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1. Introduction

N,N-Dimethylformamide (DMF) is an excellent polar solvent for
various classes of compounds, the dissolution being favoured by
interactions of the substrate with DMF. In the case of metallic
compounds, DMF can be, furthermore, an effective ligand'! which
can even substitute coordinated PPh;,2 its O-atom acting as do-
nor>* Besides, DMF can react as either an electrophilic or
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a nucleophilic agent, and, in addition, can be the source of various
key intermediates mediating reactions. The aim of this review,
which is not exhaustive, is to highlight different roles of DMF in
organic synthesis, organometallic chemistry and catalysis. This re-
view will not, however, survey the processes that require the pre-
requisite formation of a reagent by the reaction of DMF with
halides, the most commonly used being the Vilsmeier reagent
obtained from the combination of DMF with POCl3 (Scheme 1).°
Indeed, the different reactions carried out using the powerful
Vilsmeier-type reagents are well documented in several reviews.®
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2. Influence on equilibria and reaction courses

The solvent effect of DMF on the efficiency’~® (Eqs. 1% and 29),
rate’®"" and mechanism of reactions,'? and on the solvation of
anions has been reviewed by Parker forty years ago."
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The team of Amatore and Jutand has carried out a lot of studies
concerning the behaviour of Pd complexes in DMF.'* They have
demonstrated that, for the cationic n3-allylpalladium complex
formed from allyl acetate and PdO, the acetate anion sticks on Pd"
in THF, while it is located far from Pd! in DMF.® This observation
has been the key to rationalize the unexpected solvent effect on
the Pd®-catalysed isomerisation of (Z)-1,4-diacetoxy-2-butene (1),
i.e., the formation of the E-isomer (2) in THF, while 2 and 1,2-
diacetoxy-3-butene (3) are simultaneously produced in DMF
(Scheme 2).!° These isomerisations involve, in both solvents, the
nP-allylpalladium 3A and the n'-allylpalladiums 3B and 3C
(Scheme 3). From 3C, the proximity, in THF, of the acetate anion to
the allyl moiety allows its easy addition leading to 2. In contrast,

H
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Scheme 2.
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Scheme 3.

the remoteness of the acetate anion in DMF permits the com-
petitive transformation of 3C into the n-allylpalladium in-
termediate 3D that evolves into both 2 and 3. Although the
mechanism of the Pd"-catalysed isomerisation of allylic acetates is
different, a solvent-dependent reactivity of 1 under Pd" catalysis
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has also been observed (Scheme 4).
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In studying the reaction of n-BugNCl with PdCl;(PPhs),, leading
to the anionic complex shown in Eq. 3, the Amatore/Jutand team
has shown that the substitution of PPh3 by the chloride anion is
more efficient in THF than in DMF. According to the authors, this is
‘probably due to the lower capacity of THF relative to DMF to sol-
vate chloride ions, compared to the larger anionic species PdXsL .7
The formation of cationic complexes is also favoured in DMF, as
exemplified by the solvent-dependent equilibrium between neu-
tral and ionic benzylpalladium complexes depicted in Eq. 4.181°
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Kovala-Demertzi et al. have disclosed the DMF-promoted
elimination of HCI from the complex shown in Eq. 5.%°
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Cl

The solvent-dependent course of an Ag'-catalysed reaction is
illustrated in Eq. 6. The main product obtained from propargylic
alcohols under a carbon dioxide atmosphere and basic conditions is
a carbonate in toluene or chlorobenzene, and an enone in DMF.?!
According to Yamada'’s team,?! the ionic intermediate 5A (Scheme 5)
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would have, in a polar solvent, an elongated C-O~ bond, enhancing
the attack on the B-carbon (path b) to the detriment of the cyclic
carbonate (path a). This [3,3]-sigmatropic rearrangement is fol-
lowed by the release of CO,, resulting in the formation of the enone.
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in DMF, 12 h: 7% 73%

Scheme 5.

