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Abstract

The synthesis of y-disubstituted nitroalkanes using alkenes as starting materials is described. The
synthetic strategy involves a first step of solvomercuration followed by an Sgn1 substitution
reaction in DMSO as solvent under photoinitiation. The target compounds are obtained in good
yields and the factors governing the distribution of substitution products are discussed.
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Introduction

The organic compounds of mercury are known from the middle 1800 and are probably the first
established family of organometallics." Organomercury compounds are usually stable to air,
water and temperature and this contributed to the early development of their chemistry. Among
their synthetic applications, the solvomercuration-demercuration process is one of the most
studied and used method for the selective Markovnikov addition of different nucleophiles to
oleﬁns,2 which leads to the formation of alcohols, ethers, amines, etc.

Organomercury hydrides have a weak Hg-H bond and the mercury hydride method has been
widely used in radical chemistry.’ Organomercury halides does not react with nucleophiles by
polar nucleophilic substitution reactions (C*-Hg’"X), but are easily reduced (-0.6V)* to alkyl
radical (R’), mercury metal and halide ion by electron donors (eq. 1).

ET, e -
RHgX —— R’ + Hg + X (1)
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The ET from the electron donor to the organomercurial is proposed to be dissociative.” The
unimolecular radical nucleophilic substitution reaction, or Sgn1,% is a chain process that has
radical and radical anions as intermediates and has been shown that organomercury halides react
with carbanions by this mechanism.” The main steps of the Sgn1 reaction of organomercury
halides are shown in Scheme 1. This chain process requires an initiation step. In a few systems,
spontaneous electron transfer (ET) from the nucleophile to the substrate has been observed.
When the ET does not occur spontaneously, it can be induced by light stimulation. In the
initiation step (eq. 2) the ET to the substrate (RHgX) gives an alkyl radical (R’) which couples
with the Nu' in the first step of the propagation cycle (eq. 3). The radical anion of the substitution
product (RNu™) transfers the odd electron to the substrate to give the substitution product, RNu,
and the alkyl radical that propagates the chain reaction (eq. 4).

- ET _
RHgX + Nu —— R + Hg+ X + Nu (2)
R + Nuu ——— (RNu)~ (3)

RHgX + (RNu)* RNu + R"+ Hg+ X (4

Scheme 1

Different alkylmercury halides react by the Sgnl mechanism with nitronate salts under
photostimulation in DMSO to give substitution products from low to excellent yields (0-100%).®

Under irradiation, the radical probe 5-hexenylmercury chloride (1) reacts with the lithium
salt of 2-nitropropane anion to give 5-ex0 (2) and 6-endo (3) cyclization products with a ratio 2/3
of 25 (eq. 5).8

O s &y 22 5 ES

1

On the other hand, nitro compounds have been widely used in organic synthesis as key
intermediates or as final synthetic products.’

The easy access to organomercury chlorides through the solvomercuration reaction and the
usefulness of nitroalkyl compounds in organic synthesis induced us to study a new and readily
available method for the synthesis of y-disubstituted nitroalkanes by a sequence of
solvomercuration-Sgn1 reaction using alkenes as starting materials, and anions of nitroalkyl
compounds as nucleophiles (Scheme 2).
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Nu

R, NO;

Scheme 2

Results and Discussion

Styrene reacts with Hg(OAc), in methanol to give 2-methoxy-2-phenyl-ethylmercury acetate (4)
which precipitates as the chloride 5 when aqueous NaCl is added (eq. 6)."

CH50
CH3O NaCI(aq) 3
/=" 4 Hg(OAq), =108 — >_\ (6)
Ph -AcOH PH  HgCl
PH HgOAc 9
5

Organomercurial compound 5 reacts with the potassium salt of nitromethane anion under
photostimulation in DMSO to give 1-(1-methoxy-3-nitropropyl)benzene (7a) in 60% yield (eq.
7, entry 1 in Table 1).

hy CH30

+

5 + K CR1R2N02 (7)

DMSO PN CRyR,NO,
7

6

6a: R1: R2 = H, 6b: R1: H, R2: CH3, 6¢c: R1: R2: CH3, Ta: R]Z Rz = H, Tb: R]Z H, R2: CH3,
Tc: R]Z R2: CH3

With an irradiation time of 180 min and using six folds of the nucleophile, the yield of 7a
increases up to 75% (entry 2 in Table 1). The reaction does not occur in the dark and the
photostimulated reaction is completely inhibited in the presence of a good radical scavenger as
di—tert—butylnitroxide6 (entries 3 and 4 in Table 1). These results indicate that the substitution
reaction proceeds by the Sgn1 mechanism.

