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Abstract: In triflic acid, 1-amino-2-nitroene derivatives undergo a C, O-diprotonation followed
by the loss of (protonated) water, to form the >C=N"< conjugated hydroxynitrilium ions that can react,
in a competitive way, either with TfO © or with added CsHe. The resulting phenylated dications can be
selectively reduced by NaBH, at the iminium bond moiety. A protonated nitroso derivative was also
isolated as its triflate salt. Structure, reactivity and mechanism of these reactions are discussed.
© 1999 Elsevier Science Ltd. All rights reserved.
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The general feature of these compounds is that they all have the entering group (Ph, MeS or MeQ) and the
OH of the hydroxyumno group, in the syn conﬁguratxon as deduced from 'H- and "C-NMR studies of their
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As a way to have a better understanding of the reactivity of non-aromatic 1-aminosubstituted-2-
nitroethene derivatives, the present study was undertaken on the following compounds:
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8 9 R=H 1 12 R=H
10 R=Me 13 R=Me
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Compound 8 was prepared from reaction of dimethylformamide dimethyl acetal and nitromethane**" or from
one-pot synthesis from orthoesters.* The others compounds were prepared by conventional methods, i) either
using nitromethane as a synthon for the 2-nitroene moiety and reaction with the corresponding O-
meihyliactim, compounds 9 and 11,"° or oc-di-O-methyiacetai compound 10, n) or by nucleopmuc
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RESULTS AND DISCUSSION
C,O-diprotonated cations:
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These compounds were dissoived in triflic acid at temperatures ciose to 273 K with uitrasonic stirring. NMR
study at room temperature or lower temperature (NMR variable temperature probe) aliows observation of
generally short lived species and monitoring of the reaction. C,O-diprotonation of compounds 8-13 leads
respectively to kinetic cations 14-19 of which spectra are reported Table 1. The kinetic C,O-diprotonated
cations are generally observed as short lived species with a half-live of some minutes at room temperature,

with the exception of cations 18 and 19 which are stable for hours under these experimental conditions.
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Table 1. NMR of kinetic C,O-diprotonated cations in triflic acid.

Coatinn # LEY WIAAD /8] e} B MODT128 ARAD /8 o)
wauui 1 CI-INIVIIN \UH ppl 1) L Ol VLT 1100-1NIVERN (U plll}
®
MeoN, Hy =275 K, ref TMS acetone-ds 44.5 (CHs): 72.08 (CH,NO,H)
§ f 3.00 (s, 3H, CHs); 3.26 (s, 3H, CH;); 5.11 (bs, 2H, = VR
@ CLL NN I R 70 (h o h,4f<txv 1 =N
/ \ W NTIZINIDNR ), O.aV \u.n, j/2 o Kddi, LX1, TN TRA)
H NOH ,,
I T=250 K, ref. TMS/MeOH-d, T~ 250K ol TMS in MeOHd, |
@ M., 184 (bis, 2H, CH.y. 2.58 (b.s, 2H. CH.): 3.66 (b.s. ;;61?‘%3%3;:(56.31,71.62 (CH:NO:H'),
- 2H, CH,), 5.29 (s, 2H, CH,NO,H"; 10.66 (b.s, =NH")| ' -0-50 &N
N
v/ NOH
ol T =250 K ref TMS in MeOH-d, ;():0:2;-50 fon;fs%sll?swg?ﬁ 71.65
N H !.85 (m, 2H, CHy), 2.83 (m. 2H, CHo) 3.00 (s, 3H| (Vi 1) 181 39 (5C=N<).
r N 3), 3.79 (m, 2H, CH,); 5.21 (s, 2H, CHy) (CH:NO-H'); 181.39 ( '
\ @
~/ NOoH o
o M 1.28 (bs, 4H, 2 x CH,), 1.44 (bs, 2H, CH,): 2.40{21 14; 23.56; 29.03; 34.13; 51.31; 75.44
7N ;‘:‘H (bs, 2H, CHy), 3.52 (b.s, 2H, CHy); 5.09 (s, 2H,{ (CH;NO:H")
[ H ® CH:NO-H"; 10.04 (b.s., 1H, 2N"-H)
N NOM -
@y Ref: TMS in acctonc-dq: 2.18 (s, 3H, SCH3); 2.57 (d.
Hu J= 5.8 Hz, 3H, NCH,); 4.98 (s, 2H, CH,); 8.82 (b.s.| Ref.: CcHs at 128.50 in TFSA (R.T.)
d o N-H) 1471 (SCH,); 35.19 (NCH,); 73.30
oS N s |minor ion: (1/5): 2.00 (s, 3H, SCHs); 2.4 (d. /=5 Hz|(CH,NO:H")
" *% |3H ,NCHs): 4.93 (s, 2H CH,NO,H"); 8.32 (bs, IH,
NH)
..ﬁ% H.. 2.32 (s, 3H, SCH;):3.05 (s, 3H, NCH3); 3.16 (s. 3H,| 17.01 (CH;S), 46.79, 47.26
\\\H NC}I;), 5.30 (S, 2H. CH3N02H+) 71.95 (JIBC—MN =1.5 HZ. CH:NOzm
/ \® Stable for hours at KT. i181.55 CC=N<)
MeS NO,H 19

These cations are all characterized by a deshielded methylene next to the protonated nitro group in the range
81 4.98 to 5.30 and &¢ 71.6 to 75.4, values close to the previousiy observed ones for cations 3.7 The proton
on the mtro group was not observed because of its ven y raplu EXCn&ﬁgE rate with the medium, as pl‘é‘:v‘u‘)umy
reported.” Starting materials 8-11 and 13 can afford only one C,O-diprotonated form, respectively cations 14-

17 and 19, but for product 12, two protonated forms can be observed. The configuration of the major isomer



J.-M. Coustard / Tetrahedron 55 (1999) 5809-5820 5811

is probably the same as the one of the starting compound 12, with the MeS and MeN in the s-cis
configuration, as observed by X-ray crystallographic analysrs m the same series™ or in solution in other
series.” In agreement with such an assumptmn are

@ M ® N the desh ‘t:ldlng of MeS and CH, groups and
H—N.‘ s‘H 'k_N. !’IH chialding nf \ nrnfnn n onn (71 haraneca Af
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/ @ / \ @ steric interactions. The amount of the minor £
Mes NOH (B18 Mes NOMH (218 isomer seems to depend upon the way in which

compound 12 is dissolved in triflic acid. It represents
less than 1/5 of both cations, and is probably due to a further isomerization of the major cation, as previously
observed with aromatic derivatives.

