TETRAHEDRON

™.

Tetrahedron 54 (1998) 6811-6816

Pergamon
Raoantinng nf Nitracalinvhieo Aldahwvdac with Chlavramathyl Talyl Qulfama
NCALUIVNS U1 (NI USaILUYIIC AUy ucs wiul Lilioironmiculys 1 O1yr SUnonce
Aminnmn Qunthacic nf ) Hudunvwvdihydenhanaanfirrano
LANEIUR—. D JYRLIIUVDIIY Ul 41 YUl UJ‘J uUlililyui CIILULIUL 1.
). Y CORPUEIN PR Y N TR Y, o D IR L T s W
IVIIECZYS1aw IVIdKO0SZa, 1aacusz LlUDrOWblu, Aﬂﬂr ] Awast
Institute of Organic Chemistry, Polish Academy of Sciences, ul. Kasprzaka 44, PL 01-224 Warsaw, Polan

12titb ol =tk IIatl Y, a v Yvdiaaw, TTOlallc.

Received 10 February 1998; revised 15 April 1998; accepted 20 April 1998

Abstract: Vicarious nucleophilic substitution of hydrogen (VNS) with chloromethyl tolyl sulfone carbanion

does not occur in 3-, 4- and ‘i-nltrneqlmvlﬂld@hvdpc Instead. nucleonhilic addition to the r'nrhnnvl group

QUCS QL v oalul o VaanlyiaiuOn YQs s, atans, nulaCOopiinl aldinil 110 Lal JUL evup

takes place leading to 2- hydmxydlhydrobenco furans. The same reaction course is observed for other salicyl
aldehyde derivatives. © 1998 Elsevier Science Ltd. All rights reserved.

Substituents in nitroaromatic rings exert a strong effect on the rate and orientation of the vicarious nucleophilic

clectrondonating groups were conjugated with the nitro group in such nitroarenes as dinitrophenols,’

ac

d
dinitroanilines’ and 2-alkoxy-5-nitropyridines.*’ Due to conjugation of the negative charge in 2,4-dinitrophenolate
anion nt
into account the resonance structures on scheme 1.2

One can expect that a similar effect should operate in nitrophenolate

) o anions containing other strongly electron-withdrawing substituents, such

h NG, ﬁl\ TNOZ as carbonyl group. Moreover, conjugation of the negatively charged

A = phenolate function with this group could decrease its electrophilic activity

NO, & N02 & towards nucleophiles and thus decelerate competing nucleophilic
Scheme | addition to the carbonyl group.

To test this hypothesis we have studied reactions of 4-, 5- and 6-nitrosalicyl aldehydes 1a,b,¢ with carbanions
of chloromethyl tolyl sulfone 2. When the reaction was carried out in the presence of ter/-BuOK in DMF at -40°C,
standard work-up procedure gave substituted nitro-2,3-dihydrobenzofurans 3a,b,¢, which obviously were produced
not via VNS of hydrogen in the aromatic ring, but via addition of the carbanion to the carbonyl group of the
aldehyde (scheme 2).

The highest reactivity of the carbonyl group and the yield of 3 was found for 1b where the nitro group is
conjugated with the phenolate anion. The same reaction course was however aiso observed for 1a and 1c, where

the negative charge is not conjugated with the nitro group, being in meta position, but only with the carbonyl
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Scheme 2

The structures of products 3a-d were established on the basis of 'H, *C NMR, and MS spectra as well as their

chemical properties. The products are found to possess two “acidic” protons which even under practically neutral
1. The exchange of the hydroxylic proton

onditions (D,O/acetone) are exchanged for deuteri

---------- A2 ne)

occurred

immediately, whereas exchange of the second proton needed a few days at room temperature for completion.
This observation can be explained by an equilibrium between hemiacetal 3 and aldehyde 4. The latter, being a

very strong, readily enolisable CH-acid seems to be susceptible to the H/D exchange under these conditions

Extensive spectral examinations including DEPT, INEPT and “C/'H correlations allow assignation of chemical
shifts values to particular carbon and hydrogen atoms. Additionally, for one example (3b) the X-ray method was
applied and the obtained results fully confirmed the supposed structure, proving the (rans configuration of the
dihydrofurane ring substituents.