According to De Kimpe et al., the bis-a-chlorination of aromatic
ketones shown in Eq. 7 is due to catalysis by DMF.22 DMF also ca-
talyses the hydrolysis of epoxides (Eq. 8) via, according to Jiang
et al.,, the formation of N,N-dimethylformamide ethylene acetal
derivatives (Scheme 6).22 The decisive role of DMF for the glyco-
sidation of 2,3,4-triacetyl-1-bromo-o-p-xylopyranose with various
terpenols (Eq. 9)** would involve the Vilsmeier-Haack-type in-
termediate depicted in Scheme 7.2
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Kobayashi et al. have accomplished the highly effective syn-
thesis, in DMF, of homoallylic alcohols and amines, based on the
addition of allylic trichlorosilanes to either aldehydes®® or N-ben-
zoylhydrazones®’~2° and N-(o-hydroxyphenyl)imines.3® The pro-
cess was then extended to the allylation of N-Boc and N-Cbz
imines.3' According to the authors, the reaction is promoted by
coordination of the silane to DMF to form a hypervalent silicate that
is reactive towards electrophiles (Scheme 8).2%31
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Scheme 8.

3. Source of carbon monoxide!

DMF decomposes slightly at its boiling point to afford dimethyl-
amine and carbon monoxide, this reaction occurring even at room
temperature in the presence of some acidic or basic materials.3? This
observation has led to the use of DMF as a carbonylating agent.

Refluxing a DMF solution of RhCl3 and PPhs for 1 h leads to the
formation of RhCI(CO)(PPhs),.3* At room temperature in the absence
of the phosphine, the concomitant decrease in the oxidation state is
not observed and the cationic complex [RhCly(DMF),4]Cl is produced*
while heating yields [RhCl»(CO),][NH,Me,].3> Carbonyl complexes
have also been obtained from the reaction of Ir, Ru and Pt halides with
DMF.343> RuHCI(Pi-Pr3 )], yields, at room temperature, Ru(H ),CI(Pi-
Pr3)o(n%-OCNMe), the heating of which at 80 °C affords DMF, HNMe,,
RUHCI(CO)(Pi-Pr3),, RuH(H2)Cl(Pi-Pr3 ), and RuHCI(CNMe)(Pi-Pr3),.>

In contrast to the above salts, no carbonylpalladium species can
be synthesised in this way, refluxing PdCl, or Na;PdClg in DMF
leading to the rapid formation of colloidal palladium suspensions.3*
In fact, it is known that CO can reduce Pd" into Pd®.3’

Alterman et al. have used DMF as the carbon monoxide source,
for the Pd%-catalysed synthesis, under microwave irradiation, of
phthalide from 2-bromobenzyl alcohol (Eq. 10). Under these con-
ditions, the major side product was the debrominated benzyl al-
cohol (see Section 6).38

B Pd(OAc), (0.05 equiv.)
r P(o-tol); (0.05 equiv.)
_— o]
OH BuOK (I equiv) (10)
imidazole (1 equiv.) 45%

DMF
MW, 170°C, 1 h

4. Source of MezN unit
Heating DMF solutions of acid chlorides (Eq. 11),>° esters® or

anhydrides, possibly in the presence of traces of a mineral acid (Eq.
12),% affords the corresponding amides. It has been proposed that

T See also Scheme 13.
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the reaction of acid chlorides, that only requires heating, involves
the attack of the acyl group by the nitrogen atom of DMF.*!
Substitution reactions of aryl halides leading to amines (Egs.
13,32 14*? and 15%%)*4 and desulfitative dimethylamination of 5-
chloro-3-(phenylsulfanyl)pyrazin-2-(1H)-ones (Eq. 16*¢) have been
carried out using DMF as the solvent and reactant. The formation of
the dimethylamino compounds would involve the reaction of the
substrate with either DMF followed by loss of carbon monoxide
(Scheme 9, path a),*34>46 or with dimethylamine formed from the

decomposition of DMF (path b).4
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Scheme 9.

The promotion of the dimethylamination of activated aromatic
halides by diethanolamine has been reported (Eq. 17).% In this case,
the in situ formation of a DMF/HN(CH,CH,0H); adduct was sup-
ported by the production of N,N-bis(2-hydroxyethyl)formamide

(Scheme 10).
HN(CH,CH,0H), (2.5 equiv.)
0,N cl > O,N NMe,
DMF, 130 °C, 6 h
87%
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According to Nasipuri et al, the NaH-mediated de-
composition of DMF produces sodium dimethylamide and
formaldehyde as depicted in Scheme 11.48 No appreciable gas
evolution has been observed even after addition of water. This
observation contrasts with a prior proposal from Powers et al.
who have suggested the formation of carbon monoxide and
hydrogen instead of formaldehyde.?® Paul and Schmidt have
considered that the cleavage of t-butyl esters with NaH in DMF
is mediated by sodium dimethylamide,® but, according to
a subsequent report from Lloyd-Jones et al., this reaction would
rather involve sodium hydroxide formed from NaH and traces
of water.>! At this level, it is necessary to point out that mix-
tures of NaH and DMF can undergo dangerous uncontrollable
exothermic decomposition.’!