Hydroxynitrilium ions:

The C,O-diprotonated cations are transformed into conjugated hydroxynitrlium ions. The
transformation can be monitored by NMR. However, observation of the hydroxynitrilium ions cannot always
be possible because some of them are either too slowly formed at low temperature or too highiy reactive at
higher temperature, even with triflate anion (vide supra). The species 20, 21 and 22, shown in tabie 2, were
observed. Hydroxymtnlmm ion 20 is nearly quantitatively formed and was observed as a single ion in the

medium (figure 1). It is stable enough for hours near 273 K allowing easy NMR characterization. Its nice
spectra show that both methyl protons resonate as a singlet at 5y 3.23 and the vinylic proton as a broad singlet
at &y 7.62, however, the methyl carbons have different chemical shifts and appeared as two signals at 8¢ 47.7
and 49.4. Iminium carbon resonates at 8¢ 150.9 ppm with an apparent coupling constant of “J;sc-1ex = 12 Hz,
a value in the range of what is usually encountered for an sp® carbon. The most interesting feature is the
hydroxynitrilium carbon that appears as a weak and partially resolved triplet at 8c 27.7 with an apparent
coupling constant of %J1sce14n = 37 Hz. The latter chemical shift and coupling constant values are close to the
values observed with various nitrile oxides.**" Quadnpolar relaxation of "N acts as a decoupling mechanism

on BC_N countine and canges a broadeningo of the sionals The hvdroxvnitrilium carbons in cations 21 and 22
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resonate as very weak and broad signals respeetiv_ly at 6c 25.6 a _d 24.7, probably in connection with nitrogen
substitution. The influence of nitrogen substitution is more sensitive on the iminium carbon with 8¢ value

168.33 and 165.10 ppm, respectively.
Table 2: NMR of some hydroxynitrilium ions

Cation # 'H-NMR (8;; ppm) "C-NMR (5. ppm)
@ 3'18 (5. 6Hy 2 CH})’ 7.59 (S, lHu =C-m- 27.74 (t, JI3C-]4N =37 HZ,-C‘W—OH)
TN ® 47.69; 49.37
>—C§N*°H 150.93 (b.5, Jy3c. 19y =12 Hz,-C=N<)
H 20
H T= 250 K, ref.: TMS in MeOH-d T= 250 K, ref.: TMS in MeOH-d,.
®/ 1.84 (m, 2H, CHy); 2.69 (m, 2H, CH,); 3.68| 20.06; 25.6 (broad & weak signal -
r "\‘\ @ (m, 2H, CHy); 9.96 (bs, 1H, NH) C=N'-OH), 40.66. 55.67, 16833
C=N—OH (C=N<)
s Not very reactive. No reaction at 250 K in T= 250 K. ref TMS in MeOH-d
L3 A . - N .. 4
e ® g;m;,d;l‘}s":’nﬂ:gffif‘;“;‘%‘h 18.48; 24.7 broad & weak signal -
o 4 - ] . . .
H—c=N—on 1.85 (m, 2H, CH,); 2.83 (m, 2H, CHy); 3.07| C=N'"-OH). 39.00 (CHy); 39.44;
~/ 22 | (s 30, CHy): 3.66 (m, 2H, CHy) 64.96; 165.10 (C=N<).

The hydroxynitrilium 20 is relatively stable at temperature close to 273
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taking into account the relative in situ reaction rate of hydroxynitrilium ions wrth benzene vs. triflate anion.
Ion 20 reacts only with CsHs but ratio of 9/1 and 7/3 were observed for hydroxynitrilium ions 22 and 21
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respectively. The even more reactive and not observed hydroxynitrilium ion derived from azaheptacyclic
derivative 11, affords more than 50% of triflate derivative (vide supra). From these observations, it may be
concluded that a full alkyl substitution of amino nitrogen and a lack of alkyi substituent on C1 are stabilizing
factors and that an azaheptacyclic ring is a destabilizing factor for hydroxynitrilium ions. It is noteworthy that

thioderivative 12 is easily C (O-diprotonated into cation 18 which is very stable in the medium and of which
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transformation into the conespondmg hydroxynitrilium ion is very slow. reaction with CsHg needs to operate
at more than 50°C for three hours.
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Figure 1: *C-NMR spectra (50 MHz) of hydroxynitrilium ion 20 at 275 K (x: triflic acid & ¢: -C=N"-OH)

In situ hydroxynitrilium ion reactivity:
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compound 12 is heated for about one hour at 40 to 45° C, a new species is formed by a clean reaction. The
NMR spectra of these cations show, along with methyl and methylene signals, i) the presence of an iminium
carbon at ¢ 174.0 to 180.6 and, ii) a usually stronger signal in the field 8¢ 137.0 to 156.2 along with, iii) a
weak CF; quadruplet in the vicinity of the triflic acid signals (Ad¢ = 0.05 to 0.30 ppm) having a slightly higher
coupling constant (*Jr = 319.5 to 320.7 Hz vs. 316 Hz for triflic acid). Such analogous signals and coupling
constants were previously described for ketone enol triflates e.g. 8c 143 to 149 and Jer=319t0 322 Hz '™,

$osd alind dloncn mndimane man deidV b Ao oali o D o L prpmp W l_.=
rrom wnese UOSCTlel ﬂb, ll Ill.dy DC POLSLUIALCU Lidl UITHG LAlIVID dIC L ialS Uoll Lives 10rmeéa VY nucicupimic
additinn nfteiflata anian tn tha =N trinle hand af hudeavunitrilinnm inne Tha cional in tha ranca 8. 127 O A
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156.2 corresponds to the resonance o_f thc carbon bearing the triflate gr-up This behavior may also be

subsequent fluoro ion 26, then compound 27 after quenching with methanol.'

