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Table I
‘ isolated
substrate product yield,® %
OH 0 84
1 o
2
OH o 57
3 0
4
0H 0 52
7-Bu~ i ~#-Bu #-Bu~ i . #-Bu
5 0
6
OH 0 59
7 o
8
oH 0 46
f /-Pr i A -Pr
9 0
10
oH o 30
11
12

¢ All compounds were characterized by comparison of
their physical and spectral properties with literature
values.

we have adopted is a modified two-phase Jones oxidation
procedure (ether/aqueous chromic acid) which enables us
to routinely prepare 3060 g of alkyl quinones in a one-pot
reaction. Although the yields obtained range from modest
to very good (see Table I), the process itself is quite simple
to carry out and far less expensive than the previously
discussed procedures. The bonus associated with this
method is that quinones of reasonably high purity are
virtually always obtained by simple extraction procedures;
i.e., chromatographic purifications are rarely required.

This method does not work well with 2-methoxyphenol,
presumably due to competitive o-quinone formation and
subsequent polymerization.

Experimental Section

General Methods. Melting points were determined with a
Thomas-Hoover Uni-Melt capillary melting point apparatus.
Infrared spectra were determined with Perkin-Elmer Model 257,
457, and 727 spectrophotometers. Nuclear magnetic resonance
spectra were recorded by using Varian T-60, EM-360, and EM-390
spectrometers, and chemical shifts are reported in parts per million
() relative to an internal tetramethylsilane reference. Nominal
mass spectra were recorded by using a Finnigan 4000 GC/MS
system and a Varian Associates M-66 spectrometer.

General Procedure for the Conversion of Phenols to
Quinones. This procedure will be illustrated by using 2,6-di-
methylphenol. The other phenol oxidations listed in Table I can
be accomplished by using exactly the same procedure. 2,6-Di-
methylphenol (30 g, 0.25 mol) was dissolved in 350 mL of ether

and placed in a 2-L round-bottomed flask fitted with an overhead
stirrer and an addition funnel. The reaction vessel was immersed
in an ice-water bath, and the addition funnel was charged with
Jones reagent, produced from Na,Cr,0-2H,0 (165 g, 0.5534 mol),
105 mL of 96% H,S0,, and 235 mL of Hy0. Addition required
approximately 2.5 h. After the addition, the reaction mixture was
allowed to stir for at least 24 h. The reaction mixture was washed
with ether (4 X 200 mL), and the combined ether extracts were
washed with saturated NaHCOj solution (2 X 100 mL) and with
water (200 mL). The ether layer was dried over MgSO, and
concentrated in vacuo to yield 2,6-dimethylbenzoquinone: 28.1
g (84%); mp 44-46 °C (lit. mp 45-47 °C); '"H NMR (CDCl;) 6.55
(s, 2), 2.00 (s, 6); mass spectrum, m/e 136.
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The use of hexamethylphosphoramide (HMPA) to effect
N,N-dimethylation of an aromatic substrate via aromatic
nucleophilic substitution has captured the interest of
several groups of workers.!* For example, the reaction
of HMPA with substituted nitro-1? and cyanobenzenes!?
and the reaction of HMPA with several activated halo-
heteroaryl compounds* have been reported. Because of
the synthetic usefulness demonstrated by these various
reports, we have extended our investigation! of the aro-
matic nucleophilic substitution reaction of HMPA and
report here our findings of the effect of various aryl and
heteroaryl activating groups as well as the effect of various
leaving groups. The activated aryl and heteroaryl sub-
strates that we have studied to date are reported in Tables
I and II, respectively.

As indicated in entries a—h in Table I, the nitro and
cyano groups are very effective in activating the benzene
ring toward reaction with HMPA. Ortho or para substi-
tution appears to be necessary to make such transforma-
tions synthetically useful. Electron-releasing groups appear
to deactivate this reaction as exemplified by the higher
reaction temperature and longer reaction time required for
the conversion of 1-chloro-4-methyl-2-nitrobenzene (entry
e, Table I) to 2-nitro-4-methyl-N,N-dimethylaniline.

Another group that effects such a transformation is the
trifluoromethyl (entry i, Table I), albeit in low yield. The
reaction is, however, very clean and the starting material
can be easily separated from the product by acid extrac-

(1) Idoux, J.; Gupton, J.; Colon, C. Synth. Commun. 1982, 12, 907.
Presented in part at the Southeastern Regional American Chemical So-
ciety Meeting, Birmingham, AL, Nov 1982.

