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Absiraci: Tertiary carbanions generated from o-substituted phenylacetonitriles in liquid ammonia add to nitro-
benzenes in the para position to form the corresponding 6"-adducts which are transformed, depending on the

starting nitriles and the reaction r‘r\nrhhnnc to nroducts of oxidative nucleonhilic substitution of hvdrogen
starting mitniies and the reachion Conaimot progucts of oxicative nucieopnuiC suostituiicn O nyarogen,

ONSH or vicarious nucleophilic substitution, VNSA © 1998 Elsevier Science Ltd. All rights reserved.
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arenes proceeds faster in positions bearing hydrogen, resulting in the formation of the o’-
adducts, rather than their addition in positions bearing leaving groups including halogens[1,2,3].

These o'-adducts can be further transformed into products of nucleophilic substitution of
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hydrogen viag nume
to be Vicarious Nucleophilic Substitution (VNS) which occurs when nucleophiles containing
leaving groups X at the nucleophilic centre interact with electrophilic arenes. The intermediate
o'-adducts produced in such a reaction undergo base induced S-elimination of HX giving
products of VNS[4,5].
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Amongst many other methods available for the conversion of o"-adducts, the most obvious
one seems to be removal of the hydride anion via oxidation, which should result in oxidative
nucleophilic substitution of hydrogen (ONSH)[6]. In looking for a specific oxidant which would
oxidise o'-adducts faster than nucleophiles such as carbanions we have assumed that the
negative charge in anionic 6"-adducts is more delocalized than in nucleophilic agents and should
favour oxidation of the ¢"'-adducts by anionic oxidants. It has been known that KMnOj in liquid
ammonia can be used as an efficient oxidant for oxidation of o -adducts of ammonia or sodium
amide to electrophilic heteroarenes[6,7]. Since both KMnO, and sodium or potassium derivatives
of carbanions form rather loose ion-pairs in liquid ammonia it was reason-able to expect that, in

gpll n between carbanions and MnQ, anions than
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avour oxidation of the latter.

.

have reported that the carbanion of 2-phenylpropio-
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nitrophenyl)-2-phenylpropionitrile[8]. We have also shown that our hypothesis is partially
correct, namely oxidation of the 6'-adduct of the carbanion to nitrobenzene with KMnO, indeed
proceeds faster than oxidation of the carbanion, however the major factor responsible for the
effectiveness of ONSH and high yields of the product is full conversion of the carbanion into the

H_adduct. Further studies have shown that other nitroarenes with free para positions to the nitro
group enter the oxidative process and the relationships established for the reaction of the
carbanion of 2-phenylpropionitrile with nitrobenzene and the oxidant seem to be of general

character(91
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RESULTS AND DISCUSSION

o mnnar th

In our previous paper the ONSH reaction
phenylpropionitrile carbanion was described[9]. Here extension of this process to other phenyl-
acetonitrile derivatives PhACHRCN, R=Et, n-CsH;;, Bn, MeO, PhO, N(Me),, Ph, CH(Me)Ph,
CHPh; 1a-i and their reaction with some substituted mtrobenzenes 2-5is prcsented Smce we

iave observed that oxidation of s-adducts is verv
ve observed that oxidation of o -adducts is ver Yy SCIiSi

ai W
o learmn how substituents R affect this process. Hence the carbanions of 1d and 1e enter the
VNS reaction, possible competmon between ONSH and VNS when R=MeO or PhO could
rovide some interesting information. In previous studies[9] we have found that ONSH in nitro-
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temp. ~-70 °C; reaction time 2 min; molar ratio of 1a-i, 2-5 and KMnO, 1 : 1 : 1. Results of these

exne_mmentq are given in Table 1

Tabie 1
NH,jiiq. Ph CN
NaNH, KMnO N
PhCH(R)CN  + NO, :.7:;::- R NO; Fmm— Ph NO,
$ - H : then NH,C! R F
X X X
1a-i 25 cH-adduct ONSH
R X Conv. of: I + ArNO: Yields of ONSH _ ONSH (%)
into o adducts * (%) Products® (%) "= o" adduct (%)

1a Et 2 H -=-f 2a 76 -

3 3-Ci - 3a 60 —
ib n-CsH;, 2 H -—- 2b 64 —-
¢ Bn 2 H 98 2c 77 0.79
1d MeO 2 H 98 2d 82 084

4 3-F 98 4d 83 0.85

3 3-CI 98 3d 74 0.76

5 31 99 Sd 51 0.52
le PhO 2 H 97 2¢e 67 0.69
1f NMe), 2 H 95 2f 65 0.68
1g Ph 2 H - no reaction -

4 3-F e no reaction -—
ih CHMe)Ph 2 H 2h 18°
1i CHPh, 2 H - 2 35 -

a) Estimated according to the percentages of the recovered nitriles from the reaction: [carbanion + nitro-
benzene} + Mel.

b) Yields of the isolated products.

¢) Concentration of the 6"-adduct was not estimated because the corresponding carbanion did not undergo
complete alkylation with Mel over 2 min.

d) Mixture of diasterecisomers.

Yields of the ONSH products are good to high for all the investigated carbanions except the
carbamons of 1g-i. The carbanion of 2,2- dlphenylacetomtnle (1g) when treated under standard
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|Ph ' Nl PR Ph
|7">CN + PhNO| + KMnO, Z2C—e NC>—ECN +  PhCOPh M
| Ph I then NH,CI Ph Ph
the carbanion 2 6 (95 %) 7 (4 %)
of 1n
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of 1h underwent partially the ONSH reaction giving 2h, 18 % and oxidation to 1,2-diphenyl-
nronan-l-one 8, 36 % The starting nitrile 1h was also partially recovered (30 %). Treatment of

A TONY T

of products of its oxidation whereas the ONSH product 2h was formed to a small extent (5 %).
From the mixture we were able to isolate only 1,1-diphenylacetophenone, 9 (21 %). Variation of
the temperature and the reaction time did not improve yields of the ONSH products.