H
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The formed species does not react with benzene in situ, even at 50°C for some hours. When the acidity is
destroyed with water, they afford soluble products not otherwise identified in the present study '®'"* The
azaheptacycllc cation 32 can be quenched with ethanol in dichloromethane to afford, by a clean reactlon, the

idata Aa a4 a naially ctabhle caomnaind bt annaranthy enno:f“ra tn Ada~rnmnacitinn An
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Two isomeric cations 28 were observed: the iminium carbon of the minor isomer resonates at higher field than
the iminium carbon of the major isomer: 3¢ 175.83 and 8¢ 179.85 respectively. Usually to the more crowded Z
isomer corresponds the more shielded iminium carbon. Such a feature was also previously observed in another
series and confirmed by X-ray crystallographic analysis of trapping product (PhN instead of MeN and Ph
instead of OTf).” The hydroxyiminium carbons of the both cations are not very different (Aﬁc 0.29 ppm) and

Me because the course of the nucleophilic addition on the -
@ @ ’ . C=N_O trinle bond cccurs in such a way that the
H—-" on m——'N 1 =L ‘J’l\./ UUII UNAALLD 153 ML a wa uimac ue
. minar isomer entering group and OH are in the cis configuration in
major isomer 7\ mmorisomer TR, HEEE gloup € ¢is conhiguration m
No-oH MeS  No-oH the resultmg product’, the conﬁguranon of both C=N
(E, Z)-28 H (Z, 2)-28 H hydroxyiminium bonds must be the same and in the

present case (Z)-configured. From these considerations,

Table 3: NMR chemical shifts of triflated cations in triflic acid.

Cation # 'H-NMR (8;; ppm) 13C- or DEPT135-NMR (6c ppm)
H two isomers: two isomers:
Me'_@ / om minor: 2.33 (s, 3H, CH;S); 3.03 (d, J=5.6 Hz, IniI}or 18.02; 35.82; 156.22 & 175.83
y— 3H, NCHa); 9.15 (b.s, NH) major: 16.8@; 37.00;
A N major: 2.37 (s, 3H, SCH3); 2.90 (d, J=5.6 Hz,| 119.08 (q, 'Jr= 319.5 Hz, OTf); 155.93
_}. - 2H NOCH.Yy QO (h o Nu\ (. hvr’rnmminn\ 17() RE (C_iminn)
H z5 FERy ANVAATF, F. 70 (V.S LV AT VAY BRIV S, &/ S US (TR,
17.11; 49.01; 48.59;
D . - . » s
MooN o 2.30 (s, 3H, SCHs); 3.04 (s, 6H, (CH3),N=}; 119.03 (q, = 321.3 Hz, OTH);
e TFSA, RT, In situ no CeHs trapping. Slow| 155.96 (C-hydroxyimino);
MeS JroH formation 177.09 (C-imino).
W 29
oF 1.88 (m, 2H, CHy); 2.91 (m, 2H, CHy); 3.73] 19.92; 35.35; 56.43;
N o (m, 2H, CH,); 9.82 (b.s, NH) 119.28 (q, 1Jc,,-—— 320 7 Hz, OTD);
E‘J\ Lo 137.04 (C-hydroxyimino);
180.01 (C-imino)
H 30
Me 1 €Y feee LT LI D200 e FLT I Y 2 1K (e 112 47 2R 87 A1 Q&ML ££ 20
(; I .04 \ll" ‘11[’ \_/llzl, K, PNF \lll7 &l l, ] 12}, [N e \37 10.""1, _FQ.JI, TE. 0-7\1"1\.«,, . “)’
N o 3H, NCH3); 3.84 (m, 2H, NCH,) 119.28 (q, V= 320 Hz, OoTD;
li}—( o 137.04 (C-hydroxyimino);
JoH . Siow formation. No reaction in situ with CsHg | 173.95 (C imino)
H
aM 1.27 m 2H (CH;); 1.48 m 2H (CH;); 2.77 m|20.24; 22 98, 28 41; 29 34
@‘"‘ 2H (CHg); 3.52 m 2H (CHy): 10.03bs. (N-H) | 50.35(CHo-N=);
® 5
_— \Niou No reaction in situ with CsHg !lg Ef @, J@:}_zfné_ Hz, OTH).
/ 130.94 \b uyulu.xyumuu;
H 32 180.57(C-imino)

Following these results, it was tempting to prepare the corresponding fluoro derivatives in superacid HF-SbFs.
The fluoro derivatives are much less reactive than the triflates'®'' and should be easily recovered. A very
exothermic reaction occurred when 11 was dissolved in HF-SbFs. After one hour reaction time at 0-5°C
followed by quenching with water/NaHCOs , the starting product was nearly quantitatively recovered. Such a
decrease in reactivity was previously observed, however to a lesser extent, with i-arylamino- i-methyithio-2-
nitroethene in HF-SbFs.* This presently observed lake of reactivity may account for the strong basicity of the

ammcmtrogen atom -no aromatic ring conioation- nf which strone nrotonation must nrevent any ﬁlrther