The mechanism of this reaction was not examined, but the possible pathway, given in scheme 3 seems to be
reasonable. a,B-Epoxysulfones are known to undergo spontaneous rearrangement to carbonyl compounds with the
sulfone group migration, often followed by decarbonylation.*”* Since the phenolate function is present in position
ortho to the newly formed aldehyde group rapid formation of the hemiacetal ring prevents the decarbonylation.

The role of the phenolate group may also be important on the epoxide rearrangement step, facilitating formation

OH 0 _~__OH ~__0_,OH
rE T scnoms — > Rf Y — Rﬁi T O — R—( I
| ’T
0 o Ts s s
4 3
Scheme 3

of the benzylic carbocations in the course of the ring opening process.” The fact, that contrary to 1¢, 4-nitro-

benzaldehyde (5) reacts with 2 giving two products 6 and 7 in ratio 1:1.5 under the same reaction conditions

supports this supposition (scheme 4).
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Only product 6 is apparently formed via
CHO Ts O ™Ts analogous epoxide rearrangement and
/K tert-BuOK )/\ N subsequent deformylation process. Formation
L\YJ v 2 DMF -40°C L\J i L\TJ of 7, reported earlier without any
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explanation® can be considered as a resuit of

N

the alternative base-promoted rearrangement
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Scheme 4 of the intermediate oxirane which proceeds

Thus our supposition, that conjugation of the formyl group with highly electrodonating phenolate anion should

RSN et

decrease its electrophilic reactivity sufficien

o

confirmed. Nevertheless, the described reaction may be of some interest as a simple and interesting route to

substituted derivatives of 2,3-dihydrobenzofuran-2-ol.

EXPERIMENTAL

and Brucker AM 500 (500 MHz) instruments. Chemical shifts are expressed in ppm referred to TMS, coupling
constants in hertz. INEPT spectra were recorded on a Bruker AM 500 apparatus using a program SPT INEPT,

z. Mass spectra were obtained on a AMD-604 spectrometer. Silica gel Merck 60 70-230 mesh was used
for column chromatography.
6-Nitro- and 4-nitrosalicylaldehydes were prepared as described earlier.'' Remaining materials were commercial

ed over CaH and distilled, ¢ ial fert-BuOK was used

other sources'. DMF was dri

after sublimation.

Reactions of nitrosalicylaldehydes with sulfone 2:
The reaction procedure varied from aldehyde to aldehyde as they differ in their reactivity, and stability of the
sulfone carbanion under the applied conditions is limited. The common work-up procedure was as follows: the
reaction mixture was poured into acidified water and extracted with ethyl acetate. The combined extracts were
washed with water, dried with MgSO, and the solvent was evaporated. The products were separated using column
chromatography.
6-Nitro-3-(toluene-4-sulfonyl)-2,3-dihydrobenzofuran-2-ol (3a): To astirred solution of tert-BuOK (0.6 mmol,

70 mg) in DMF (1 ml) at -40°C a mixture of the aldehyde (0.15 mmol, 25 mg) and sulfone 2 (0.3 mmol, 60 mg)

T We are grateful to Dr M. Golinski for a sample of 4-butyl-3,5-dichlorosalicylaldehyde.
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in DMF (1 ml) was added and the reaction was carried on for 20 min. Hexane/AcOEt mixture was used as eluent

a1 N v & A ATy ZnoM

for column chromatography. 3a: mp 194-8°C (Hexane/AcOEt);"H NMR (500 MHz,-50°C,acetone d): 2.42 (s,
3H), 5.41 (s, 1H), 6.32(d, J=6.0, 1H), 7.23 (d, J=8.1,1H), 7.44-7.46 (,LAA’XX’, 2H), 7.58-7.60 (LAA XX, 2H),
7.66 (dd, J=8.1, 8.2, 1H), 7.77 (d, J=8.2, 1H), 8.06 (d, J=6.0, 1H). The low-temperature conditions allowed

observation of a sharp OH signal and its vicinal coupling constant. MS: 335 (M", 2), 317 (2), 296 (0.5), 257 (0.5),
267 (0.3), 250 (0.4), 236 (0.5), 210 (2), 180 (100), 163 (70), 156 (38), 152 (9), 139 (22), 134 (23), 133 (17), 121
(6), 107 (15), 92 (44), 91 (48), 77 (22), 65 (28), 51 (13). HRMS: 335.045981, calc. for C,;H,;NOS: 335.046354