(2) Ishikawa, N.; Kuroda, K. Chem. Abstr. 1968, 68, 114192y. Ishi-
kawa, N. Ibid. 1971, 75, 63381u.

(3) Pedersen, E. B.; Perregard, J.; Lawesson, S, O. Tetrahedron 1973,
29, 4211.

(4) Ohta, A.; Tokahashi, N.; Ohwada, T.; Matsunaga, M.; Akita, Y.
Chem. Pharm. Bull. 1978, 26, 1322.
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Notes

Table I. Reaction of Aryl Halides with HMPA?
X X
Y>F’hCl + HMPA — Y>PhN(CH3)2
la-n 2a-n
retn
entry X Y temp, °C  time, h % yield bp or mp, °C (ref)

a 2-CN 4-NO, 150 24 94 110-111 (110) (13)

b 2-NO, H 150 20 68 78-92 (0.08 mm)
[85(0.08 mm)] (14)

¢ 3-NO, H 200 5 15

d 4-NO, H 150 24 84 168-170 (165) (15)

e 2-NO, 4-CH, 200 48 62 85-88 (0.08 mm)
[85 (0.08 mm)] (16)

f 2-CN H 200 48 64 58-65 (0.06 mm)
{54 (0.06 mm)] (17)

g 3-CN H 180 48 trace

h 4-CN H 200 48 84 80-81 (76) (18)

i 4-CF, H 200 40 17 73-74 (70) (19)

i 4-(4-C1PhS0,) H 200 12 63 179-180

k 4-COOH H 200 6 73 59-60 (59) (20)

1 4-COPh H 150 40

m 4-COCH, H 150 15

n 2-CHO H 150 15

@ All of the product compounds were purified by distillation or recrystallization and were found to be greater than 90%
pure as determined by thin-layer chromatography on silica gel 7GF with chloroform as eluant (R values between 0.2 and

0.8).

tion. Bis(p-chlorophenyl) sulfone (entry j, Table I) also
reacts with HMPA with replacement of a single chlorine
atom. Apparently, the p-dimethylamino group deactivates
the sulfone from further reaction, which further substan-
tiates the effect of lower reactivity for compounds con-
taining an electron releasing group.

p-Chlorobenzoic acid (entry k, Table I) reacts with
HMPA to produce p-chloro-N,N-dimethylbenzamide in
good yield. The conversion of carboxylic acids to amides
via HMPA has been previously reported? in the literature.
This experiment did, however, point out that acid amides
were not suitable activating groups for such a reaction.
Diaryl ketones, aryl alkyl ketones, and aromatic aldehydes
(entries 1-n, Table I) were found to be unsuitable sub-
strates for this reaction, and in these cases a complex
mixture of products was formed. This is consistent with
the findings of Monson® who has shown that aceto-
phenones react with HMPA to give 1,3,5-triphenyl-
benzenes in low yield.

A variety of chlorinated heterocycles (Table II) have
been studied and in all cases replacement of the chloro
group by the dimethylamino group was observed. Pyra-
zines, tetrazoles, thiazoles, and quinolines were sufficiently
reactive to produce a clean substitution. 2-Chloro-4-
methylquinoline (entry r, Table II) is an interesting ex-
ample in light of the previously mentioned deactivating
effect of a methyl group. Apparently, the deactivating
group as well as the activating group has to be either ortho
or para to the leaving group to exert an effect on the re-
activity of the substrate.

To further investigate the nature of this transformation,
we have also studied the effect of various leaving groups
(Table III).

The following relative order of reactivity of the leaving
group was observed: F, NO, >> Cl, Br > I. This same
order of reactivity has been observed by other groups’ for

(5) Kopecky, J.; Smejkal, J. Chem. Ind. 1966, 1529,

(6) Monson, R.; Baraze, R. Tetrahedron 1975, 31, 1145.

(7) Bunnett, J.; Garbisch, E.; Pruitt, K. J. Am. Chem. Soc. 1957, 79,
385. Ross, S. Ibid. 1959, 81, 2113. Reinheimer, J.; Taylor, C.; Rohrbaugh,
P. Ibid. 1961, 83, 835.
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the reaction of amines with 1-halo-2,4-dinitrobenzenes.
The ability to displace a nitro group with a dimethylamino
group is particularly interesting. KornblumS® has previously
shown that activated nitrobenzenes can undergo similar
substitution reactions with anionic nucleophiles.