SR anNGuY daag VUL ST 2RV BRIV PR URRRAMRIY ksl Leiilh LIE



5814

deprotonatio iea 'ng to ion 17,

uyux OXyT itrilium io

=

-
-

J.-M. Coustard / Tetrahedron 55 (1999) 58095820

the key intermediate species on the way to the corresponding

oqr

This assumption implies that a very fast kinetic N,O-diprotonation firstly occurred in HF-SbFs. Deprotonation
of this species, e.g. by quenching with water/NaHCO;, leads to the starting material. Such a fast
heterodiprotonation was previously observed with 1,1-bis(methylthio)-2-nitroethene in triflic acid at low
temperature: the very first step of the reaction is a §,O-diprotonation that affords the same kind of
heterodiprotonated cation.'
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Figure 2:'H- and ?C-NMR spectra of cation 30 in triflic acid (x: triflic acid, o triflate and * methanol-dy)

In situ benzene trapping

Compounds 8-13 can be dissolved in a mixture of triflic acid and benzene to afford respectively cations

ORTR ATy

33-37. These reactions can be moniiored by means of NMR spectroscopy.
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hydroxynitrilium ion onto the benzene ring. However, with starting products 9, 10 and 13 that are transformed
into reactive hydroxynitrilium ions, a competitive reaction occurred because of triflate anion trapping.
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Table 4: NMR of cations resulting from benzene traoning in triflic ac

R (54 ppm)

"C or DEPT135-NMR (8¢ ppm)

2.97 d, J= 1.1 Hz, 3H, CHs); 3.49 (s, 3H, CHs);

Ref.: PhH at 128.5 ppm in TFSA.

RT without decomposition. In TFSA saturated
with benzene(R1) compelitive trapping between
benzene & TfO with 7:3 ratio

n::\ )‘8/ 7.15 (dd, J=8 & 8 Hz, 2H m-); 7.36 (dd, J= & & 8| 47.42; 53.09; 126.96 (C-lpso); 131.40;
\}—Q ® Hz, 1H p-); 7.52 (d, J= 8 Hz, ZH o0-); 8.43 (b.t, /=| 133.43; 141.03; 149.40 (C-
H poH 1.5 Hz, 1H, =NH) hydroxvimino); 164.57 (C-imino).
H 33 in TFSA / benzene
C | TS Ot 1 o
@/ L) 10.67 (5: ’IHI ——NT—I\ Stable for more than § dav: at 20.49; 39.08; 58.76; ]20'89 (C'Ipso);

131.41 & 132.66 (C o- & m-); 139.80

(ConYy 151 82 (C hudravviminn)-

v 7y 223,04 \(UTnyw CAY iUy,

182.24 (C-imino).

1.83 (m, 2H, CHy). 2.74 (s, 3H, NCH3); 2.86 (m,
2H, CHy); 3.73 (m, 2H, CHy); 6.98 (dd, J= 8 & 8
Hz, 2H m-); 7.15 (t, J=8 Hz,1H p-) 7.25 (d, /=8

Ref. PhH: 128.50 ppm in TFSA
19.20; 41.05 (CHs); 42.63; 65.99;
120.56 (Ipso), 131.52; 133.35; 141.03;

Hz, 2H -0). 150.06 (C-hydroxyimino); 178.93 (C-
in TFSA/benzenc and with about 10% of triflated | imino).
B E cation 31
, Ref.: TMS in MeOH-d,. TFSA & Benzene (RT) Ref. PhH: 128.50 ppm in TFSA
oM 21.85; 23.28; 28.54; 36.16; 54.33;
N @ 0.94 (bs., 2H); 1.55 (m, 2H); 2.49 (b.s, 2H).; 4.45 . O30
e (s 200, 108 (00, = 1.8 8 78 Hz, 2H mey. 7.24 :ég;g:ﬁ.l«_ﬁ, 1)33.44, 140.34; 155.77
kv//—\,.‘?.m (t,J=7.8 Hz, 1Hp-); 7.29 (d, J = 7.8 Hz, 2H 0-). 185.27{6%3.?
W
36 E
W /AN 1.31 (m, 6H); 2.68 (m, 2H); 3.57 (m, 2H) Ref.: TMS in acetone-dy
28 WY St o 1 2181, 2348; 2840, 3547, 5417;
e vey e Ly TFSA 119.97; 130.48; 131.59; 140.49; 158 64

a3

DONA.

o ;N”—H {C-hydroxyimino);
OH 185.75 (C-imino)..
362
N 1.79 (s, 3H, SCH;); 2.82 (d, J= 5.5 Hz, 3H, NCH) | Ref. PhH: 12850 ppm in TFSA/RT
e .7.08 (dd., J= 8 & 8 Hz, 2H m-); 7.27 (t, J= 8 Hz, | 16.48 (CH;S);, 37.10 (CH;N); 120.61
""“':\ 1H p-); 7.47 (dd., J= 8,8 Hz, 2H 0-); 9.50 (b.s, 1H, | (C-Ipso); 131.71 & 133.95 (C m- & o-),
® NH imino) 141.71 (C p-);
Wes  N—oOH From CgH; trapping of ion 20 in TFSA. A sole| 151.71 (C-hydroxyimino);
H 37 E |isomer probably with a Z-configured iminium | 182.61 (C-thioimidate).

Quenching the solution with water generally affords the corresponding phenylhydroxyimino derivatives
of which yields depend upon the extent of the competitive triflate trapping reaction. For instance,
azapentacyclic compound 9 leads to triflated cation 30 and phenylated cation 34 in a 3/7 relative ratio.
Quenching with water/NaHCO; affords phenylhydroxyimino derivative 38 (from 34) with 55% isolated yield
after extraction and crystallization.

N N—OH ™~ N—OH
¥y — l/ \\—(/ : LY - —— u
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Azahcptacyciic derivative 11 leads to less than 50% phenylated cation 36E and no
0 j T, |
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more than 38%
matography.
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Figure 2:'H- and "C-NMR spectra of cation 33 in triflic acid (x: triflic acid, o: benzene and * methanol-d,)

The competitive trannmq reaction
sometimes poor.