On the basis of the results presented in our preceedine naners on this subiectiO1 we could
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conclude that oxidation of the carbanion of 2-phenyipropionitrile proceeds faster than its addition

to nitrobenzene ring. In such a situation high conversion of the carbanions to the ¢*-adducts is
necessary for high yields of the ONSH products. To clarify this question for the carbanions of

1a-i we used the reaction with Mel as a reliable measure of the addition equ _Lhrmm carbanion
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reacts rapidly with the carbanion but not with o™-adducts. Thus, formation of the methylated
nitriles in the reaction of the system carbanion-nitroarene with Mel is an indirect measure of the

concentration of the cM-adducts (eq. 2).
NH,lig
O/ 3z AR '70 GC = I Val ¥V PWe o AV aTY]
FIC{r)UiN T viel Tﬂ—'ll_;—_— rFiuivie(R)uiN
the carbanions Cooan 10c-f (98-100 %)
nern Nl‘|4bl
of 1c-f @
NHaliq.
o B e s s s s PR 70 °C i s i iy e s o i s = pemaoma s
[PRC(R)CN + PRNO,| + Mel - === PhCH(R)CN + PhCMe(R)CN
the carbanions 2 then NH,Ci Recovered nitriles i0e-f {1-5 %)
of 1c-f (95-99 %)

First we have shown that the carbanions of 1c-f were rapidly methylated with Mel in
quantitative yields giving the expected products 10¢c-f. But when Mel was added to an equimolar
mixture of the particular carbanion of lec-f and nitrobenzene 2 methylation of the carbanions
occurred to a negligible extent, below 5 %. These results indicate that there is practically full
conversion of the carbanions of 1¢-f and nitrobenzene into the c'-adducts. When the system was

quenched with NH,Cl the starting mtnles 1c-f were recovered unchanged. On the other hand the
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slower. Moreover, the results of methylation of the carbanions of 1g-i after 2 min in the presence
or absence of PhNO, were practically the same, for: 1g: 48 and 49 %, 1h 44 and 45 %; 1i 89 %
and 91 %. Thus the carbanions themselves were only partially methylated during 2 min, the first
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indicates negligible formation of the corresponding o'-adduct. It seems that this is the main
reason why these carbanions do not enter the ONSH reaction. In the case of the carbanion of 1g
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low concentration of the c'-adduct is a result of its low nucleophilicity. However, the carbanions
of 1h and 1i, despite bulky substituents, should retain nucleophilic properties like the carbanion
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low concentrations of the c*-adducts seems to be connected with the steric hindrances on the
addition step. To check this possibility we performed a competitive experiment in liquid
ammonia at -70 °C using an equimolar mixture of the carbanions of 1h and 1i. Treatment of this
mixture with p-fluoronitrobenzene (p-FNB) resulted in the formation of 2-(4-nitrophenyl)-2,3-
diphenylbutyro-nitrile (2h, 35 %) whereas 2-(4-nitrophenyl)-2,3,3-triphenylpropionitrile (2i) was
not formed. Under the same conditions the reaction with the carbanion of 2-phenylpropionitrile
resulted in the quantltatlve formation of 2- (4-n1trophenyl) 2-phenylpropionitrile. This result

c-adduct of the carbanions of 1hi to
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For all the carbanions of lc-f equilibrhu the addition to nitroarenes is shifted to the right,
however in spite of the practically identical concentrations of the o''-adducts the _ylelds of the

CO
ONSH nrndnr-f_, not nlwnvq hi l It can be part rticularly seen in the case of the reaction of 1d
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correlation between formation 0" the o' "-adducts and
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yields of the ONSH products could be connected with the influence of the substituents in the
aromatic ring on the oxidation step. We have used earlier the coefficient (r), r =yield of ONSH

nrndnct divided by the degree of formation of the g-adduct as determined via the reaction with

Mel. It allows comparison of the concentration of the o'-adducts and the yields of the corres-

ponding ONSH product hence, the effects of the substituents on the oxidation step. For readily
oxidised o-adducts the coefficient should be close to one, a value much below one indicates
difficulties in the oxidation step. Unfortunately, this measure cannot be applied to the carbanions
of 1a and 1b because at -70 °C they were not comple
the Mel test cannot be used as a quantitative measure of the concentration of the corresponding
ol-adducts. However the results of methylation of the carbanion of 1a (-70 °C) and of 1b (-48

°C) with PANO; (2 min. 10a 9 %, 10b 2 %; 30 min. 10a 25 %, 10b 27 %) and w1th0ut PhNO; (2

min 1Na 246 0/ 10k 5 0/. 2) min 1Na A2 04 10K §A4 0/ suggest tha
fiiifi. 1va 50 Vo, 1v0 5 Yo, Jvu [iiil. 1vad G5 Yo, 1ul 30 Yo; SUBECST ula

2ev thavafaes
il HICiCiIUIC

ity
reversibly attached to the arene ring in the form of o"-adducts. For the carbanion of 1b the Mel
test was performed at -48 °C because at -70 °C the sodium salt of this carbanion was n

in liquid ammonia.