In all of the reactions studied, irrespective of the nature
of the leaving group or activating group, there was no
indication that regioisomeric substitution products were
being formed. Consequently, on the basis of (1) the nature
and positional requirements of the activating groups and
deactivating groups, (2) the relative reactivity of the leaving
groups, and (3) the lack of regioisomeric products, an SnAr
mechanism® is implicated (Scheme I).

(8) Kornblum, N.; Cheng, L.; Kerber, R.; Kestner, M.; Newton, B.;
Pinnick, H.; Smith, R.; Wade, P. J. Org. Chem. 1976, 41, 1560.

(9) March, J. “Advanced Organic Chemistry”; McGraw-Hill: New
York, 1977; pp 584-595.
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Table II. Reaction of Heteroaryl Halides with HMPA ¢
RCl + HMPA — RN(CHz);
lo-s 20-s
- retn
entry RCl temp, °C time,h % yield bp or mp, °C (ref)
o N CHs 150 15 49 52-53 (1.0 mm) [50 (1 mm)] (21)
o
HaC N cl
P 6hjéﬁ\w 150 15 50 109-111 (110) (22)
I |
Ph
q [::I:%*‘“ 150 15 84 85-88 (87) (23)
s
r CH3 150 15 89 95-97 (0.4 mm) [100 (0.01
mm)] (24)
O
N cl
76 78-81 (71) (24)

s 150 19
CoL
N o]

2 All of the product compounds were purified by distillation or recrystallization and were found to be greater than 90%
pure as determined by thin-layer chromatography onssilica gel 7GF with chloroform as eluant (R; values between 0.2 and

0.8).

Table III. Reaction of Ortho-Substituted Nitrobenzenes
with HMPA (Leaving Group Effect)

NO2 NO2
X NMe;z
+ HMPA —
temp, rectn % total
X °C  time,h % conv® yield? time, h

F 150 5  83(84) 83 15
NO, 150 5  86(93) 66 23
Cl 150 5 40 (41) 68 20
Br 150 5  46(44) 63 36
I 150 5 32 78 36

¢ The percent conversion was determined by working
up the reactions after heating 5 h at 150 °C. The values
not in parentheses are from NMR analysis and the values
in parentheses are from gas chromatographic analysis on a
6 ft X 1/5 in column containing 3% SE-30 on chromosorb
W. In the case of o-iodonitrobenzene a GC analysis is not
reported due to the similar retention times of the
substrate and product. The difference in the GC and
NMR values for the o-dinitrobenzene substrate is
attributed to small amounts of byproducts in this reaction
mixture that were not taken into account in the GC
analysis. ® These are crude yields and all reaction pro-
ducts gave NMR and IR spectra identical with product 2b
in Table I (o-nitro-N,N-dimethylaniline).

On the basis of this postulate, we believe that HMPA
may have some ionic character at elevated temperatures
that in principle is similar to the behavior of the tris-
aminomethanes!® (Scheme II).

There may, however, be other equally viable mechanisms
to explain such a process.

In conclusion, HMPA offers a clean, simple, and efficient
method for the conversion of activated aryl or heteroaryl
halides to the corresponding dimethylamino derivative.

When conducting reactions in HMPA at elevated tem-
peratures, one should, therefore, be aware of potential
reactions with the solvent.

(10) Bohme, H.; Viehe, H. “Iminium Salts in Organic Chemistry”, Part
2; Wiley: New York, 1979; pp 393-526.

Experimental Section!!

The following procedure is typical of the experimental con-
ditions used for the reaction of activated halo compounds with
HMPA.

General Procedure. The activated halo compound (0.025 mol)
is placed in a three-necked flask equipped with a condenser,
thermometer, and magnetic stirrer. HMPA (25 mL) is added and
the system flushed with nitrogen before the temperature is raised
to 150 °C'? and held there for 24 h. The mixture is then cooled
to room temperature and poured into 100 mL of water. This
mixture is extracted with ether (3 X 75 mL), and the combined
ether extracts are washed with water (2 X 100 mL) and dried over
anhydrous magnesium sulfate. The drying agent is removed by
filtration and the filtrate is concentrated in vacuo. This material
can be further purified, if desired, by dissolving the product in
ether (50 mL) and extracting the ether with 18% (w/w) aqueous
hydrochloric acid (3 X 20 mL). The hydrochloric acid phase is
separated and the pH is adjusted to 11 by addition of 10%
aqueous sodium hydroxide with cooling. The resulting material
is isolated by filtration or extraction and dried in vacuo.