U Lr A LIIC Ly = 2

triflate anion explains why the yield of phenyl derivative is

ARGALYE QAivally

ot

Ton 35 is interesting because it affords, after hydrolysis and extraction from the acidic aqueous phase,
the nitroso derivative as the triflate salt 42. Basification of the aqueous phase leads to the formation of the
nitroso derivative with a pink-violet color that fades because of its dimerization into a mixture of isomers, a

..... JRR UK SN SR PO BUCIE RN
usual behavior for nitroso derivatives.'
<
'I CF380; Il [ ’I
—N 4 OH NsBH, Cation ﬁui ;}‘_OH l ~—N, N=0
SN e ¥ e W o L

ERO Ph | = Ph
then H20 pink to violet

44 42 43
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Hydrolysis of the iminium bond (e.g. with dilute KOH) was not attempted in the present study. However,
direct reduction of this same cation 35 in triflic acid with NaBH, in anhydrous ether and at 0°C under a
mtmgen atmosphere as described by Olah ez al.," led to a selective reduction of the iminium bond to form the

N-methylazacyclopentane derivative 44 (65% fECOVE“ed yield).

Quenching the solution with water can also be complicated by hydrolysis reaction: cation 33 underwent
deprotonation and hydrolysis of its imino bond m Q!’d the corresponding carbonyl derivative 40, However,
mterestmgly, direct reduction of this same cation 33, in triflic acid w1th NaBH, in anhydrous ether and at 0°C,

under nitrogen, led to the selective reduction of the iminium bond to afford crystallized hydroxyimino
derivative 41.

HO. HO
N

. L
//‘vu\ CHO  water cation NaBH, /\,')k/ ez

U 13 triflic ac. k:, J
~ Et,0 then
water

40 L]

Concerning cation 37 from thioderivative 8, two sites for hydrolysis are possible, either the iminium bond, or
the C-SMe bond. Both reactions were observed and afforded respectively products 45 and 46 ' in a 12:1
relative ratio, indicating that the iminium bond is less prone to hydrolysis than the C-SMe bond.

@ _H
HO_ HO-\.N
~SMe 1]
8 %‘F;"'s:" I/(\Y T@ 10 Ph)l\ﬁ/ NHMe Ph)‘\'r She
1
° 12:1 °
37 45 46

Hydroxyiminium bond configuration

Configuration of the C=N hydroxymmum bond in the kinetic product was previously shown to have the

phenyl ring and OH in the cis configuration.> This result is in full agreement with an expected addition on a
CN triple bond.* This configuration is generally preserved in the neutral product after usual work up.
Retention of conﬁguratlon can be checked when ever possible, by dissolving the recovered neutral product in
triflic acid and recordmg 'H- and PC-NMR spectra with special emphas:s on the chemical shifts of aromatic
protons and iminium/hydroxyiminium carbons. In the present study, isomerization was not generaily observed
for the kinetic cations in triflic acid, even after days at room temperature or hours at temperatures >40°C. The
very strong protonation of the nitrogen atoms may account for this behavior, in agreement with previously
observed results: the strong acidity of the medium causes complete protonation of the hvdroxvummum
nitrogen atom and so prevents any isomerization of the CN double bond via the unprotonated form."

The special case of cation 36E is particularly interesting because of its corresponding neutral iminooxime 39E

isomerizes in acetone to afford quantitatively compound 39Z. When compound 39Z was dissolved in triflic
acid, it afforded cation 36Z, stable for days at room temperature. Cations 36E and 36Z have nearly the same
nmr spectra excepted that, 1) the aromatic protons present a different pattern and, ii) both iminium carbons
have nearly the same chemical shift 5. 185.7, but differ at the level of the hvdroxviminium carbon with &,

158.64 s 155.77 respectively. This difference value of AS. = 2.87 ppm is usually related to Z-E isomers of
oximes'® and indicates that both the cations 36E and 36Z are respectively the £ and Z isomers of the cation
resulting from benzene trapping of hydroxymtrlhum ion derived from the azaheptacyclic starting product 11.
From all these observations and by compansons with prewously reported results on nucleophlhc addition on
CN triple bonds, it may be concluded that ail these kinetic cations have their hydroxyiminium groups with the
phenyl ring and the OH in the cis-configuration.
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CONCLUSION

In triflic acid, 1-amino-2-nitroene derivatives undergo a C,O-diprotonation followed by a loss of (protonated)
water, to form >C=N®< conjugated hydroxynitrilium ions. These latter ions are reactive enough to add triflate

et n Alaom ennntinm ta wriald shn amiacim i 5 IR | PR .

a.luUH Uy a <ican reactlion w yiu ine wuucapuuumg UlplUlUlldlCU Llllldlb‘h even "l preacnu: OI ‘-'6116 irappmg

hv CsH, affords nnlv one isomer in which the aromatic ring and the OH of the hydroxyimino group are in the
NSAsw LTSNS AzANA AZNRR wAIN axai A5 GErw wax %Y RrARLINS 5! y AL W lll v

cis conﬁguranon. The phenylated dications can be selectively reduced by NaB}L_ at the iminium bond moiety

to afford the corresponding amino oxime. When the amino group is fully substituted and part of a ring

conjugated with the C(1)=C(2) double bond of the starting compound, it was possible to isolate the triflate salt

of the protonated conjugated nitroso derivative resu]tmg from Cg¢Hs trappmg in TFOH. Concemmg the

eactiv Ly of the formed nyu‘u‘ yi itrilium 101‘15, the least reactive observed ion possesses a n—LU) carbon
1 1

I
aring a Me.N aroun Other interactino reanlte is field will be nublished soon.
w4 i A‘l & AivAwW /LAY a‘v“y A AEWA ARRVWA WOLL LwoMivw D AdWwind VVA Vw uu“ﬂ‘lw

