-C2H,,, 

aI& Ad = 
H. 

at 5.35 ppm is assigned to the methykne group, sad its 
low field position is consistent with the adjaceat electron 
deficient aitroSea center. The bead at 5.59ppm shows 
signs of tutresolved structure, which anty be due to (i) 
different chemical shifts for the two vinylic hydrogeas, 
or to (ii) weak couplia~ (cu. 1 cps) between both. Finally, 
the band at 7.38 ppm shows the aromatic hydrogens. 

Nitrone hydrochloride 2a most likely ori&ates from 
an initially formed N-~-~hlon,allryl-N-Plkeny5y~~y~ 
amine, by heterolytic expulsion of chlorine (see Scheme 
1). The fabilitv Of Chlorine ia the Q-pOdOU Of a mobile 

nitrOgcn lone pair is welI kaowt~.‘~ Thus, in contrast with 
previous results, we obtain a sin& and stubk product 
from a nitroso compound and sa sIlylic okfin. The 
intermuIii hy~xy~e is most likely ssfegutmkd 
from complex secondary reactions, because of the 
efficient forauttion of the insoluble nitrone salt. That we 
really are dealing with an initial ene reaction involving 
the shift of a double bond, is conchrded from a reaction 
with a-trideuteriomethylstyrette: excksively the product 
is obtained with a deuterated viaylideac (nor methykne) 
Ipoup. 

The structure of 28 could be substaatiated by chemical 
moditication (see Scheme 2). With ammonia in diethyl 
ether, the hydrochloride salt is quantitatively converted 
into the free aitrone 3a Pota4rm cyanide can be added 
to 3a in DM!IO solution, to give N~2~~~~1-2~ 
N~2-phenyl~ropfcrr3-y5y~xylaminc 4u (37%) after 
aqueous worh-up. It is noteworthy that 4u is&maUaUy 7 
eae adduct of 2-cymW2-~ 
p~ay~~~. 

Nitrone hydrochlotide tr is solubk in cold water, sad 
rapid extraction of the aqueous solution with chkrofotm 
furaishes the nitrone in the acid free form, heace ihus- 
@atinS its low bssicity. The aitroae is then only 
hydrolyxed to a minor extent (<S%), whenas after 

SH2 BO=HCI 
I 

C&-C- CH2-$=Ad 

prolonged hydrolysis (15 h) at room temperature corn- 
plete hydrolytic ckavsge can be achieved. In this way 
hydroxyhtmiae hydmchkride S (84%) and udsmsataaone 
(96%) are obtained. Heating of S for 3 h in ntIuxiag 
acetone under thorough exclusion of aroisture, gives 
after cooling of the homogeaeous don mixture to 
- 10” crystals of ~a-dimethyl-N~-ph~y(2-phenylfproplcn-3-yl 
aitroae hydrochloride 2h (39%). This is one of the few 
cxaa@s of the synthesis of a simpk aoa-coajuguted 
ketoaitrone via coadeasatioa of a hydroxykmine and a 
ketone.‘7a ARematively, 2b could be obtuiaed directly 
by reaction of 24oto-2-nitrosoptopane Ib with 2- 
phenylpropene (tridr infru). 

In order to establish the scope of this new and con- 
venient route to aliphatic ketonitrones, 2-pheny~~~ae 
was allowed to react with a series of achiotonitroso 
compounds lb-lc (see Scheme I). In generally somewhat 
faster reactions than with AdClNO la (e.g. completion 
with lb rquires only 12 h), high ykids of unalogous 
aitronc hydrochlorides were obtained as white powders 
(73-9196; see Table I), with the exception of the cyclo- 
hexylidene derivative k, which was obtained as a vis- 
cous yellow oil. No reactioa occutred with the crowded 
.achloroniboso compounds 2,2-dimethyl-3chlo~3- 
nitrosobutane and 2#2,6&tetmmethyl-lchloro-l- 
nitrosocyclohexane, presumably for steric reasons. 