(11) Infrared spectra were recorded on a Perkin-Elmer Model 457
infrared spectrophotometer or a Nicolet MX-S FT-IR spectrophotometer.
Samples were run as thin films, Nujol mulls, or CHCl; or CCl, solutions.
NMR spectra were obtained in CCl,, CDCl;, or Me,SO-ds solutions
[(CH,;),Si as internal standard] at 60 Mz with a Varian EM-360A spec-
trometer. All boiling points and melting points are uncorrected and
melting points were recorded on a Fisher-Johns melting point apparatus.
Preliminary results of an inhalation toxicity study of HMPA released by
DuPont showed the development of nasal tumors in rats exposed to 400
and 4000 ppb of HMPA daily after 8 months. Although there is no data
available on the toxic effects of HMPA in humans, it is recommended
that HMPA be handled with the precautions appropriate for a potential
carcinogen.

(12) It is important not to let the reaction temperature exceed 200 °C
for an extended length of time since an emulsion forms under these
conditions that is very difficult to workup.

(13) Baudet, R. Recl. Trav. Chim. Pays-Bas 1943, 713.

(14) Ley, H.; Pfeiffer, G. Chem. Ber. 1921, 54, 363.

(15) Remington, W. J. Am. Chem. Soc. 1945, 67, 1838.

(16) Rudy, C. Chem. Ber. 1939, 72, 242,

(17) Grammaticakis, P. Bull. Soc. Chim. Fr. 1953, 207.

(18) Sachs, F.; Steinert, P. Chem. Ber. 1904, 37, 1733.

(19) Roberts, J.; Webb, R.; McElhill, E. J. Am. Chem. Soc. 1950, 72,
408.

(20) Montagne, R. Recl. Trav. Chim. Pays-Bas 1919, 56.

(21) Klein, B.; O’'Donnell, E.; Auerbach, J. J. Org. Chem. 1967, 32,
2412,

(22) Viehe, H.; George, P. Chimia 1975, 29, 209.

(23) Viehe, H. Angew. Chem. 1973, 446.

(24) Pedersen, E.; Lawesson, S. Tetrahedron 1974, 30, 875.
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2-Cyano-4-nitro-N,N-dimethylaniline (2a): NMR (CDCl,)
638.37(s,6 H),6.80(d,J =10 Hz, 1 H),8.17 (d of d, J = 10 Hz,
J =2 Hz, 1 H), 8.40 (d, J = 2 Hz, 1 H); IR (CHCl,) 2880, 2800,
2200, 1600, 1500, 1330, 910, 810 cm™; mass spectrum, m/e 191
(M*).

2-Nitro-N,N-dimethylaniline (2b);: NMR (CDCLy) 6 2.72 (s,
6 H), 6.60-7.87 (m, 4 H); IR (thin film) 2880, 2770, 1600, 1500,
1340, 1290, 1155, 1040, 740 cm™; mass spectrum, m/e 166 (M*).

3-Nitro-N,N-dimethylaniline (2¢). The preparation of this
compound was determined not to be synthetically useful and the
percent yield (15%) was estimated by NMR analysis of the crude
reaction mixture.

4-Nitro-N,N-dimethylaniline (2d): NMR (CDCl;) 6 3.10 (s,
6 H), 6.60 (d, J = 10 Hz, 2 H), 8.15 (d, J = 10 Hz, 2 H); IR (CHCly)
1590, 1510, 1480, 1320, 1110 cm™!; mass spectrum, m/e 166 (M™).

2-Nitro-4-methyl-N,N-dimethylaniline (2¢): NMR (CDCl,)
6 2.28 (s, 3 H), 2.80 (s, 6 H), 6.92 (d, J = 8 Hz, 1 H), 7.22 (d of
d,J =8Hz,J=2Hz 1H),7.55(d,J =2Hz 1 H); IR (thin film)
1620, 1520, 1340, 1280, 910, 790 cm™.,

2-Cyano-N,N-dimethylaniline (2f): NMR (CDCl;) § 2.90
(s, 6 H), 6.68-6.93 (m, 2 H), 7.20-7.56 (m, 2 H); IR (thin film)
2840, 2800, 2200, 1590, 1280, 1160, 1040, 750 cm™; mass spectrum,
m/e 146 (M*).

3-Cyano-N,N-dimethylaniline (2g). The preparation of this
compound was determined not to be synthetically useful and the
percent yield (trace) was estimated by NMR analysis of the crude
reaction mixture.

4-Cyano-N,N-dimethylaniline (2h): NMR (CDCly) 6 3.07
(s,6 H), 6.65 (d,J = 8 Hz, 2 H), 7.46 (d, J = 8 Hz, 2 H); IR (CHCl,)
2860, 2810, 2200, 1600, 1360, 1060, 1000, 810 cm™*; mass spectrum,
m/e 146 (M¥).