As liquid ammonia is one of the best solvents for Sgn1 reactions, since the H abstraction by
radicals is a slow process, we studied the reaction in this solvent. It is known that nitronate anion
does not initiate Sgn1 reactions under irradiation in liquid ammonia due to its low lying HOMO,
however, it reacts efficiently at the coupling step of the propagation cycle due to the low lying
SOMO of the radical anion of the substitution product that is formed. On the other hand, the
enolate anion of acetone initiates the photostimulated reactions in liquid ammonia, but does not
couple with primary alkyl radicals (Entrainment Reagent).'' A mixture of nitromethane anion 6a
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and acetone enolate anion in liquid ammonia react with organomercury chloride 5 under
photostimulation to give disubstituted nitroalkane 7a with excellent yield (entry 5, Table 1).

In order to extend the scope of the reaction, other nitronate anions salts were tested. In the
reaction of 5 with nitroethane anion (6b) the formation of the two different diastereomers of 7b
are anticipated. These two compounds, which are formed in almost the same ratio, have similar
retention time and fragmentation pattern by GC/MS. However, the most volatile one could be
isolated as pure oil by column chromatography, and the '"H NMR decoupling experiments
suggested that it is formed by 1S-3S and 1R-3R pairs of enantiomers (see Experimental Section,
entry 6 in Table 1).

Table 1. Photostimulated reactions of organomercury chlorides with carbanions®

Entry Substrate ~ Nucleophile Product (%)
1° 5 6a 7a (60)
2 5 6a 7a (75)
3¢ 5 6a 7a (0)
44 5 6a 7a (0)
5¢ 5 6a 7a (86)
6 5 6b 7b' (73)
7 5 6¢ Tc (71)
8 8 6a 9% (57)
9 10 6a 11 (30)
10° 10 6a 11 (55)
11 12 6a 13 (74)
12 10 ‘CH,COPh 14 (10)
13" 10 ‘CH,COPh 14 (20)

* Reaction conditions: DMSO, 0.05 M on the substrates and 0.3 M on the nucleophiles,
irradiation time was 180 min, otherwise indicated. All yields were determined by GC using the
internal standard method. ° Nucleophile concentration was 0.15 M and the irradiation time was
120 min. ¢ Dark conditions. ¢ 10 mol% of di-tert-butylnitroxide was added. ¢ In liquid ammonia
with 0.01 M of acetone enolate anion, the substrate concentration was 0.005 M and the
nucleophile was 0.03 M, irradiation time was 150 min. " Mixture of the two diastereomers
formed with a 1:1 ratio. ¢ Mixture of trans and cis isomers (trans/cis: ca. 1.4). " With 1
equivalent of 18-crown-6.

The organomercury compound 5 reacts with 2-nitropropane anion (6¢) to give the expected
substitution product 7¢ with good yield (entry 7 in Table 1).

In the same fashion, trans-2-metoxy-cyclohexylmercury chloride (8) was easily obtained
from cyclohexene.'” Russell found that the reaction of 8 with the lithium salt of 2-nitropropane
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gives the cis-trans mixture of products with a ratio of 1/8. This reaction is slow and very long
time (47 hours) is required, however, substitution products are obtained in poor yields (14.5%).*

We performed the photostimulated reaction of substrate 8 with the potassium salt 6a in only
three hours. This reaction affords the expected mixture of nitroalkanes 9 in 57% yield (eq. 8,

entry 8 in Table 1).

.HgCl CH,NO
1w g (T
OCHs DMSO OCHg
8 9

We obtained a cis/trans ratio of 1/1.4 which agrees with the expected lower selectivity but
higher reactivity from the primary nitromethane anion compared to the tertiary 2-nitropropane
anion.

In order to test the influence of the f-OCHj; group, substrate 10 was prepared from styrene by
reaction with BHs/THF complex in THF followed by mercuration."> Organomercurial 10 reacts
with 6a to give 1-(3-nitropropyl)benzene (11) in 30% yield (eq. 9, entry 9 in Table 1).

hv
+ 68 —Huso /N ©)

PH  HgCl PH  CH,NO,

10 11

Substrate 10 reacts with 6a in liquid ammonia under photostimulation to yield 11 in 55%
(entry 10 in Table 1).