AKNOWLEDGEMENTS

Thanks to Pr J.C. Jacquesy for a nice suggestion. Thanks also to Janie Joffre for low resolution mass spectra,
to Sophie Schneider for eiementai analysis and to CNRS for financial support.
EXPERIMENTAL PART

Melting points were determined with a Biichi 510 apparatus using capillary tube (temperature rate 2°C/mn) and
are not corrected. A Britker WP 200 SX NMR spectrometer or a Briker DPX 300, eqmpped with a low temperature

et aad Far T and B cnontra ranardad - ale 200 ML / 50 My e 300 12 ML / 7€ 47 LI
PIUUU WUIU UDW lU'l L Al A\ ap\:uua u;buu.wu IUDPCUUVUIV dL LUU WVILAL [ VU IVIRRL VI )UU 10 IVRLML [ 70.97 IVAKLL,

NMR spectra of cations were recorded in TFSA at low temperature or at room temperature, and chemical shifis are
relahve to Me,Si in methanol-d4, contained in a sealed capillary tube placed inside the NMR cell. The reproducibility of
BC-NMR shifts was about + 0.05 ppm, but from experiment to experiment, small scale shifts were also observed

donending nrohahly of the NMR ool niced concentratian of the analivtee and of canrce tammnaratnire Hawaovoer NAD
GUpliiiigg piUvauly Ul Wit DINIVER Wi Usvas, LU QIO Ul UL allailyies aiiG, O1 COUrSe, wWilplrawiic. nowivlarl INivin

chemical shifts were given with two decimal points in a way to allow comparison between different signals of the same
cation or for comparison between two cations in the same solution. Electron impact ionization (70 e¢V) mass spectra
were obtamned with a Finnigan Incos 500 instrument. HRMS were performed at the CNRS analytical service and

microanalvsis were nerformed with a N A, 2000 Analvzer. Flash nhrnmatnorqnhv were achieved on silica gel 20 to 45

ARAAVIVGAMGA Y FAS VIVAY pVAAVIIAAVNS FYavas 8 L. &AW PR YLD, 2 ARSI GIAIUINAL) VYWAY fanaiiv Y VRe Uia Jiiawes &V oW T

pum particle size. HPLC was used to check purity or identity of the various compounds described below, and performed
with a Waters 600 pump equtpped with Rheodyne 7125 mjector valve (20 ul loop) and an Apphed Blosystem 785 A
programmable or Waters 486 UV detector, column 250x4 mm 1.D., 5 pm Spherisorb silica. Triflic acid came from
Acros and was used without further purification. No attempt was made to optimize the vields of the recovered products.

LTehol Al hodenes (1_aranyas Inhant 1 an Y vllcavhnwimidata 1941
AEyR 1v-uyul UAJ"I'mL,\JUIlC}!l’ ~Ch-&~YCATDOXINIGRW j&4)

Compound 11 (214 mg, 3.3 mmol.} was dissolved in triflic acid (4.6 ml, 52 mmol). After 16 hours reaction time, this
solution was poured over a stirred mixture of CH,Cl, (50 ml)-ethanol (10 ml) at -60 °C. When temperature was around
0°C, brine (20 ml) and NaHCO; were added in a way to bring the pH to a valuc around 7-8. Extraction with CHCl,

(2x150 ml) and usual workup afforded an oil (384 mg), homogeneous by TLC and 'H-NMR. Purification by PTLC on
cilica gel (CHCL.: EtOH 95-5 caturated with NH.OH) afforded 24 (111 mo ?doA\ Fxtencive decommacition ceemed tn

silica gel (CHCl:: EtOH 95:5 saturated with NH,OH) afforded 24 (111 mg, Extensive decomposition seemed to
occurred during PTLC. "H-NMR (CDCly) 8,1.27 (t, 3H, J = THz); 1.70 (m, 4H); mo (m, 2H); 2.55 (m, 2H); 3.40 (m,
2H), 4.11 (g, 2H J = 7Hz). C-NMR (CDCl;) 8¢ 14.39 (CH,); 23.83; 28.69; 30.33; 36.65; 44.26; 60.90 (OCH,);
164.24 (C-hydroxyimino): 177.06 (C-imine). MS: 184 [M', 17]; 156 [M-(C;Hy), 10]; 139 [M-(OEt), 85] 112 [100].
HRMS C;H,¢N,0," calc. 184.1212found 184.1217

(E)-(1-azacyclopent-1-en- 2-yl)phenylketone oxime [38]

Compound 9 (212 mg, 1.65 mmol) and benzene (1 mi, 11.3 mmol) were added under stirring to triflic acid (4.3 mi, 48
mmol) and let to react for 14 hours at 5°C. Quenching over ice/NaHCOQO,/CHCI; and usual workup of the organic phase
(3x120 ml CHCl;) afforded a white crystallized product. Crystallization from CH;Cl, afforded the title compound 38
(171 mg; 55%). m.p.° 180-1°C (white crystal). "H-NMR (DMSO-ds/CDCL) 8;;1.86 (m, 2H); 2.85 (m, 2H); 3.86 (m,
2H); 7.33 (m, 5H); 11.81 (s, 1H). *C-NMR (DMSO-d/CDCl;) 8. 21.83; 34.51; 61.26; 127.17; 127.83; 129.17;
131.87; 153.52; 172.10. MS 188 [M",43] 187 [M-H, 45] 171 [M-(OH), 100]; 158 [M-(NO), 53]. Analysis for
Ch H12N20 found: C 70.16, H6.25 N 14 84 calc.: C 70.19, H6 .43, N 14 88 .
(E)-(1-azacyciohept-1i-en-Z-yi)phenylketone oxime {39E]j kinefic product

Comnound 11 1212 me 2 mma!l ) was added under stirrine to 2 mixture of C.H. (1 5 ml 17 mmol ) and triflic acid (5