Oe
®
Na
)J\ NaH ~. @
~ 100d°c \T) —_ TN? + CH,0
I
Scheme 11.

In studying the nucleophilic addition, in DMF, of morpholine on
n3-benzylpalladium intermediates, Fiaud et al. observed the con-
comitant formation of the N,N-dimethyl adduct (Eq. 18).°% As this
compound was not observed in the absence of morpholine, the
reaction of this latter base with DMF, leading to its in-situ for-
mylation and production of dimethylamine, has been postulated
(Scheme 12). This agrees with the formation of N-benzylforma-
mide, as by-product, when benzylamine was used instead of mor-

pholine (Eq. 19).>2
c1117NM<=,2
OO

morpholine 30% 35%
CHy0AC py(dba), (0.02 equiv.)

dppe (0.03 equiv.)
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Recently, Chavez et al. have reported the incorporation of the
NMe; fragment, possibly via a radical process, in the course of the
Cu-catalysed oxidation of 3-hydroxyflavone by oxygen (Eq. 20).>3>*
Using '80, and H,'%0 experiments, the oxygen atoms of the isolated
compound are found to be from the starting substrate.”>

Bn\ Cl
N\—\/clu/o o}
\T.
o Ph</NH—\N (cat) o_ O
| '

—_—
0,, DMF, 90 °C Ph
o NMe,

5. Source of Me;NCO unit

Hallberg et al. have used DMF to accomplish the Pd-catalysed
aminocarbonylation of aryl bromides under microwave irradiation.
In the presence of t-BuOK and imidazole, 4-bromotoluene is, thus,
transformed into the corresponding dimethylamide (Eq. 21).>°
When carried out in the presence of an excess of an amine such as
benzylamine, the reaction affords the aryl benzylamide (Eq. 22).
According to the proposed mechanism (Scheme 13), the formation
of the dimethylamide involves carbon monoxide and then dime-
thylamine, both produced from DMF decomposition.
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imidazole (1 equiv.)
DMF 59%

MW, 180 °C, 15 min

Pd(OAc), (0.05 equiv.)
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6. Source of reducing agents

A few examples of the reduction of metal salts mediated by the
DMF decomposition products have been documented in Section 3;
other examples are now collected.

While DMF adducts of transition metals, such as AgX(DMF)
(X=BFy4, Cl04)° and PdXy(DMF), (X=Cl, BF4, Cl04)® are stable at
room temperature, heating of Cu'' and Ag' salts in aqueous DMF led
to their reduction to Cu' species®>”” and Ag nanoparticles,’® re-
spectively. The reduction of Au" into Au nanoparticules with 4-
aminothiophenol is also promoted by aqueous DMF.>® It has been
envisaged that DMF could react with water to produce formic
acid,®® which could reduce metal compounds.3”®!

Reduction of Pd(OAc), by DMF at 80 °C has been suspected, even
in the absence of water. Under these conditions, the DMF de-
composition products, i.e.,, carbon monoxide and dimethylamine,
could be involved in the process.5? Indeed, it has been reported that
alkylamines containing o-C-H bonds reduce PdCl,L, (L=PhCN, PPhs,
OPPhs) into Pd° species,®® but, according to a report from Alper and
Grushin, traces of water are, in fact, required.®* Kalck et al. have,
however, observed that refluxing PdCl, in DMF for 10 min led to
colloidal palladium suspensions, while, at 100 °C for 2 h, PdCly(DMF);
was isolated in 25% yield.>*

To be efficient, the reduction of the transition metal has to be carried
out under anaerobic conditions, since reoxidation can, in DMF, occur in
the presence of oxygen, as observed for the Pd° — Pd" reaction.?

In the course of the study of Heck-type reactions using an in-
organic base in DMF,®® we have observed some debromation of aryl
bromides. Such Pd-catalysed reduction, which depends upon the
experimental conditions, also occurs from aryl iodides, but is in-
efficient from aryl chlorides. The formation of the deuterated arene
in DMF-d; has demonstrated the role of the solvent, and has
allowed the proposal of the mechanism shown in Scheme 14.
Dimethylamine, in situ produced by base-mediated decomposition
of DMEF, reacts with the halogenopalladium complex 14A to yield
14B, which suffers a f-H elimination, leading to the hydridopalla-
dium complex 14C. Reductive elimination of Pd® from 14C releases
ArH.®” Note that the DMF-mediated dehalogenation of aryl halides
under Pd catalysis was envisaged, previously, by the teams of
Heitz®® and Fiaud® and, recently, by those of Maier’® and Kim.”!7?
We suspect that the increase in the performance of Pd-catalysed
reductions when they are carried out in DMF”>~7> could be due to
the participation of the solvent as a complementary hydride source.