Radical probes have been used to demonstrate the presence of radicals along the propagation
cycle of the Sgn1 mechanism.' In order to trap intermediate radicals, the radical probe 12 was
prepared from 1,5-cyclooctadiene. Conversely, in the reaction of 12 with nucleophile 6a only
uncyclized product 13 was formed in a 74% yield (entry 11 in Table 1) and no 5-exo ring closure
compound could be observed (eq. 10).

.HgCl CH,NO,
O, O
OCH3 OCHj3

12 13

This result indicate that the intermediate radical 12 © couples faster with 6a (eq.11) than the
intramolecular 5-exo cyclization (eq. 12), in agreement with the expected high reactivity of
carbanions derived from nitroalkyl compounds.'®
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L4 CHz(NC)z)T
+ 6a — (11)
OCHs OCHs,
12°¢
12
CHsO% ' ”

In this reaction two different substitution products are formed. The 'H NMR of the mixture

12°¢

of compounds clearly shows the vinylic protons signals, indicating that no cyclization occurred
and that they are probably cis/trans isomers. The most volatile product was isolated by column
chromatography and the 'H NMR suggests that this compound is the cis isomer (See
Experimental Section).

The enolate anions of ketones are probably the most studied nucleophiles in Sgy1 reactions,’
however, substrate 5 does not react with the enolate anion of acetophenone in DMSO or liquid
ammonia under photoinitiation. It is known that 18-crown-6 increases the reactivity of enolate
anion of acetophenone in the Sgyl mechanism.'® No substitution product was formed in the
reaction performed in the presence of 18-crown-6, or acetone enolate anion and only small
amounts of styrene were detected by GC/MS.

Acetophenone enolate anion reacts with substrate 10 which lacks the B—OCHj3; group, to give
1,4-diphenylbutan-1-one (14) in 10% yield (eq. 13, entry 12 in Table 1). The ketone 14 is
obtained in a 20% yield when the reaction is performed with 1 equivalent of 18-crown-6 (entry
13 in Table 1).

- hv
/ N\ 13
10 + CH,COPh 90 PH CH,COPh (13)

14

These results suggest that the B~-OCHj3 plays a central role in the reaction of substrate 5 with
acetophenone enolate anion.

The fragmentation of the C-O bond in radical anions of diphenyl and phenyl alkyl ethers is a
well recognized process that had theoretically and experimentally been studied. The reaction is
seen as the intramolecular ET from n* MO to the 6* C-O MO bond followed by homolytic or
heterolytic fragmentation.'’

Nitromethane anion 6a is a low lying HOMO nucleophile that, when coupling with
intermediate radical 5 * , gives radical anion 7a © which has a low lying SOMO which is mainly
located on the nitro group. Probably, this fact prevents fragmentation of the intermediate radical
anion 7a . ET from 7a * to the substrate propagates the chain reaction (eq. 14). On the other
hand, coupling of radical 5 - with acetophenone enolate ion would afford radical anion 15 * that
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may fragment to give radical 16 - which can not propagate the chain reaction (termination step)
and the substitution product is not formed (eq. 15).

CH30 CH3Q
* + fa —> _ —>ET 7a (14)
Ph/\ Ph (NO,)"
5. 7a~
CH30 - CH30
5 + CH,COPh —= >—\‘ _ /°—\_ (15)
PH (COPh)* Ph COPh
15+ 16

In summary, in this work we present a simple and readily available method for the synthesis
of y-disubstituted nitroalkyl compounds using alkenes as starting materials. The Sgn1 mechanism
accounts for the substitution reactions and the products are obtained in good yields. More work is
in progress in order to extend the scope of this new synthetic strategy.

Experimental Section

General Procedures. The internal standard method was used for all quantitative GC analyses
with authentic samples and HP-1 (30 m x 0.32 mm) column. '"H NMR (200.13 MHz) and "*C
NMR (50.32 MHz) were conducted in deuteriochloroform as a solvent otherwise indicated, and
referenced with residual solvent signal. Coupling constants (J) are given in Hertz. GC/MS
analyses were carried out on a Shimadzu QP-5050 apparatus coupled with a mass selective
detector and a DB-5 (30 m x 0.25 mm ID) capillary column. High resolution mass spectra were
performed at the Mass Spectrometry Facility of the University of California, Riverside, United
States.