3-Nitro-3-(toluene-4-sulfonyl)-2, 3-dihydrobenzofuran-2-ol (3b): To a stirred solution of fert-BuOK (5 mmol

in DMF (2 ml) was added. After 20 min an additional amount of 2 (0.1 mmol, 20 mg) was added and the reaction
ne rantinnad far 20 min Chlarafnrm wag nieed ac sliant for cnliimn chramatnoranhy 2he mn 174 A_1780
was CONUNUCA 10 U min. LiiOTGIOMIIn Was UsCd ds Ciuliin 107 COUMN CifidMaograpay. 5ol Mp 1 /4.03-1/75 U

(chloroform); "H NMR (200 MHz, acetone d;): 2.43 (s, 3H), 5.05 (dd, J=2.2, 1.0, 1H), 6.42 (dd, J=6.0, 1.8, 1H),
6.97 (d, J=8.9, 1H), 7.40 (d, J=6.0, 1H), 7.41-7.45 (AAA’XX, 2H), 7.68-7.73 (.AA’XX’, 2H), 8.1 (dd, J=2.5,
0.9, 1H), 8.26 (dd, J=8.9, 2.5, 1H). MS: 335 (M", 4), 317 (7), 300 (1), 225 (1), 194 (2), 180 (100), 163 (8), 156
(13), 152 (15), 139 (14), 134 (44), 121 (2), 106 (9), 91 (34), 78 (12), 65 (15), 51 (7). HRMS: 335.048298, calc.
tor C,sH,;NO,S: 335.046354. X-Ray crystallographic data are deposited at the Cambridge Crystallographic Data
Centre.

4-Nitro-3-(toluene-4-suifonyi)-2, 3-dihydrobenzofuran-2-oi (3¢): To a stirred soiution of fert-BuOK (0.24 mmoi,
27 mg) in DMF (1 ml) at -40°C a mixture of the aldehyde (0.06 mmol, 10 mg) and sulfone 2 (0.12 mmol, 24 mg)
in DMF (1 ml) was added dropwise and the reaction was continued for 60 min. Hexane/AcOEt mixture was used
as eluent for column chromatography. 3e¢: oil. 'H NMR (500 MHz, CDCL,): 2.45 (s, 3H), 4.76 (s, 1H), 6.34 (d,
J=1.4, 1H), 7.29-7.31 ("2AA’XX’, 2H), 7.48 (d, J=8.3, 1H), 7.54-7.56 (".AA’XX", 2H), 7.57 (d, J=2.0, 1H), 7.89
(dd, J=8.3, 2.0, 1H). MS: 335 (M", 8), 317 (85), 307 (6), 301 (1), 287 (3), 271 (2), 253 (2), 223 (2), 210 (12),
180 (65), 163 (12), 156 (35), 152 (42), 139 (75), 134 (25), 122 (10), 107 (45), 91 (100), 77 (40), 65 (55), 51 (20).
HRMS: 335.045981, calc. for C;H;3NO,S: 335.046354.

3-(1 b/uene—4—sulfony -2,3-di hydrobenzofw an-2-ol (3d): To a stirred solution of tert-BuOK (15 mmol, 1680

(4 mmol, 819 mg) in DMF (2 ml) was added dropwise for 30 min and the reaction was continued for an additional

15 min. A Hexane/AcOEt mixture was used as eluent for column chromatography. 3d: oil. '"H NMR (200 MHz,