ArH ‘\/r PdL, \gﬁ\rx

ArPdHL, ArPdXL,
14C 14A

AN base Q /Me

MeN=CH, Ar HNMe, >—N\
PdLy H  Me

H <‘/{ N. ux €0
Me
14B
Scheme 14.

7. Source of oxygen atom

The treatment of allylic and benzylic bromides by sodium hy-
dride in DMF affords the corresponding symmetrical ethers in high
yields (Eq. 23).7® The reaction occurs also from benzyl chloride,
mesylate and tosylate, and (4-bromobutyl)benzene but with lower
yields. The demonstration, using DMF-'80, that the solvent pro-
vides the oxygen atom has led Jung et al. to propose’® the mecha-
nism depicted on Scheme 15. The addition of DMF to the substrate
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Scheme 15.

leads to the ammonium salt 15A which is attacked by hydride to
yield 15B and then 15C. The Sn2 reaction of the alkoxide anion of
15C with the substrate affords the symmetric ether.

Symmetrical anhydrides have been obtained from acid chlorides,
DMFand zinc dust (Eq. 24).”” The suggested mechanism (Scheme 16)
involves, as above, the addition of DMF to the substrate, affording the
ammonium salt 16A which is in equilibrium with 16B. Reaction with
Zn leads to 16C. The anion of 16C reacts with the substrate yielding
the anhydride while the cation decomposes.

Zn (0.55 equiv.) o) o)

)OJ\ DMEF (2 equiv.) )J\ )]\

R Cl pentane, 0-20 °C R (0) R (24)

R =Me(CH,)4 (20 h, 71%), i-Bu (20 h, 69%), t-Bu (16 h, 89%),
cyclopropyl (3 h, 77%), cyclohexyl (2 h, 92%), Ph (2 h, 75%)

Me Me R

Me o) e
\ /\‘ \ @ R \ @ o—(
N )]\ — N. (o . N
Me” A\\}’&O R o MeT §49 T Me” X—Cl O
16A © O 16B
H H CI iy H
Me R o o
L \ @ [S]
carbenoidic —— N O—< —_ )]\
decomposition Me”™ YZnCl O )(LR O)J\R
H 16C R Cl
Scheme 16.

Heating of tosylates (Eq. 25)’® or mesylates (Scheme 17)7°
DMF for prolonged reaction times can afford alcohols with excel-
lent stereocontrol. Such a reaction, that is not general (see Eq. 37 in
Section 9), would occur via an SN2 displacement by DMF, leading to
an imidate ester salt 17A as intermediate (Scheme 17).7°

OBn OBn
BzO,, _~_ 0Bz BzO;, ~_ 40Bz
‘ DMF/H,0 (36:1) ‘
— (25)
reflux, 48 h o
Bz0¥Y Y~ YOTs Bz0¥Y Y "OH
OBz 90% OBz
OBn OBn OBn
BnO//' \\\N3 DMF BnO//, \\\N3 BnO//, \\\N3
led tube ® _Me
seale ., .,
Bn0¥” Y YOMs 140°C,96h [BnO¥ Y 70 /\| Bio¥ Y “on
C_)Bn 6Bn M%O Me OBn 82%
17A
Scheme 17.

The bromonium ion obtained from the addition of N-bromo-
succinimide or bromoazide to a C=C bond, reacts with DMF to
yield the corresponding bromoformate and/or bromohydrin.3%81
Following an experiment using DMF/!80 that has established the
provenance of the oxygen atom of the C-O bond, the mechanism
shown in Scheme 18 has been proposed.!

BrN;

S O BrH R Br
NB
or ® Br —» 2 and/or
Lo I e ]
A
o R

o /OH

Scheme 18.

8. Source of formyl unit’

Various substrates have been formylated using Vilsmeier re-
agents but, as pointed out in the introduction section, these pro-
cesses are out of the scope of the present review. Consequently, this
section will summarise other formylation processes.