Materials. In radial thin layer chromatography purifications, 2 mm plates (silica gel 60 PF 3s4)
were used. DMSO was distilled under vacuum and stored over molecular sieves (4 A). Acetone,
acetophenone, styrene, cyclohexene, 1,5-cycloctadiene, nitromethane, nitroethane, and 2-
nitropropane were doubly distilled and stored over molecular sieves (4A). In all purifications
analytical grade solvents were employed and used as received from the suppliers.

Substrates

2-Methoxy-2-phenylethylmercury chloride (5). This compound was prepared as previously
indicated' (pf: 71.2-72°C. Lit'": 67-70°C).

trans-2-Methoxy-ciclohexylmercury chloride (8). This compound was prepared as previously
indicated'? (pf: 113-115°C. Lit'*: 114-115°C).
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2-Phenylethylmercury chloride (10). This substrate was prepared by a reported method" (pf:
165.5-166°C. Lit: 165.5-166°C").

8-Methoxycyclooct-4-enyl-mercury chloride (12). This compound was prepared following a
procedure previously indicated,'® but switching acetate to chloride ion by adding aqueous
sodium chloride (pf: 44-46°C).

Srn1 Reactions in DMSO as solvent. In a previously flame dried three necked 25 mL round
bottomed flask equipped with a magnetic stirrer were added 10 mL of DMSO under nitrogen.
The solvent was degassed with vacuum and then t-BuOK and the conjugated acids of the
nucleophiles were added. After 10 min of waiting for the nucleophiles formation, solid
organomercury compounds were added. The reactions were irradiated using two medium
pressure mercury lamps (Amax: 400 nm) for the times indicated in Table 1. After irradiation, the
reactions were quenched by adding ammonium nitrate and water in excess. The aqueous phase
was extracted thrice with dichloromethane (50 mL) and the organic phase was washed with
water and dried with magnesium sulfate. The solvent was removed under reduced pressure and
the products were purified as indicated. When the reactions were performed with quantitative
purposes, an adequate internal standard was added previous to the extraction with
dichloromethane.

Reactions of in liquid ammonia. The reaction of 6a with § is representative: In a previously
flame dried three necked 250 mL round bottomed flask equipped with a cold finger condenser
charged with ethanol, a nitrogen inlet and a magnetic stirrer were distilled 200 mL of sodium
dried liquid ammonia. t-BuOK (8.8 mmol) was added and then nitromethane (6.0 mmol) and
acetone (2.0 mmol) waiting 10 min for the nucleophile and entrainment formation.
Organomercury compound 5 was added and the reaction irradiated 150 min with two medium
pressure mercury lamps (Amax: 400 nm) and quenched by adding ammonium nitrate in excess.
After solvent evaporation, water was added (50 mL), and the work up was similar to previously
indicated.

1-(1-Methoxy-3-nitropropyl)benzene (7a). Slightly yellow liquid purified by radial thin layer
chromatography using dichloromethane-hexane mixture as solvent. 'H RMN: 2.35 (q, 2H °J:
6.85 Hz), 3.21 (s, 3H), 4.23 (t, 1H, J: 6.85 Hz), 4.34-4.65 (m, 2H), 7.25-7.36 (m, 5H). "*C
RMN: 35.47; 56.76; 72.28; 80.20; 126.32; 128.16; 128.69; 140.31. GC/MS EI, m/z (%): 51 (18);
77 (40); 91(33); 105 (21); 115 (12); 121 (100); 149 (3, M'-NO,). HRMS (CI/NH3) calc for
C10H17N203, 213.1239 found, 213.1243.

1-(1-Methoxy-3-nitrobutyl)benzene (7b). Slightly yellow liquid purified by radial thin layer
chromatography using dichloromethane-hexane mixture as solvent. 'H RMN: 1.56 (d, 3H, *J:
6.94 Hz); 2.00 (dq, 1H, *J: 3.3, 10.2, Jeem: 15.7 Hz); 2. 31 (dq, 1H, *J: 2.92, 10.2, Jgem: 15.7 Hz);
3.20 (s, 3H); 4.10 (dd, 1H, *J: 2.92, 10.2 Hz); 4.90-5.06 (m, 1H), 7.22-7.33 (m, 5 H). °C RMN:
20.02; 43.82; 56.94; 79.91; 80.45; 126.24; 128.04; 129.69; 140.74. GC/MS EI, m/z (%): 51 (16);
59 (21); 77 (23); 91 (22); 105 (18); 121 (100); 137 (11); 163 (1, M"-NO,)."**°
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The other diastereomer was not obtained pure, but it was quantified assuming identical response
as 7b in the FID of the GC, GC/MS EIL, m/z (%): 51 (15); 59 (13); 77 (21); 91 (18); 105 (13); 121
(100); 137 (7); 163 (1) (M"-NOy).