It is well known +h
it 1S Wi KiiOWI

the carbanionic center can undergo base induced S-elimination of HX giving products of the
VNS reaction. One could therefore expect that in the reaction of the carbanions of 1d and le
with nitrobenzene VNS can also occur and compete with ONSH. We have already shown that

MeO and PhO substituents can behave as leaving groups in the VNS reactions[11]. However
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since the elimination of MeQ and PhO are not fast processes, and at -70 °C proceeds to a
negligible extent, the VNS cannot compete with KMn 0 induced ONSH. It is known that ONSH

/13 L =222V L -uuvvu A VRSA R, AR l AAARRS VY AL RARGAL /1Y LR

can proceed, although much slower and less efﬁmently, without external oxidants[12]. Such
"spontaneous” oxidation without external oxidants is much slower thus competition of VNS with
this type of oxidative process can be studied. When a mixture of the carbanion of 1d or le with

nitrobenzene was kept for 1 h "spontaneous” ONSH proceeded to a moderate extent. On the
other hand VNS re qu uires t

ther hand VNS re he presence of an additional base. Effects of temperature and base on
these reactions can be observed from data collected in table 2
Table 2
NOY I\le)
0‘\/2 1‘4u2
h - A § CN —\ . CN
»CN + PhNO, bl o] « + ph~ Den=n— Y-pn
R Z = R = 6 = R
R——CN  H——CN
Ph Ph
1d R = MeO 2 2dR=MeO 11 12
ie R = PhO 2e R = PhO
R Ratio of 1d (1e) : 2 Conditions 2d or 2e (%) 11 (%) 12 (%)
MeO 1:1 i 32 traces 5
2:i i 43 8 5
2:1 ii 45 49 1
1:1 iii 55 9 traces
PhO 1:1 i 1 traces traces
2:1 i 3 1 traces
2:1 i 5 27 traces
1:1 iii traces 88 traces

i: NHsliq., -70 °C, 1h:
ii: NH;liq.,~-30 °C, 1h:
iii: NHslig., -70 °C. 2 min. -BuOK (2 eq.). -70 °C A ~-30 °C. 10-13 min. ~-33 °C. 15 min.

The conditions i and ii assured only the presence of a small excess of sodium amide (~10 %)
and practically the only base in the system was the carbanion. In the case of 1d VNS was the
minor process in liquid ammonia below -70 °C but at higher temperature the VNS competed with
the oxidative process. The presence of 12 (5 %) suggests that the nitroarene acted itself as an
oxidant. PhO is a better leaving group than MeQ but surprisingly, the o' -adduct of the carbanion
of 1e to nitrobenzene did not undergo conversion to the VNS product 11. The only explanation is

that this carbanion is too large to promote base induced S-climination from the corresponding

l‘r o haca {#. TN\ and

0
o -adduct a at -70 °C. The con Onig 0asC ({-pUVA ana
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at a higher temperature. These conditions, in the case of ie made VNS the only process (i1, 88
1,9

%) but in the case of 1d ONSH (2d, 55 %) still overwhelmed VNS (1 %). From these results
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we can conclude that the distribution of VNS and ONSH products depends strongly on the
leaving group ability in the used carbanions.

n contract to the carhaninn

Cl is a very efficient leaving group, failed to react with nitrobenzene or even with very electro-
philic 3,5-difluoronitrobenzene (3,5-DFNB) via an oxidative pathway in the absence of KMnO,,
whereas the VNS products 13, 14 were formed to a moderate extent (scheme 3). It was

enfld and 1a
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apparently due to its rapid self-condensation and lack of additional base to promote S-elimination
of HCI from the corresponding o"-adduct. This explanation was supported by the results of
reactions of the carbanion of 1j with benzyl bromide and benzaldehyde. Namely, when an
equimolar amount of PhCH,Br or Ph\CHO was added to the solution of this carbanion in liquid

ammonia at -75 °C two minutes after its generation, neither 2-benzyl-2-chloropropionitrile nor 2-
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also unsuccessful and resuited in the formation of derivatives of acetophenone (15, 16) formed
probably via oxidation of the VNS products (scheme 3).

NO, Me . NO, NO, O
“ NH;liq. Me b NH,liq. <
& ' CN 4+ isomer 4;—7,?—@—— >cnN o+ [Z | -‘—Ka%— “ I Me + isomer 3)
.- para thenNH,cl  Cl AN 2min A A para
T r— = k el r. & TR ~ "
then NH,CI
A% IN O\ “ 10 O£\ S E NCAl A® 47 Ol AB 1™ LN
13 (20 %) (8 %) j 3,5-DFNB 15 (12 %) 16 (2 %)
1 2

From these results it is clear that VNS with the carbanion of 2-chloropropionitrile is so fast a
process that comparison of its rate with “spontaneous” ONSH is not possible in this way.

Meiting points are uncorrected. infrared spectra were recorded on a Perkin Eimer 1640
spectrophotometer. Elemental analyses were performed by the Microanalysis Laboratory of
IChO PAN. High resolution EI mass spectra were obtamed on a AMD 604 mass spectrometer.

'H NMR spectra were recorded on a Varian Ge 1 (200 MH2) spectrometer with either the
€re recor on a varnan pectrometer with either the

A1 LNIVAIN SpwwuG \uvu U\Il \&VV AvazaLyg

solvent reference or TMS as internal standards. GC analyses were carried out on a Shimadzu
GC-14A instrument using a fused silica capillary column (0.25 mm x 25 m, SE-52-DF-0.25
permabond). Thin layer chromatography (TLC) was carried out on aluminium sheets precoated
with silica gel 60 F (Merck 5554) The plates were inspected by UV llght Column
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1

commercial from either Aidrich or Fiuka and used as received with the exception of 2-methoxy-
phenylacetonitrile[13], 2-phenoxy-phenylacetonitrile[13], 2-N,N-dimethylamino-phenylacetonit-
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rile[14], 2,2-diphenylaceto-nitrile[15], 2,3-diphenylpropionitrile[16], 2-phenylheptanenitrile[17],
2,3-diphenylbutyronitrile [16], 2,3 3-triphenylpropionitrile[16] and 2-phenylbutyronitrile[17],

\uhlnh ware cunthecized neino the Ade rihed methndc All tha raantinne wora rn vy It >
YVilivil Viwiv Syliuiw AL.U\.I usin uu.o uuoullvvu MIWUIVUS,. O3 Uliv 1wvavuauviio vrwl v vUlIibuvivu  uliuw,

argon. The yields are of the isolated products without optimisation of the procedures.