AANPUWIRE 2R \J 14 dig, £ HUIRJL) WAS dUUWU WUV DULLILEE W @ HIUAWUIVY V1 WElig (4. M, 17 LUINL. ) G\ LUV gl \J

ml, 56.5 mmol.) at 0°C. The reaction lasted for 16 hours during which temperature was let to rise to RT. Quenching was
performed on ice (80 g) and CHCI; (120 ml). Na,CO; was added in a way to bring the pH of the solution to 8 -9.The
organic phase was isolated and two further CHCl; extraction (2x120 ml) were performed. Organic phase was washed



J.-M. Coustard / Tetrahedron 55 (1999) 58095820 5819

with water then brine and finally dry over MgSO,. Elimination of the solvent under reduced pressure afforded an oil
(237 mg) that was purified by PTLC on silica gel (CHCL-MeOH 95/5 saturated with concentrated NH,OH) to afford an
oily compound 39E (130 mg, 38%).This compound eventually may undergo an easy Z/E isomerization in organic
solvents (c.g. nmr cell). "H-NMR (CDCL) 1.52 m 4H; 1.79 m 2H; 2.86 m 2H; 3.74 m 2H; 7.16d, 2H; 7.31 m 3H, 9.80
b.s. =N-OH. BC.NMR (CDCL)23 31; 25.94; 28.84; 31.25; 52.23; 127.59; 128.24; 129.29; 131.53 (C-inso); 157.34

IVERS (AL L) .22, & D rikdy dELSD LEL P 2&£F. LT, 2 2.IP sy, 1

(C-oxime); 174.34 (C-iming). MS 216 [M", 83]; 199[M-(OH) 85] 185 [M~(NOH) 85]; 171 [63]; 157 {42]; 96
[CsHioN, 100}]. HRMS: C;3H N0 * cale. 216.12626 and found: 216.1261

(Z)-(1-azacyclohept-1-en-2-yl)phenylketone oxime [39Z] isomerized product
Isomerization of 39E in organic solvent . g CDCl, (acidic catalysis 7) afforded 39Z.

m.p. 164-5°C (crystallized from acetone). 'H-NMR (CDClyDMSO-d;) &;; 1 48 m; 1.77 m; 2.80 (

O z7 nRYREEY ¢

7.16 (dd, J = 8Hz, 8Hz 2H, m-); 7.26 (m, 3H, o-, p-); 9.67 (b.s, 1H, oxime)."C-NMR 8¢ 22.28;
51.67; 126.20; 126 65; 127 83; 128 34; 156 .59 (C-oxime); 171 .92 {F-|mtnp\ MS: 216 IW SR}

EFALRLE N ST, RE0L0 o5 N aRARi) . IR ¥2 , U9

185 [M~(NOH), 48], 171 {20}; 96 [CsHmN 100]. HRMS C.;H,(,NﬂO calc:216.12626 and found: 216.12

(Finheavlalvoaxal a-monaaxyime 1401
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Compound 8 (151 g, 1.30 mmol.) was dissolved in a mixture of triflic acid (3 ml, 34 mmol.) and benzene (1.0 ml, 11.2
mmol.) at 0-5°C. The temperature was let to reach room temperature and the reaction lasted for 15 hour. After
neutralization with ice/Na,COy/ether (50 ml) and further extraction with ether (3x100 ml) then drving of the organic
phase with MgSO, and vacuum distillation of the solvent, the residual product was crystallized and flash-
chromatographic (CH;Cl;: acetone 8: 2) to afford compound 40 (124 mg, 64% vield). Some (E)-(Z) isomerization was

OIS St (LI ALAALAIN

observed during purification of 40. m.p. 116-7°C "H-NMR (CDCL) 7.35 m 5H; 9.61 s (CH=0). *C-NMR (DMSO-
dy/CDCls) 8¢ 126.67; 127.65; 128.35; 129.21; 155.46 (C-oxime); 190.88 (CH=0). MS: 149 [M", 22}, 120 [M-(HCO),

20], 119 [M<(H,CO), 92], 103 [PhCN, 35], 77 [CsHs, 100]. Analysis for CsH;NO,: found C 64.43, H 4.89, N 9.12,
calc. C 64.43, H4.70, N 9.40.
The conesnnndmn phenylglvoxime can be directly prepared by addition of a 15 to 20 time molar excess of NH;OHCI to

t}x_;a;(;\;;:;;s-;ﬁ;se d;l'l'l;g ne;lt'rwz;hzatlon (NaHCog) and 20 mn reaction time at about 45°C. Mainly, one ls;x;ler was
observed. Extraction with CHCl;:EtOH 85:15 then crysta]lization, afforded phenylglyoxime (59-63% yield) m.p. 174-6

Sno &

oC iitt 178-180° for the anfi-phenyi-amphi-giyoxime. ™
(E)—l phenyl—Z—«hmethylammoethanone oxime. [41]
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Lompouna 8 (382 mg, 3.3 mmol.) was added to a cold (ice/water bath) stirred mixture of triflic ac
and benzene (1.6 ml, 18 mmol). Afier 6 hours reaction time frnm 0° to 12°C, the solution was (1

;?z;
4

Et,0 (30 ml) under mtrogen at 0-5°C. Aﬁer one hour reaction time at 0-5°C, the mlxture was hyclmlyzed’2 and extracted
with CHCl; (3x100 ml) Purification by PTLC on silica gel (CHCI;-MeOH 95/5 saturated with NH,OH) afforded

i d AT (AT o O/ cx ox - TE V_TE W fvormy bang nasdlas Frmm cvalahavanal  Titt 9'1_900("7‘ or &0- 910(‘17"
COmMpOUNU 41 \to/ ing, 72 o). HLLP.. F3.2-70.57C (VOTY 100g BCCGICS TT0M CYGrONKXans), 1ik 6/-67 Of