Spectroscopic properties of the new aitronn are very 
similar and in full accord with the proposed strucNns. It 
is noteworthy, that non-symmetrical nitroaes (i.e. 
R’ #R? can exist, in priacipk, ia two isomeric 
~~~a$.‘~” The NMR spectrum of the a-methyl- 
a-benzyi derivative 2d clearly h&a&s the pnsence of 
two such isomers in a ratio of approximately 3:l. On the 
Other hand, tbC SpeCt!WJl Of the U-methyl-Q-t&~ 

derivative 2e, can be fully interpreted by assuming the 
presence of only one isomer (see Table I). 

CH2 80 
NH3 11 I 1: KCN , DMSO y2 y” 

v C,H5-C-CH2--=“A 2: 

2 

C6H5-C-CH2-N -A,d 

3a 4a 
CN 

- - 

Y2 Cl-4 
A II2 I e”*Hc’~cH3 

Ad=0 + C&y-c--Ci-i2 -NHOH.HCl - 
cci-t3),c=0 

C,H,-C-Cl-f,-$j= C, 

5 2b 
CH3 

- - 
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Reaction of AdClNO with various afiylic o~&I,s. The 
adamantylidene nib-one hydrochloride 21 was of some- 
what greater purity and stability than the analogucs 
derived from tbc other Q~h~~~~~ brunt. We 
therefore elaborated this new synthetic route in parti- 
cukr for the sythcsis of adamantylidenc &ones. 

On reaction of AdClNO la with the ~-~~y~~n~ 
6a4d, carrying diGrent pora substituents, high yields of 
the expected nitrone hydrochloridcs 7r-7d were obtainal 
in pcntane or in diethyl ether solution, after varying 
teaction times C&93%; sa Tabk 2). 

Safrok 4e, which contains a doubk bond not in con- 
jugation with the phenyl group, gave in a niati~cly fast 
ieaction a high yield of the cake styli 
nitrone hydrocbkridc 7t (76% after 3 days), in which the 
double bond is shifted to an ekctrunically favounabk 
direction, i.e. in conjugation with the phenyl group. It 
should ne noted that the NMR spectrum of 7t is rat&r 
compkx, apparently due to the presence of E-Z isomers 
of the ole6nic double bond system, as becomes more 
evident from spectra of a degradation product (see 
below). 

OkCns exclusively containing aliphatic substitucnu R 
(i.e. 6f-U) have also been made to react with AdClNO 
18, Conversions were very slow in pcntane solution at 
room temperature, and even after 27 days incompkte. 
Apart from unrcactcd starting material, the adaman- 
tylidene n&one by~hk~ 7f-3 were virtually tbc 
only products (see Table 2). The structure of tbc nitrone 
hydrochkridcs derived from 2mcthyipcntcnr+2 il and 
2-mctbylbutcnc-2 6g again shows that pruduct formation 
~~~~~nt~~~~~xtk 
noteworthy that these olefins have two types of ally& 
hydrogen; ‘in principle, this can kad to dilfereut 
(disc) &ones. donut spectral analysis indicates 
that in both cases only one of tbc possible isomers is 
formed: the one with the nibnne group attached to the 
originally least substituted site of the ok&& double 
bond. 

N=O 

Ad<, + 

With the nitronc hydrochlorides 7t, 7f and 71, derived 
from safrok. 2-mctbylpentene-2 and 2-cyclopropyl- 
propcne, respectively, some typical degradation reac- 
tions were carried out. The corrfzqonding free n&ones g 
could be obtained from the salts by means of ammonia, 
or by rapid extraction of an aqueous solution with 
chioroform. Hydrofysis asp almost q~ti~ti~ely 
cquimolu afrKmnta of W and bydroxykmiae 
9 (see Scheme 4). Spectroscopic properties of the free 
&ones 8 and hydroxykmincs 9 arc given in the 
experimental section, where the NMR spectrum of 
hydroxyktninc 9r (R3= m,p-CH&C!& R’=R’=H) 
clearly indicates the ptescnce of the 2 and E isomer in a 
ratio of 2:7. 

or by chmmstog@y @itia gcl/nseaturct. Safmk 4 2- 
methheatcae261uuiimbu!tncQwcrcFhrkapnwiucts.2- 

;CH* 
R’HC=C 

2cf 
,&I 

‘R4 - M=4\CHReCQFHg 

00*HCI 5” R4 
itd=~-~Hd-;=cHR' Ad=0 + HOHN-~HFh-;=_CHF? 

2: No HC03 

7 9 

stbemc 4. 
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52-5F. lity 5353.5’). ‘Ibe cbtedai a-mcthylstyrcne was pre- 
nrcd from PhCGC& bv a Wti ractioa. followitm Ref. 27. 