1) General procedure for the oxidative nucleophilic substitution of hydrogen in nitro-
arenes with the carbanions of 1a-i:

The nitnile 1a-i (1.5 mmol) was added dropwise to a suspension of sodium amide freshly
prepared from sodium (38 mg, 1.65 mmol) in liquid ammonia (ca. 25 mL) at -70 °C (for 1b -48
°C). After one minute the nitroarene 2-5 (1.5 mmol) dissolved in DMF (1 mL) was added drop-

.
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for 2 min (for 1a and 1b - 15 min), after which time solid potassium permanganate (237 mg, 1.5

mmol) was added in one portion. The reaction mixture was stirred for an additional 2 min,
quenched with solid ammonium chloride (803 mg, 15 mmoles) and ammonia was evaporated.

Extraction with CH,Cl,. washine with water and brine {lrvmu with MeSQ, and t\hrnmatnmnnhv

CWLAN AL VY ARAA NrR RN ), VY LLSE 15 vy Aify WYALIE AVig 4 GG WELENSRIAEBUNS 3 8

yielded the crude product which was recrystallized from EtOH affording the pure
nitrocompound.

2-(4-Nitrophenyl)-2-phenylbutyronitrile (2a). Yield 303 mg (76 %); M.p. 96-98 °C (EtOH)
(Lit. 95 °C)[12]; 'H NMR (200 MHz, acetone-d;): =1.00-1.10 (3H, t, -CH,CHs), 2.55-3.70

Vi ) & g MLY MIT Y 7722 77 £&€ 78TT vv DL ‘7 N 7 ON L] ..ﬁ“ ~ £ WV --..- ,.._\
\Lﬂ, q, =L\ I13), /.00-/7,20 \(VI1, 1l, rly), /./VU=/.0U (&I, lll namm, t\f\ P L UL MA Sysiwein),
8.25-8.35 (2H, m, Hurom, XX' part of AA'XX' system); MS (EI, 70 eV): m/z=266 (44, M"), 237
(100), 220 (6), 207 (6), 191 (85), 178 (10), 164 (16), 152 (6), 89 (7), 77 (11), 51 (7); IR (KBr):
v=2241 (CN), 1517, 1346 (NO,); Anal. caled. for CisH;sN,Op: C 72.17, H 530, N 10.52;
CannA- 777971 ITI5 15 N 1N AQ

roufia. © 72.£1, 11 5.1, IN 1UV.47.

2-(2-Chioro-4-nitrophenyl)-2-phenyibutyronitrile (3a). Yield 271 mg (60 %); M.p. 73-75
°C (EtOH) (Lit. 75 °C)[12]; 'H NMR (200 MHz, acetone-ds): 6=0.99-1.10 (3H, t, -CH,CH3),
2.40-3.90 (2H, m, -CH,CHj3), 7.26-7.47 (5H, m, Ph), 8.20-8.26 (1H, d, J=8.8 Hz, Hyom ), 8.26-

£411 — wrd 1

270 (11 A f——’)ALI H Y 28, QA(1TH dd /=R H-> I=24H> H Y- MC (BT 70 oV

S.£7 (113, U, v= 4.7 114, Ilgrom.J), ©.27°0.97 (111, ul, J=88 Hz /=24 LiZ, Iigrom.J, 1VEJ \L1, /V CV ],

m/z=300 (48, M"), 272 (72), 224 (22), 190 (100), 178 (8), 163 (15), 105 (20), 84 (23), 77 (13),
49 (25); IR (KBr): v=2235 (CN), 1530, 1355 (NO,); Anal. calcd. for C,¢H;3N,O,Cl;: C 63.90, H
4.36,N9.31,Cl11.79; Found: C 63.69, H4.47, N 9.09, C1 11.75.
2-(4-Nitrophenyl)-2-phenylheptanenitrile (2b). Yield 296 mg (64 %); Qil; 'H NMR (200
MHz, acetone-ds): 6=0.80-0.90 [3H, m, -CH,(CH,);CHs], 1.32-1.53 [6H, m, -CH,(CH,);CHj],
2.51-2.64 [2H, m, -CH,CPh(CN)Ar], 7.32-7.56 (5H, m, Ph), 7.73-7.82 (2H, m, Hyom, AA' part
of AA'’XX' system), 8.24-8.33 (2H, m, Hyom, XX' part of AA'XX' system); MS (EI, 70 eV):
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m/z=308 (8, M"), 238 (100), 221 (5), 207 (3), 190 (11), 165 (6), 71 (4), 43 (18); IR (film):
v=2237 (CN), 1523, 1348 (NO,); Anal. calcd. for C,oH;0N,0,: C 74.00, H 6.54, N 9.08; Found:
C74.02,H6.28, N 9.07.

2-(4-Nitrophenyl)-2,3-diphenylpropionitrile (2¢). Yield 379 mg (77 %), M.p. 94-95 °C
(EtOH) (Lit. 95 °C);[12] '"H NMR (200 MHz, acetone-d;): =3.94 (2H, s, Hyenzy), 6.96-7.05 (2H,
m, Ph), 7.12-7.26 (3H, m, Ph), 7.65-7.76 (2H, m, Hyrom., AA' part of AA'XX' system), 8.20-8.30

(2H, m, Haom , XX' part of AA'XX' system); MS (EL, 70 eV): m/z=328 (4, M), 207 (2), 190 (3),
1L A £1) 0N Fa WaYa2y £ & &8N, T 70 'I AW A. "\"\‘70 SN T Y<4a 3ol 1940 AT ™ 2 A
164 (1), 91 (160), 65 (5); IR (fim): v=2238 (CN), 1523, 1348 (NO,); Anal. caicd. for

1
CyiHisN20,: C 76.81, H4.91, N 8.53; Found: C 76.86, H 5.01, N85
2-Methoxy-2-(4-nitrophenyl)-2-phenylacetonitrile (2d). Yield 330 mg (82 %), M.p. 79-80
°C (EtOH) %) (Lit. 80-81 °C)[18]; 'H NMR (200 MHz, acetone-dq): M