Amines are formylated using DMF as reagent with an efficiency
depending upon their structure and on the experimental conditions.
In 1959, Pettit and Thomas reported the sodium methoxide-medi-
ated formylation of primary aryl amines in refluxing DMF (Eq. 26).8?
These conditions led to low yields of N-octylformamide from 1-
aminooctane.®> A mechanism similar to that depicted in Scheme 12,
or the reaction of the substrate with carbon monoxide produced
from the MeONa-mediated decomposition of DMF could be in-
volved.?? It is, however, known that catalysis is required for N-for-
mylation with CO.84 In contrast to the above method, the formylation
of primary and secondary alkyl amines occurs easily under a stream
of carbon dioxide, at 60 °C in DMF (Eq. 27), while aryl amines were
not formylated.®> Otsuji et al. have proposed® the mechanism
depicted in Scheme 19: reaction of the amine with CO, produces the
corresponding carbamic acid which reacts with DMF. Subsequently,
Kraus reported the uncatalysed formylation of aliphatic amines
(negligible reaction from aniline) via refluxing in DMF for prolonged
periods (Eq. 28), while the addition of sulfuric acid enhanced the rate
of the reaction (Eq. 29).83 Takahashi et al., who have also noted the
beneficial effect of sulfuric acid, have proposed a method based on
the use, in DMF, of alumina, silicic acid and, especially, zirconium
oxide, which allows the formylation in high yields of both aliphatic
and aryl amines (Eq. 30).8% Iwata and Kuzuhara have used 1.5 equiv,
per NH; group, of 2,3-dihydro-1,4-phthalazinedione to promote the
N-formylation of primary amines with DMF. These authors have
suggested the formation of a ternary complex as the key transition
state corresponding, however, to a mechanism requiring only cata-
lytic amounts of the promoter (Scheme 20).87

H
X NH, MeONa (2 equiv.) X N\CHQ
X SME. roflon 30 min XU (26)
P DMF, reflux, 30 min P

X = 0-1 (68%), 0-Cl (88%), p-Br (70%), p-CO,H (46%)

1 1
R\ CO, stream R\
N N—CHO
R2 DMF, 60 °C,5h R2 (27)
R! = H, R? = Me(CH,); (46%), Me(CH,) 3 (66%)
RI-R? = (CH,)s (48%), (CH,),0(CHy), (67%)

+ See also Eq. 19.



J. Muzart / Tetrahedron 65 (2009) 8313-8323 8319

O

co, DMF

RoNH o R,;NCOH ~m

A w
R2N \,
H
P

Scheme 19.

T» R,NCHO

HNMe,
+CO,

Ry DMF Rl\
NH —— > N—CHO
R? reflux, 15-144 h R?
R! = H, R? = Me(CH,); (53 h, 91%), Me(CH,)y (48 h, 83%), (28)
Me(CHy),; (15 h, 98%), Me(CH,),7 (32 h, 88%),
Bn (30 h, 90%), PhCHMe (144 h, 71%)
R!-R? = (CH,)5 (90 h, 95%)

H,S04 (1 equiv.)
Me(CH)oNH; —————— = Me(CH,)oNHCHO (29)

DMF, 120 °C,2h 75%

R! R!
\ hydrous ZrO, (1g/mmol) '\
—_— N—CHO
Rz' DMF, reflux, 2-6 h RZ,
R! = H, R? = Me(CH,), (100%), Bn (99%), PhCHMe (100%) (30)
R! = R? = i-Bu (96%), n-Bu (100%), cyclohexyl (100%)
R!-R? = (CH,)5 (100%), Me,CH(CH,);CHMe, (69%),
(CH,) (100%), (pyridin-3-yl)CH(CH,)3 (92%)

N/
NH

N
) 1|{ »_>CHO o

NH O (NHR

(1.5 equiv.)
0 NH NH
RNH, —————> | —» RNHCHO +HNMe, + IlJH
DMF, 80-95 °C, > 40 h NH R = Bn (99%),

PhCHMe (86%),
o HO(CH,), (85%)

Scheme 20.

Organolithium compounds are formylated by DMF®® (Egs. 31,39
329 and 33°1), with possible enantioselectivity induced by
(—)-sparteine (Eq. 34).°% In contrast to the mechanisms depicted in
Schemes 15 and 16, the reaction occurs via the addition to DMF
(Scheme 21), hydrolysis of the alcoholate thus formed affording the
aldehyde.