Formation of nitmk &v&idu. Rkions o~cr-chbtoni- 
troso compounds I with 2-pbcnylpropcnc wclc pcrformcd by 
dissolvitg 5mmol of the nitroso compound in 25mmol of tbs 
okfin. Stirring of the solution at 2(p in the ti tbcn fur&bed 
the nitronc hydrochloride aa a white precipitate. Isolation of the 
solid was effected by Wtratbn. and tubsequent rep&cd trituta- 
tion with anbydrour dktbyl ether. When acelonitrik or cbloro- 
form was lid as a co-solvent. Do cryaldinc pmduct was 
formed during the decoburation reaction. Tbc same nitronc salt 
could then be obtaimd after removal of the solvent and cxcc3s of 
okfin at diminished prusum. From AdClNO and 2-phcnyl- 
propencthisrflordedryieldof1#)46ofnitroaehrttcr2&ysin 
acctonitrile. and a yield of 94% after 6 days in chbrotorm 
solution. 

Reuctioru of AKIN0 with Or&s k-U were carried out with 
0.5 M n-pcntanc or dictbyl ether u apolar solvent. In all cases 
this furnished a crystalline product in the reaction mixture. 

Isolatbn of fm a,a-a&mantyii$ene nitmnu. The frtx 
nitrona could be obtakd in an almost quantitative way. by 
addition of an excess of liquid ammonia to an emulsion of tbc 
nitrone salt.9 (1.2 mmol) in 50 ml of dktbyl ether, and stining of 
the mixture at mom tcmpctaturc u&r car&l anhydrous 
conditiuns.urttBaBumcXtcdMummia had cvaporatL?d spon- 
tancously. Rapid removal of NH&I by tUtration and evapotntion 
of tbc ether. furnished white crystalline a+&tmantylidcnc 
nitroncs. Nittune k de&d from 2.phcnylplproptne IR (CHCI,): 
1610 (w), 1608 (m), luw) (w), 1460 (m). lls0 (s). 1100 (m) aud 
I%2 (m) cm-‘. NMR (CDCI,): 9 1.85 (btoad s. Ad, 12Ii). 2.80 
@toad s. MH. IH). 3.95 (broad s. AdH, IH), 4.90 (a. CHs, ZH), 
5.36 (s, HC:. HI). 5.52 (m. HC:. unrcs. couplings. IH), 7.34 (m, 
Ar). Nilrune 8s &ford from safmk IR (CHCb): 1650 (w), 1605’ 
(ml. 1% (s), 14% (9, 1450 (s), I250 (s), 1145 (s) and 1040 (s)’ 
cm-‘. NMR (CDCL): b 1.80 (broad s. Ad, IW), 3.0 (broad s, 
AdH, IH), 3.88 (brood s, AdH, lH), 4.63 (d. CHs, J = 6,2H). 5.87 
(a, CH&. W), 6.03-6.96 (m. Ar and HC:CH, 5H). N&rune W 
d&cd fmm 2-methylpatcne-2. IR (CHCIs): 1650 (w), 15lUJ (m), 
1458 (s), 1150 (8). 1100 (s). 19% (s). 1074 (1) and 9% (3) cm-‘. 
NMR (CDCL): d 0.89 (t. CHs. J = 7,3H). 1.79 (m, CHd:. untcs. 
couplings). 1.87 (btoul s. Ad), 2.25 (m, CHr, 2H). 3.15 (broad I, 
AdH, IH). 4.00 (brood s, AdH. IH), 4.55 (m, CHx, Jfl =9, 
J,x= 5. IH). 4.% (s, HsC:, 2H). Nitrune (I de&cd fmm 2. 
cycbpropylptupcnc. IR (CHCI,): 1659 (w). 1608 (m). 1460 (I), 
1150 (s), 1100 (8). 1095 (I). I%0 (s) and 955 (m) cm-‘. NMR 
(CDCl3: it 030-0.84 (tn. CHF&. 4H). 1.40 (m. CH, IH), 1% 
(Moods, Ad, 12H). 2.91 (hro&. xh, 1Hj. 3.%(brond a, AdH. 1H). 
4.57 (I. CH,, 2H). 4.90 (m, HsC:. unru. copplh# 2H). - . 

Synthc~ia of /3,y-unsatumtui hydmxylaminu, %&e by& 
chloride 2a or 7 was dissolved in dilute hydrochloric acid, and tbc 
solution was stirred overnight at rcnxm tcmpmatmc. Tbc formed 
adamantanonc was subsequcnUy tcmovod by rcpmtcd extnctioa 
of the water hya with n-paane. Neu~ (NaHCO,) at 
the remaining water layer was followed by cxbacthxn with 
chbtoform. Drying of tbc cxbacfa (Mg!lo,) aId nxloval of the 
solvent at dim&&d nrasure. nvc tbc B.*-uunmr&d 
bydroxylaminc. 2-Phei&vp-i-,-3$fhydrvxy&j~ 5. Yi&j 
95%. Whim Mates (PA 4&60/dktb~l c&cd. M.D. 6546.5’. IR 