QUm0 L ~JL

4
FETY o DL 77 Of\_"l o0 LY i 1T et sl 0 A0 0 20 N s
\Jr1, ifi, rnj, /.0U-/.07 (<11, iil, [lyrom., AA' part of AA'XX' systein), 0.2%-8.36 \41’1, i,

Hamm, XX' part of AA'XX' system); MS (EIL, 70 eV): mz=268 (31, M"), 237 (100),
163 (10), 146 (55), 105 (14), 77 (11); IR (KBr): v=1517, 1348 (NO,); Anal. caled. for
CysHi3N;O5: C 67.16, H4.51, N 10.44; Found: C 67.15, H4.41, N 10.46.
2-(2-Fluoro-4-nitrophenyl)-2-methoxy-phenylacetonitrile (4d). Yield 356 mg (83 %); M.p.
68-70 °C (EtOH); 'H NMR (200 MHz, acetone-d): 8=3.44 (3H, s, OMe), 7.46-7.59 (5H, m,
Ph), 8.01-8.10 (1H, m, Hyrom ), 8.13-8.32 (2H, m, Hyon); MS (EI, 70 eV): m/z=286 (32, M),
255 (100), 209 (29), 208 (25), 146 (23), 105 (6), 77 (5); IR (KBr): v=1524, 1355 (NO,), Anal.
caled. for CysH; 1 N,OsF,: C 62.94, H3.87, N 9.79; Found: C 62.89, H 3.89, 84
2-(2-Chioro-4-nitrophenyl)-2-methoxy-phenyiacetonitriie (3d). Yield 335 mg (74 %); M.p.
114-116 °C (EtOH); 'H NMR (200 MHz, acetone-ds): 6=3.39 (3H, s, OMe), 7.44-7.54 (5H, m,
Ph), 8.27-8 31 (1H, m, Hyep), 8.33-8.46 (2H, m, Hyop ); MS (ElL, 70 eV): m/z=302 (41, M"),

271 (100 228 (10Y 190 (77 162 (11Y 146 Q1Y 1085 (17Y 77 {14y IR (KRr)}: \:—141‘7 1344

271 (1VV), 222 (17, 15V U77), 103 (11), 140 (F1), 1Uo i/}, /7 Ui4), iR (RDT ) 1344
(NO,); Anal. calcd. for C;sH;N,OsCl: C 59.52, H 3.66, N 9.25, C1 11.71; Found: C 59.44, H
3.50,N9.26,Cl1 11.82.

2-(2-1odo-4-nitrophenyl)-2-methoxy-phenylacetonitrile (5d). Yield 301 mg (51 %); M.p.
123-125 °C (EtOH); 'H NMR (200 MHz, acetone-ds): §=3.39 (3H, s, OMe), 7.40-7.55 (SH, m,
Ph), 8.23 (1H, d, /=8.8 Hz, Hyom ), 8.48 (1H, dd, /=8.8 Hz J=2.4 Hz, Hyom ), 8.76 (1H, d, /=2 .4
Hz, Harom ); MS (EI, 70 eV): mz=394 (100, M"), 368 (12), 363 (43), 317 (7), 276 (7), 236 (72),
219 (13), 190 (65), 177 (8) 163 (10), 146 (69), 105 (14), 77 (11); IR (KBr): v=1519, 1344
{(NO-): Anal. caled. for C,-H,;N-0:1L,: C 45 71, H?2 Rl N7.11,1 32.20: Found: C 45 7') H?_Q]

\A¥Nr L Jy 4 s 151 111; 234 2x L2 A A LRl 2 RRRR 2a L

\D
:7‘

VL. O/, 11 T O

,

AT 1N TAY 11
N /.1VU, 10411,

2-(4-Nitrophenyl)-2-phenoxy-phenylacetonitrile (2e). Yield 332 mg (67 %); M.p. 117-118
°C (EtOH) 'H NMR (200 MHz, acetone-ds): 8=6.80-7.85 (10H, m, Ph), 7.94-8.02 (2H, m,
AA' part of AAXX' system), 8.32-8.41 (2H, m, Hyrom, XX' part of AA'XX' system); MS

+ 2870001y < 34 * wli g, Vi
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(EL 70 eV): m/z=330 (1, M"), 237 (100), 191 (65), 178 (8), 164 (8), 65 (9); IR (KBr): v=1519,
1346 (NO»); Anal. caled. for C;oH 4N,Os: C 72.72, H 4.27, N 8.48; Found: C 72.98, H4.11 N
8.46.

2-N, N-Dimethyiamino-2-(4-nitrophenyi)-phenylacetonitrile (2f). Yield 274 mg (65 %); Oil;
'H NMR (200 MHz, acetone-ds): 5=2.33 [6H, d, -N(CHz),], 7.26-7.35 (SH, m, Ph), 7.91 (2H, m,
Harom., AA' part of AA'XX' system), 8.18 (2H, m, Hyom, XX' part of AA'XX' system); Anal.

caled. for CigH;sN;0,: C68.31, H5.37, N 14.94; Found: C 68.52, H5.03, N 14.69,
2,2,3,3-Tetraphenyisuccinonitrile (6). Yield (95 %), M.p. 208-210 °C (EtOH) (Lit. 200-205

°C)[19]; 'H NMR (200 MHz, DMSO-dq): §=7.26-7.30 (2H, m, Ph), 7.31-7.44 (3H, m, Ph),
LSIMS: m/z 385 (M + H)"; IR (KBr): v=2257 (CN); Anal. caled. for C;sH,oN,: C 87.47, H 5.24,
N7?Q Found: C 87.31. HS. 10 N 7.26.