4-(Trifluoromethyl)-N,N-dimethylaniline (2i): NMR
(CDCl,) 6 3.02 (s, 6 H), 6.74 (d, J = 9 Hz, 2 H), 7.50 (d, J = 9 Hz,
2 H); IR (Nujol) 1620, 1370, 1330, 1100, 1070, 820 cm™; mass
spectrum, m/e 189 (M*).

4-(Dimethylamino)phenyl 4-chlorophenyl sulfone (2j):
NMR (CDCly) 6 3.00 (s, 6 H), 6.70 (d, J = 10 Hz, 2 H), 7.41 (d,
J=8Hz 2H),7.78 (d,J = 10 Hz, 2 H), 7.88 (d, J = 8 Hz, 2 H);
IR £Nujol) 1600, 1320, 1150, 780 cm™!; mass spectrum, m/e 295
(M*).

4-Chloro-N,N-dimethylbenzamide (2k): NMR (CDCl;) 6
3.06 (s, 6 H), 7.45 (br s, 4 H); IR (Nujol) 1625, 1100, 850, 760 cm™;
mass spectrum, m/e 185 (M*).

3,6-Dimethyl-2-(dimethylamino)pyrazine (20): NMR
(CDCly) 4 2.40 (s, 3 H), 2.50 (s, 3 H), 2.92 (s, 6 H), 7.90 (s, 1 H);
IR (thin film) 1540, 1450, 1380, 1360, 1300, 1180, 1140, 770 cm™%;
mass spectrum, m/e 151 (M*).

5-(Dimethylamine)-1-phenyltetrazole (2p): NMR (CDCly)
6 2.90 (s, 6 H), 7.60 (s, 5 H); IR (Nujol) 1580, 1565, 1080, 1060,
940, 775, 700 cm™; mass spectrum, m/e 189 (M*).

2-(Dimethylamino)benzothiazole (2q): NMR (CDCl,) 6 3.05
(s, 6 H), 6.88-7.78 (m, 4 H); IR (Nujol) 1580, 15650, 1530, 1440,
1400, 1390, 1280, 1120, 740, 720 cm™; mass spectrum, m/e 178
MH).

2-(Dimethylamino)-4-methylquinoline (2r): NMR (CDCl;)
6 2.40 (s, 3 H), 3.04 (s, 6 H), 6.54 (s, 1 H), 7.00~7.91 (m, 4 H); IR
(thin film) 1580, 1525, 1480, 1370, 1160, 820, 740 cm™'; mass
spectrum, m/e 186 (M*).

2-(Dimethylamino)quinoline (2s): NMR (CDCl,) § 3.18 (s,
6 H), 6.78 (d, J = 9 Hz, 1 H), 7.00-7.90 (m, 5 H); IR (Nujol) 1675,
1630, 1560, 1400, 820, 765 cm™}; mass spectrum, m/e 172 (M*).
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Intermolecular amidoalkylation reactions on aromatic
rings constitute an effective strategy for the construction
of heterocyclic compounds.! A variety of substituents,
including nitro groups, can be accommodated on the aro-
matic ring. However, anilines or acetanilides react with
acyl iminium ions to afford mixtures of products in only
modest yields.? Moreover, the reactions with both o- and
p-toluidine yield products wherein the position of sub-
stitution of the electrophile is directed by the methyl
group.® This reactivity profile is due to deactivation by
the iminium salt that is produced either by protonation
in an acid-catalyzed reaction or by complexation with the
Lewis acid catalyst.

As part of our study of the synthetic utility of the am-
idoalkylation reaction,* we examined the preparation of
benzodiazepine 1 (see eq 1). In view of the aforementioned

0
0]
IERNY N R\N/—\ JaNYT
— —— +
X X X
1 92a, R=CH,CO 3a,R=CH,CO
b, R = CH, b, R = CH,

0
Br \/\N: : (1)
OEt
4

problems, we decided to effect an intramolecular amido-
alkylation reaction. Although a few examples of intra-
molecular amidoalkylation reactions on acetanilide ana-
logues have been reported,® we are not aware of any re-
actions using anilines. We report herein an unexpectedly

X = H, Cl, OCH,

(1) Zaugg, H. E.; Martin, W. B. Org. React. 1965, 14, 52,
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(3) Bug, S. R. U.S. Patent 2593 840; Chem. Abstr. 1952, 46, 6844. Ota,
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