Picrate: m.p.; 159°C (yellowish crystals from ethanol). MS: 178 [M", 3], 161 [M«OH), 6], 103 [PhCNO", 30]; 58

[C:H:N, 1003. 'H-NMR (CDCL) 8y 2.23 (s. 6H); 3.35 (s, 2H); 7.30 (m, 3H); 7.51 (m, 2H); 9.5 (b s. *N-O_H), BC.
NMR (CDCly) 8¢ 45.20 (CHs); 62.78 (CH,); 128.14 &128.52 (ortho & meta); 128.93 (para); 132.92 (ipso); 153.55
(C-oxime)

a-(N-methylcyclopent-2-enyl)-c-nitrosotoluene triflic acid salt. [43]
Compound 10 (244 mg, 1.72 mmol) was added to a stirred mixture of triflic acid (5 mi, 56.5 mmol.).) and betwene (1

PR e ) L AL PR, o L +~ 1710, ~oan P 170

mi, 11.2 mmol). After 14 hours reaction time from 0°C to 17°C, the acidic medium was quenched over ico/CH;Cl; (120
ml). NaHCO, (about 4.5 g) was added in such a way that the aqucous phasc stayed always acidic (both organic and
aqueous phases are colorless). Further extraction of the aqueous phase with CH,Cl:: EtOH 90: 10 (3x120 ml) was
performed and the recombined organic phases were dry over Na,S0O,. Vacuum distillation of the solvent afforded a crude
whitish crystallized compound (574mg,). After washing with Et,0, white prisms of 43 were isolated (267 mg; 49%
yield). m.p.: 113.5-116°C. H-NMR (accionc-ds) 8y 2.33 (g J= 7.8 Hz 2H); 3.44 (s 3H MeN'); 3.47 (t /= 7.8Hz 2H),
4.50 (t J= 7.8 Hz 2H); 7.48 (m. 5H); 12.86(s. =N-OH). >*C-NMR (acetone-ds) 3c 18.95; 39.71; 40.89 (CH,); 65.73
(CH,); 121.95 (g 'Jor= 320.0 Hz CF;); 127.62; 129.71; 129.97;131.24; 150.24; 180.41. MS (probe: 300°C): 202
[Ci12H14N: 0O, for M7, 20}; 184 [M-(H;0), 100]; 169 (15); 156 (20) 129 (25). Picrate: m.p. 186 °C (dec.) yellow necdles
from ethanol and analysis for C,sH;7NsOs: found C 50.34, H 3.99, N 15.86 calc. C 50.12, H3.94, N 16.24.

(E)-(N-methyl-1-azacyclopentan-2-yl)phenylketone oxime. [44]
Compound 10 (306 mg 2.16 mmol) was added to a stirred mixture of tnflic acid (4 ml, 45 mmol) and benzene (1.6 ml,

AD . iis reaction time Fom 0°C w6 7-9°C thao amidis madinm wae carafilly addad wnth ha
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syringe to a stirred suspension of NaBH, (300 mg, 7.9 mmol) in anhydrous ether (30 ml) and under dry nitrogen. After
one hour reaction time at 0-5°C (ice/water bath), the reaction medium was neutralized and extracted.”

Preparative thin layer chromatography (CH-Cl;: EtOH 95: 5 saturated with concentrated NH,OH) afforded compound
44 (305 mg, 69 %). m.p. 86.5-88 °C. "H-NMR &y 1.65 (m, 3H); 1.90 (m, 1H); 2.20 (dd, 1H); 2.39 (s, 3H, m); 3.08
(m, 2H). “C-NMR: §. 27.77; 29.22; 40.42; 56.51; 69.90; 127.72; 128 36; 128.44; 132.35; 157.89. MS: 204 [M", <1]

\LiL, ZX1f. TFAVIVERN. VT et 7 1y s 243,20, S4L.22, AR, &V java

187 [M-(OH), 28]; 159 [M~(CH:;NO), 15]; 103 [PhCNO, 48]; 84 [C:HyoN, 100]. Analysis for C1;HioN.O: found C
70.36, H 7.83, N 13.55 calc. C 70.59, H 7.84, N 13.72,

(E)-a-hydroxyiminophenylglyoxalic acid V-methylamide [45]
Compound 12 (182 mg, 1.23 mmol.) was added to cold (icc-water bath) triflic acid (3 ml, 34 mmol) and benzene (1 ml,
11.2 mmol). After 13 hours reaction time at R.T., this solution was quenchcd over a mixture of ice/NaHCO;/CHCl;

Usual workup of the organic pﬂa.sc (3x120 ml CHCl;) afforded a white crystallized pmuuu. Fiash cmonmwgfﬁpny
(elient CH,Cl,: AcOFt 97: 3) allowed the qenamtmn_ of starting material 12 (23 mg, 12%) from comnound 46 ! (12 mg,

Avantaay AR, ARSI SR LT Alaliof AT ALllAl L (& AR LAt

5%), eluent CH,Cl,: acetone 95.5 afforded compound 45 (140 mg, 64 %). m.p.° 190- °C 'H-NMR (CDCly DMSO-
ds) 8 2.83 (d, 3H J = 5 Hz MeNH); 7.35-7.53 (m, SH); 13.68 (s, 1H). "C-NMR (acetonc Ds) 8¢ 26.23; 128.22;
129.63; 130.60; 131.08; 152.18; (oxime); 164.93 (C=0). SM 178 (M",50) 161 (M-OH, 8) 134 (10) 119(13) 104 (100)

nnnnnn =o u\-n L Y I Walk s 1170 N"TATM A =z

£/ (bU) 38 (¥Y/7) KV Lgﬂ‘oﬁz(}z Cal IIO U/‘-hLL I()Uﬂ(l 1/8.U/41%1/ AmuySIs I()l' \9!'1]0]‘2!.}2 CH.IC L Dl lU n:) BD N
15.10 calc. C 60 67. H 5.66. N 15.72.
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