N Ui dg i

Wre . __ L _____ 1)} 2

2-(4-Nitrophenyl)-2,3-diphenyibutyronitriie (Zh). Yield 92 mg (18 %); Oil (mixture of
diastereoisomers); 'H NMR (200 MHz, acetone-dg): 8=1.52-1.56 [3H, d, J=6.8 Hz, -
CH(CHs)Ph], 1.56-1.60 [3H, d, J=6.8 Hz, -CH(CH;)Ph], 4.33-4.44 [IH, q, J=6.8 Hz, -
CH(CH,)Ph], 4.36-4.47 [1H, q, /=6 8 Hz, -CH(CH;)Ph], 7.11-7.61 (18H, m, Ph), 7.53-7.61 (2H

Za\ ™1 222, 84y . Lah, TRoaa a3 \Aix, 11Xy A 3R) F.wa o yLai,

m, Harom, AA' part of AA'XX' system), 7.82-7.90 (2H, m, Ph), 7.98-8.06 (2H, m, Hgrom , XX' part
of AAXX' system), 8.07-8.16 (2H, m, Hyrom, AA' part of AA'XX' system), 8.31-8.39 (2H, m,
Harom , XX' part of AA'XX' system); MS (EL, 70 eV): m'z=342 (0.2, M), 279 (0.4), 238 (2), 221
(0.6), 123 (6), 105 (100), 103 (4), 75 (1), 64 (4), 51 (6), 46 (10); IR (film): v=2239 (CN), 1516,

INR A f_"'7’717 LY & 2N N Q 1Q. L. 7 7177 7 IT& 10O N

Anal. calcd. for C \/2211131‘42\}2 77,17, 11 3.0U, IN 0.10, Found: C 77.23 , 1.1y, IN

u 'quz) Ana

-(4—Nitr0phenyl)—2 3,3-triphenylpropionitrile (2i). Yield 30 mg (5 %), M.p. 154-156 °C
(MeOH); '"H NMR (200 MHz, acetone-d): §=5.64 (1H, s, -CHPh,), 7.10-7.39 (13H, m, Ph),

M/ AN et B A
2 m. Ph). 7.73-7.82 (2 LI AA' part of AA'XX' svystem
Ldl, Ay LxRjf, . 4L \£T11, X

A
arom., {3 palt UL AR AA 3YSiClll ), 0.1V-0.

B

i.JVUTi.

v e

Harom.» XX' part of AA'XX' system); Lble m/z 405 (M + H)"; IR (KBr): v=22 5
1345 (NOz) Anal. calcd. for C27H20N202 C 80. ]8 H 4. 98 N 6. 93 Found: C 80.16 5 H 500, N
6.95.

1,2-diphenylprepan-1-one (8). Yield 114 mg (3 I . 48.
°C)[20]; 'H NMR (200 MHz, acetone-ds): 8=1.47 [3H, d, J=6.8 Hz, -CH(CH;)Ph], 4.89 [1H, q,
J=6.8 Hz, -CH(CH3)Ph], 7.12-7.56 (8H, m, Ph), 7.98-8.06 (2H, m, Ph); IR (KBr): v=3030,
1683, 1600, 1589, 1494, 1452, 753, 696.

1,2-diphenylacetophenone (9). Yield 84 mg (21 %); M.p. 133-135 °C (EtOH) (Lit. 134-135
O\~ lrr vyo o -~

’C){21]; "H NMR (200 MHz, acetone-ds): 5=6.01 (1H, s, CHPhy), 7.10-7.55 (13H, m, Ph), 7.90-
7.98 (2H, m, Ph). IR (KBr): v=3060, 1685, 698.

6 %);
H,
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2) Description of the competitive experiment of an equimolar mixture of the carbanions of
1h and of 1i with p-FNB.

The nitriles 1h and 1i (1.5 mmol of each) in DMF (0.5 mL) were added dropwise to a
suspension of sodium amide freshly prepared from sodium (71 mg, 3.1 mmol) in liquid ammonia
(ca. 25 mL) at -71 °C. After one minute p-FNB (212 mg, 1.5 mmol) dissolved in DMF (0.5 mL)
was added dropwise. The reaction mixture was stirred for 1h, quenched with solid ammonium

chloride (803 mg, 15 mmoles) and ammonia evaporated. Extraction with CH,Cl,, washing with
water and brine, drying with MgSO, and chromatography yielded 2-(4-nitrophenyl)-2,3-diphe-

nylbutyronitrile (2h, 35 % mixture of diastereoisomers).

a) Reaction of the carbanions of 1a-i with Mel: To a solution of the carbanion of la-i (1.5
mmol) at -70 °C (for 1b -48 °C), prepared as in procedure (1), Mel (213 mg, 1.5 mmol) was

added in one nnrhnn After 2 min the mixture was

and the residue analysed by GC using biphenyl as an mtemal standard: 10a (36 % after 2 min, 63
% after 30 min); 10b (5 % after 2 min, 56 % after 30 min); 10¢c-f (98-100 %); 10g (49 % after 2
min, 73 % after 30 min); 10h (45 % after 2 min); 10i (90 % after 2 min).

b) Reaction of Mel with an equimolar mixture of the carbanion of 1a-i and PhNO,: To a

nched with NH. (‘] ammonia evanorated

q Wil 1M ANL A4, QainasuinGg v yGpulGuva

anliitine Afthn narhani~n ~F 15-. s (1 m sl smensanmnad as 1 tha mennadiien /1\ and DLAIMN /108
solution of the carbanion of 1a-i (1.5 mmol), plcpalcu as iit i€ pro<equrc (1), and rniNuy (100
mg, 1.5 mmol) in liquid ammonia at -70 °C (fo -48 °C) Mel (213 mg, 1.5 mmol) was added
in one portion. After 2 min the mixture was qu lench d with NH4Cl, ammonia evaporated and the
residue analysed by GC using biphenyl as an internal standard: 10a (9 % after 2 min, 11 % after
2N man) 1T0Oh 4 04 aftar D v 7 0/ mf—'f O min) 10~ F (1 _5 0/ Tew {AQ 0/ afbar D min T8 04
JU 1 uu}, AU \“f /8 N1 4 iy, 7 /0 alt U 1 U 1 \l'-) /'U}., IUS \"0 70 Al & llllll., /IJ /0
|

r 2
after 30 min); 10h (44 % after 2 min); 10i (
4) Description of the experiments according to Table 2.