P S 7 T Py A wul)_ D 2_Adila
Ury-o-(iviucric- ‘r-auyunyt/-.c,.)-uuty

BuOK (4 mmol, 448 mg) in DMF (3 ml) at -40°C a mixture of the aldehyde (1 mmol, 247 mg) and sulfone 2 (1
mmol, 205 mg) in DMF (2 ml) was added. After 20 min an additional amount of 2 (0.25 mmol, 51 mg) was added
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and the reaction was continued for 30 min. Hexane/AcOEt mixture was used as eluent for column
chromatography. 3e: mp 145-6°C (hexane/AcOEt). 'H NMR (500 MHz, CDCl,): 0.95 (t, J=7.2, 3H), 1.37-1.52
(m, 4H), 2.40 (s, 3H), 2.84 (t, J=7.8, 2H), 4.73 (s, 1H), 5.1 (bs, 1H), 6.30 (s, 1H), 7.15 (d, J=0.7, 1H), 7.24-7.26
(LAA'XX, 2H), 7.52-7.54 (HAA’XX’, 2H). MS: 414 (M", 4), 396 (1), 353 (4), 297 (3), 259 (100), 245 (12)

To a stirred solution of tert-BuOK (5 mmol, 560 mg) in DMF (5 ml) at -40°C a mixture of the aldehyde

3

(1 mmol, 151 mg) and sulfone 2 (1 mmol, 205 mg) in DMF (1 ml) was added dropwise and the reaction was
caontinued for 10 min Renzena/CHCL/CH._Cl. mixture was nuced ag eluent for coluimn chromatooranhvy
(VAU INSSECIVISOU AV NP VA SS ISV PRD B L) OV Mg § L0 W9 3 1\/13! A 12\"-2 ALALALWLY YT WD UOWM UY Wilwildy AVLI wWEilliLa Vluvlll“bvs‘“yll’

4-Nitrobenzyl tolyl sulfone (6): mp 193-5°C (CHCl,/acetone) (lit'? mp 189-190°C, acetone). 'H NMR (200
MHz, CDCl,): 2.44 (s, 3H), 4.39 (s, 2H), 7.26-7.32 (AAA’XX’, 4H), 7.52-7.56 (2AA’XX’, 2H), 8.12-8.16
(LAA’XX’, 2H). 3C NMR (50MHz, CDCL,): 21.2,61.6, 1232, 128.1, 129.5, 131.5, 134.4, 135.4, 145.0, 147.7.
MS: 291 (M, 32), 227 (4), 200 (7), 165 (6), 155 (100), 139 (4), 136 (57), 120 (4), 106 (39), 91 (74), 78 (21), 65
(17), 51 (4). HRMS: 291.057058, calc. for C,,H,,;NO,S: 291.056526.

4-Nitrobenzoilmethyl tosyl sulfone (7): mp 151-2°C (hexane/AcOEt) (lit" mp 145°C). 'H NMR (200 MHz,
CDCl,): 2.47 (s, 3H), 4.75 (s, 2H), 7.35-7.3
2H), 8.30-8.36 (LAA'XX’, 2H). "C NM

8.

135.31, 139.92, 145.86, 150.81, 186.9

s rYre AY - -. FrYrT ATTN O ~rer

9 (LAA’XX’,2H), 7.73-7.77 (2AA'XX’, 2H), 8.13-8.18 (RAA XX,
R (50 MHz, CDClL,): 21.72, 64.08, 123.94, 128.48, 130.01, 130.47,
MS: 319 (M7, 4), 255 (100), 240 (10), 155 (44), 150 (65), 139 (4), 120

Ty

7 - AND F1 1N 1N A SN oS BV & Az AY e F NS4 F4vra s XY O, 10y NE1 0 A7T <1 LM AT O N1 NE1 AAA
(7), 108 (11), 104 (9), 91 (67), 76 (5), 65 (12). HRMS: 319.051647, calc. tor C,;;H;;NO,S: 319.051444.

Table 2.
“C NMR Chemical shifts for the bicyclic system of 3a-e:

3 Solvent C2 C3 C4 (O8] C6 c7 Cc8 (&Y

a acetone 1027 743 1483 117.7° 1334 117.1° 1622 1142
8
Rm b acetone 103.8 732 1237 1429 1286 1111 1653 1212
5 & 3
Ty TIs ¢ acetone 1027 79  126.9° 130.7° 150.7 1282 160.8 1269

d CHCl, 1003 742 1267 121.8 1313 110.6 1592 1178

741 1251 127 1415 1166 1546 1172
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