(CHCI,): 3670 (m), 3350 (I), 1638 (m). 1616 (~).~I585 (w), 1510 
(m), 1030 (I) and 920 (m) cm-‘. NMR (CDCU: 8 388 (I, CHs. 
2H). 5.23 (d HC:. J- 1, IH), 5.44 (d. HC:, I- I, IH), 5.87 
(NHOH), 7.30 (m, Ar). MS: m/c 149 (M’). (Foutuh C, 72.32; H, 
7.49; N, 9.54. C&NO rnquircs: C, 72.48; H, 7.38; N, 9.3996). 
H~x&ntJJM%(R’=m, p-C&OX& R’=R-H). Yiild 70%. 
White plates (dicthyl ctbcr). Mp. %76*. IR (CHCI,): 3650 (w), 
3350 (m), 1663 (w). 1615 (w). 1518 (I). 15% (a), 1255 (s) and 1044 
(I) cm.‘. NMR (CDCI,): 9 5.90 (s, CH&. ZH), 6.25 (NHOH), 
6.80 (m. Ar. 3H). otba protons, see b&w. MS: m/r 193 (M+). 
(Found: C. 62.13; H, 5.63; N, 7.34. C,&,NG, requircsz C, 62.17; 
H. 5.74; N, 7.25%). lfydn~&&~ W (R’=H, R-H,, R’<sH,). 
Ykld 64%. Colotukss oil. IR (CHCI,): 3640 (w). 3300 (I), 16% 
(m). 1458 (0 and 900 (a) cm.‘. NMR (CDCI,): d 0.85 (t, CH,, 
J=75,3H). I.50 (m, CHx. ZH), 1.70 (s. CH,, 3H). 3.34 (m, CH, 

Jxx = 8. Ju = 6, IH), 4.93 (m, HsC:, ZH), 6.07 (NHOH). The MS 
ClOeV) exhibits tbc foBowing nmin peaks (m/e (composition, 
96)): 115 (CJ&fiG. 2.3). 87 (C&NO, Is), 86 (C&NO. too), 84 
(C&NO, 6.8). 74 (U&NO. 19.5), 70 (C&N, 49), 68 (c&N. 
20) 55 (C& 61.6), 41 (C& 85), 39 (Cd,, 27), 29 (CsHs, 16). 
Hytfr&rnrirv 9l (R’=R’-H, R’=&&). Yield 100%. Colour- 
less oil. IR (CHCU: 3650 (w), 3350 (s), 1650 (m). 1440 (m), 1022 
(s) sod 900 (s) cm.‘. NMR (CDCIs): it 030-0.91 (m, CHsCH1, 
4H), 1.12163 (m. CH. IH). 3.56 (a, CH,. 2H), 4.87 (a. HsC:, W). 
6.27 (NHOH). Tbc MS (70 cV) exhibits tbc fohving main peaks 
(m/c hmpodh 96)): 113 (GHIINO. 0.5). % (C&&k 30). 82 
(C&a 44). 67 (CrH,. 60), 46 (CH,NO. 100). N42-phr@)ptvp-l- 
m-lyi-N~2-cyMoodcManrrr-2)hy~xy~~ Ir In IOmi of 
dry(CaH3DMSGwcrudis~kd1g(356mmoBdfrccnitnnts 
3a and a fivafold excess of potassium cyanids (1353. After 
stining this solution for 3 &ya at mom tcmpenture, JOml of 
wakr was addal. Extraction of tbc water laya witb small 
portions of dkthyl ctkr sod cvapotation of the sohmt after 
dryin (M&Q). aEot&d 0.588 of a pak yellow soEd. crystal- 
lixation ftom etkr then pve 0.41 g (133 mmol) of pure Ir 8s 
whim nccdks. YiiM 37%. M-p. 131-131. IR (CHCl,): 3580 (s), 
33@J (m), 2230 (w), 1630 (w), 1600 (w), 1495 (m), 1455 (s), 1100 (s) 
and 910 (m) cm-‘. NMR (CDCI,): 8 1.3s2.38 (Ad, 14H). 3.81 (s, 
CHr, w), 4.80 (a, OH), 5.37 (a, HC:, IH), 5.42 (s, Hc:, IH), 7.31 
(m, Ar). (Found: C!, n.82; H, 7.78; N, 9.13. &H&C) rcqtks: 
C. Z’.92: H, 7.79; N. 9.09%). 
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