a) Procedure i: The nitrile 1d or 1e (1.5 or 3.0 mmol) was added dropwise to a suspension of
sodium amide freshly prepared from sodium (71 mg, 3.1 mmol) in liquid ammonia (ca. 25 mL) at
-70 °C. After one minute PhNO, (185 mg, 1.5 mmol) dissolved in DMF (1 mL) was added
dropwise. The reaction mixture was stirred for 1h, quenched with solid ammonium chloride (803
mg, 15 mmoles) and aminonia evaporated. Extraction with CH,Cl,, washing with water and

brine, drying with MgSO, and chromatography yieided the crude product which was recrysta-
llized from EtOH affording the pure nitrocompound.
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For stoichiometry of 1d : 2 =1 : 1 - 2d (32 %), 11 (traces), 12 (5 %)

For stoichiometry of 1d : 2=2:1-2d (43 %), 11 (8 %), 12 (5 %)

For stoichiometry of 1e : 2 =1 : 1 - 2e (1 %), 11 (traces), 12 (traces)

For stoichiometry of e : 2=2:1-2e (3 %), 11 (1 %), 12 (traces)
2-(4-Nitrophenyl)-2-phenylacetonitrile (11). M.p. 70-72 °C (EtOH) (Lit. 70-72 °C)[22]; 'H

NMR (200 MHz, acetone-ds): 6=5.85 [1H, s, -CH(Ph)CN], 7.34-7.56 (SH, m, Ph), 7.73-7.83

(2H, m, Hw,, AA' part of AAXX' system), 8.26-8.36 (2H, m, Hyon, XX' part of AA'XX'
s b meee Y. A A Y "IN X\ /___ N0 F1INAN AATY AT 10N 1O 7™ 177 7O\ 1LL8 s 127 F1 1\
system); MS (EI, 70 eV): m/z = 238 (100, M ) 221 (1%), 152(97), 117 {F), 103 {(¥0), 132 (11),
116 (16), 89 (13), 77 (11); IR (KBr): v=2250 (CN), 1516, 1342 (NO,); Anal. calcd. for
C14H1oN,0O,: C 70.58, H4.23, N 11.76; Found: C7053 H4.13,N 11.75.
Compound 12. Yield 37 mg (5 %); Oil; 'H NMR (200 MHz, acetone-ds): 8=3.46 (3H, s,
2 A" 2LT MNNA T 2A 77 £1 710OTT ’7/ LY _; AL A AVUWV
u1v1c}, 3.4/ (o, §, uivig), 7.04-/.01 (1vurni, Iii, ru), 00 (<, M, ﬂarom, AA' parn 01 AAAA

system), 7.78 (2H, m, Hyom, AA' part of AA'XX' system), 8.22 (2H, m, Hyom, XX' part of
AA'XX' system), 8.39 (2H, m, Hyonm, XX' part of AAXX' system); MS (EI, 70 eV): m/z=488
(48, M"), 472 (12), 429 (13), 342 (2), 250 (4), 222 (58), 190 (100), 146 (45), 105 (14); HRMS
(EI): caled for C3oHy4N,O53: 488.184841, found 488.185645; IR (film): v=1598, 1490, 1462,
1410, 1190, 1075.

b) Procedure ii: The nitrile 1d or le (3.0 mmol) was added dropwise to a suspension of sodium

amide freshly prepared from sodium (71 mg, 3.1 mmol) in boiling liquid ammonia (ca. 25 mL).
After one minute PhNO, (]Rﬁ me. 1.5 mm 01 dissolved in DMF (1 ml ) was added drnnwrsp

BALWA NJAEW ARAEIivElwW A I o L 3 3 u NNE Rix AV AxRady

ennnts A PR Lo Tl ool T A el 1Y Sl
lﬂc l—Cd(.vUUll Imxwrc was st CU 101 lll qllCIILULU Wllll bUllU dllUIlUlllUIll blll U.t: [OUJ Illg 1:

mmoles) and ammonia evaporated. Extraction with CH,Cl,, washing with water and brine,
drying with MgSQO, and chromatography yielded the crude product which was recrystallized
from EtOH affording the pure nitrocompound. For 1d: 2d (45 %), 11 (49 %), 12 (1 %). For le:

2e (5 %), 11 (27 %), 12 (traces).

¢) Procedure iii: To a solution of 1d or le (1.5 mmol) in liquid ammonia, prepared as in the
procedure (1), and PhNO, (185 mg, 1.5 mmol) #~-BuOK (347 mg, 3.1 mmol) was added in one
portion and the mixture was allowed to warm to ~-30 °C (10-15 min). At that temperature the

artian mivtire wace ctirrad for 15 min and then anenched with calid ammaonnm r\h]nnrh:h fﬁn?
l\/O\/‘lUll HHIAIWLY YVaD OULILIVU 1V 10 1 QU LIV YUMTIVIIVAL VYV I OV/HING GRILASUILAURLL WRIIVA R
mg, 15 mmol). Evaporation of solvents, extraction with CH,Cl,, washing with water and brine,

drying with MgSO, and chromatography yielded the crude product which was recrystallized
from EtOH affording the pure products. For 1d: 2d (55 %), 11 (9 %), 12 (traces). For le: 2e
(‘ra \ 11 (RR o/ﬁ\ 12 (frqr‘r-'-s\

v i

5) Description of the experiments according to equation 3.
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a) Reaction of the carbanion of 2-chloropropionitrile (1j) with 3,5-difluoronitrobenzene: To
a solution of 2-chloropropionitrile (134 mg, 1.5 mmol), and 3,5-DFNB (477 mg, 3 mmoles) in
liquid ammonia at -70 °C +-BuOK (168 mg, 1.5 mmol) was added in one portion. After 1h the

mixture was QUeﬁCﬂcu with NH,Cl, (ou 3 mg, 15 mmol ) nvapOfatlon of smvems extraction with
LHlez, washing with water and brine, drying with MgSO, and chromatography yielded the
crude product which was recrystallized from EtOH affording the pure nitrocompounds: 3,5-
DFNB (47 %), 13 (20 %) and 14 (8 %).