1-(1-Methoxy-3-methyl-3-nitrobutyl)benzene (7c). Slightly yellow liquid purified by radial
thin layer chromatography using dichloromethane-hexane mixture as solvent. 'H RMN: 1.63 (s,
6H); 2.06 (dd, 1H, *J: 2.56, Jgem:15.16 Hz); 2.46 (dd, 1H, *J: 9.86, Jgem: 15.16 Hz); 3.09 (s, 3H),
4.16 (dd, 1H, *J: 2.56, 9.86 Hz), 7.22-7.33 (m, 5H). °C RMN: 26.17; 26.76; 48.59; 56.43; 80.29;
86.95; 126.32; 127.94; 128.61; 141.39. GC/MS EIL m/z (%): 41 (11); 73 (27); 77 (28); 91 (21);
105 (17); 121 (100); 137 (13); 176 (2, M-HNO,).”!

trans 1-Methoxy-2-(nitromethyl)cyclohexane (9). Slightly yellow liquid purified by radial thin
layer chromatography using dichloromethane-hexane mixture as solvent. '"H RMN: 0.84-1.25 (m,
6H); 1.66-1.84 (m, 2H); 2.11-2.23 (m, 1H); 2.91 (td, 1H, *J: 4.02; 9.86 Hz); 3.32 (s, 3H); 4.28
(dd, 1H, *J: 7.85, Jgem: 11.87 Hz); 4.65 (dd, 1H, *J: 4.93, Jgem: 11.87 Hz) °C RMN: 24.17; 24.87;
28.59; 30.18; 42.64; 55.98; 78.64; 80.53. GC/MS EI, m/z (%): 41 (81); 45 (100); 55 (43); 67
(37); 71 (17); 95 (66); 127 (2, M"-NO,). HRMS (CI/NH3) calc for CsH;oN,O3, 191.1396 found,
191.1403.

cis 1-Methoxy-2-(nitromethyl)cyclohexane (9). This compound was not obtained pure, but it
was quantified assuming identical response as the trans isomer in the FID of the GC. GC/MS EI,
m/z (%): 41 (69); 45 (100); 55 (44); 67 (31); 71 (16); 95 (60); 127 (2, M"-NO,).
1-(3-Nitropropyl)benzene. This compound was identified by an Spike test using an authentic
sample prepared as previously reported.”

Ccis 5-Methoxy-6-(nitromethyl)cyclooct-1-ene (13). Slightly yellow liquid purified by radial
thin layer chromatography using dichloromethane-hexane mixture as solvent. 'H RMN: 1.26-
1.48 (m, 2H); 1.58-2.14 (m, 5H); 2.37-3.77 (m, 3H); 3.42 (s, 3H); 3.39 (ddd, 1H, Jax-ax: 7.3, Jax-
eq: 4.02, Juxeq: 1.46 Hz); 4.26 (dd, 1H, Jgem: 12.4, *J: 6.40 Hz); 4.48 (dd, 1H, Jgem: 12.4, *J: 8.03
Hz); 5.66 (m, 2H). °C RMN: 22.13; 24.12; 27.52; 30.16; 39.11; 57.14; 79.88; 80.29; 128.61;
130.71. GC/MS EI, m/z (%): 41 (100); 43 (26); 45 (30); 53 (19); 58 (10); 67 (72); 71 (15); 77
(14); 79 (48); 81 (12); 91 (24); 93 (30); 153 (5, M"-NO,). HRMS (CI/NH3) calc for C;oHy N,Os,
217.1552 found, 217.1550.**

trans 5-Methoxy-6-(nitromethyl)cyclooct-1-ene (13). This compound was not obtained pure,
but was quantified assuming identical response as the cis isomer in the FID of the GC. GC/MS
EL, m/z (%): 41 (100); 43 (27); 45 (32); 53 (20); 55 (38); 71 (13); 79 (46); 81 (13); 85 (14); 93
(28); 95 (12); 153 (16, M"-NOy).

1,4-Diphenylbutan-1-one (14). This compound was identified using an authentic sample
prepared as previously indicated.”
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