i i
MHz, acetone-dé) 6=1.72-1.79 (:

,.mm) 7.75-7.83 (lH m, Jrn—82 Hz ]Hn—26 Hz JL n=1 9 Hz, Hyom); MS (EI, 70 eV):
m/z=212 (2, M"), 197 (7), 195 (9), 185 (100), 181 (6), 170 (63), 165 (34), 151 (
140 (56), 139 (48), 138 (51), 127 (71), 119 (53), 113 (27), 99 (20), 93 (8), 88 (10), 75 (14), 74
(7), 63 (14), 57 (7), 43 (43); IR (film): v=2249 (CN), 1549 (NO,), 1354 (NO,); Anal. calcd. for
CoHgN,O,F,: C 50.95, H 2.85, N 13.20; Found: C 51.13, H2.82, N 12.96.
2-(2,6-Difluoro-4-nitrophenyl)propionitrile (14). Yield 26 mg (8 %); Oil, 'H NMR (200
MHz, acetone-dg): 6=1.69-1.76 (3H, d, Ji.=7.2 Hz, CHjy), 4.58-4.72 [iH, qt, Juu=7.3 Hz J%.
g=1.3 Hz, -CH(CN)CH;], 7.98-8.11 (2H, m, AA' part of AA'XX' system, Hgrom ); MS (EI, 70
eV): m/z=212 (100, M%), 197 (47), 195 (10), 182 (12), 166 (19), 165 (11), 151 (14), 150 (8),
17y, 100 (6), 99 (R), 75 (6), 63 {4\ IR (ﬁlm\ v=2250 ((‘ ),

( 00 (6), ¢
A2 2 A7 2 Mg VY e T
C

i

()‘

1I¥ Y OCL
n Z2.65,

q
o
7

CD”

17 Y. T
13.20; Found

’2!:

2. C 5095,
b) Reactlon of the carbanion of 2-chloropropionitrile (1j) with 3,5-DFNB and KMnOy,: To a
solution of 2-chloropropionitrile (134 mg, 1.5 mmol), and 3,5-DFNB (477 mg, 3 mmoles) in
liquid ammonia at -70 °C ~BuOK (168 mg, 1.5 mmol) was added in one portion. The reaction
mixture was stirred for 1 min after which time KMnQy (237 mg, 1.5 mmol) was added in one
portion. After further 15 min the mixture was quenched with NH4Cl, (803 mg, 15 mmol).

Evaporation of solvents, extraction with CH,Cl,, washing with water and brine, drying with
MeaSO, and ch}'nma,t{)(rraphy y}v]r]pr] 3 5-DFNR (')')ﬂ mo 46 0/,.\ and the mixture of 18 and 14

A AT IR P et I A E iiig, TV AEIRN

raray: Vi 1

(43 mg). The mixture was analysed by GC/Ms using biphenyl as internal standard:
2°,4’-Difluoro-6’-nitroacetophenone (15). Yield 12 %; 'H NMR (200 MHz, acetone-ds):
8=2.62 (3H, d, Jr.y=2.0 Hz, Me), 7.65-7.75 (1H, m, Jy.u=8.4 Hz Jy.p=2.4 Hz, Hyom ), 7.89-7.97

(1, m, Jr;=8.4 Hz Juy=2.4 Hz Jr1=1.7 Hz, Huon ): GC/MQ m/z=201 (2, M"), 186 (100), 170
\LRAy 23ky U o] O 12l e - F-H AdrOITL. /9 \& e

FIN TED 73Ny 1TAN 7MY 170 /2y 119D /21N /I Q1 /AN £O /A £7 MDY A FELEN

[l), 107 \J), 149 tLL), 140 \J), llé.\)l), lUU(’) ol I\‘-}}, 0\ , VL 7)), 40 \2I).

2°,6’-Difluoro-4’-nitroacetophenone (16). Yield 2 %; 1H NMR (200 MHz, acetone-d;):
$=2.65-2.67 (3H, t, Jr.y=1.4 Hz, Me), 2H, m, AA' part of AA'’XX' system, Hyom ); GC/MS:



8810 M. Mgkosza, K. Staliriski / Tetrahedron 54 (1998) 8797-8810

m/z=201 (15, M*), 186 (100), 170 (2), 156 (18), 140 (52), 128 (13), 112 (22), 100 (3), 93 (3), 81
(5), 68 (4), 62 (8), 43 (47).
IR (film) of the mixture: v=3104, 2925, 1720, 1547, 1362.

6) Reaction of the carbanion of 2-chloropropionitrile (1j) with PhCH,Br or PhCHO:

2-Chlorop nitrile (269 mg, 3 mmoles) was added dropwise to a suspension of sodium
amide freshly “remfe" from sodium (69 mg, 3 mmoles) in liquid ammonia (ca. 35 mL) at -75 °C.
revt

The reaction mixture was stirred for 2 min after which time benzyi bromide (513 mg, 3 mmoles)
or benzaldehyde (318 mg, 3 mmoles) was added in one portion. After a further 2 min the mixture
was quenched with NH,Cl, ammonia evaporated and the residue analysed by GC/MS using

biphenyl as an internal standard:

Apasvalya QO Q22 LANVILGS w‘w.-““l“.

For PhCH,Br: PhCH,NH, (52 %); (PhCH,)NH (28 %); PhCH,N=CHPh (8 %); MeCH(CI)CN

(0 %); MeC(CH,Ph)CICN (0 %).
For PhCHO: PhCHO (99 %), MecCH(CI)CN (0 %); PhC(O)CMeCN (traces of two isomers).
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