OCH,0Me 1) n-BuLi (2 equiv.) OCH,0Me
_BLO.r 152.5h
2) DMF (3.2 equiv.) g2 CHO (31)
EtZO 1,05 h
R3
=OMe, R2=R?>=H: 98%

Rl R? = H, R? = OMe: 90%
R'=H,R?>=0OMe, R* = H: 97%

Ph

1) n-BuLi (1.1 equiv.), hexane/THF
/ 0°Ctort, 2h 27
b) o Ao (32)

| 2) DMF, -78 °Ctort, 3 h

CPhy CPh3 72%
O O 1) s-BuLi (1.2 equiv.) o (0]
TMEDA (1.2 equiv.)
Et,0, -78 °C,3 h
TP Oy 33)
\\\\ N 2) DMF (1.2 equiv.) \\\\‘ N

-78°Ctort, 16 h

/& 56%

t-BuO O t-BuO’ (6]

1) s-BuLi (1.1 equiv.),
BH, (-)-sparteine (1.1 equiv.)

BH
s Et,0,-78°C,3h P /CHO 34
b SOUREA b (34)
Ph”\ 2)DMF (2 equiv.), Th  Ph”
93%, 81% ee
1<)
oy 9 Li® 0
H,0
RGN — R% — )]\ + HNMe, + LiOH
Li H N—Me W N—Me R H
| H |
Me Me
Scheme 21.

Aryl olefins are hydroformylated under electrochemical condi-
tions in DMF (Eq. 35) via a reaction involving the addition of the
radical anion or the dianion of the substrate to DMF (Scheme 22).%3
Hydroformylation of 1,1-diarylethenes followed by nucleophilic
attack of the anion Me;NCO™~ formed by the action of sodium on
DMF* has been one of the proposals to rationalise the formation of
a-hydroxybutamides depicted in Eq. 36.%°

LiClOy (2 equiv.)
/K electrolysis J\/CHO (35)
Ph DMF Ph

86%

Dﬁ' ~3 )
o © HMHO  ~_CHO
Ar/\ _e» Ar/\-l. DMF Ar/\)\NMcz Ar
e ® /
A N\e
Scheme 22.
(0}
Ph\( Na (8 equiv.) Ph
e
DMF NMe, (36)
Ar 80°C,5h Ar  OH

Ar =Ph (93%), 2-pyridyl (nearly 100%)
9. Source of formate unit’

Heating 3(-cholestanyl tosylate at 78 °C in DMF yields 3a-cho-
lestanyl formate (Eq. 37).%6 This contrasts with the displacement of
tosylates depicted in Eq. 25, and is possibly due to the hydrolysis of
the imidate ester salt formed as an intermediate from an SN2 reaction
with DMF (see intermediate of Scheme 17 with Ts instead of Ms).

CgHy7 CgH,;

DMF 0 37)
—_—

78°C,23h

W
TsO H (0) 75%

Heating 2-bromoethylamines and 3-bromopropylamines in
DMF affords formate esters in good yields (Eq. 38).%” The formation,
under similar experimental conditions, of benzyl formate in low
yield (7% in 20 h) from benzyl bromide has led Katerinopoulos et al.
to propose®’ the participation of the nitrogen atom when bromo-
amines were the substrates (Scheme 23).

5 See also Scheme 18.
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DMF
Br 77 o (6] H
RN 5 °C, 20-60 h RN \"/
0 (38)

n=1, R = CH,CN (20 h, 66%), CH,CO,-Bu (20 h, 76%),
Bn (40 h, 97%)
n=2,R= Bn (60h, 80%)

Br
R2N/\/
R/Ne
Bre Me
R \ @
H N o 0
Me/e Y ﬂ/ H,0 J\

Br H R—N N NR;
\
R

Scheme 23.

10. Source of Me;NCH and CHOH units

Enamidines have been synthesised from N,N-bis(silyl) enamines
and DMF under sodium methoxide catalysis (Eq. 39).%% A possible
role of the catalyst is to weaken a silicon-nitrogen bond through
coordination at the silicon center (Scheme 24).98

?iMe,z MeONa (0.2 equiv.) SN NM
— s NMe,
&N gire, DMF80°C, 2h RN (39)
R = Me (82%), MesSiCH, (60%)

Me,N
SiMes 2 MeaNy  osies
L MeONa ‘\ Si. Na - MeONa H - (Me3Si),0
N — Sl X Nao _ NMe,
R/\/ §1Meg DME /\/ /\/N\ R/\/ X
\ SiMe;
SIM63
Scheme 24.

The synthesis of homoallylic amines from the addition of allylic
trichlorosilanes to N-benzoylhydrazones (see Section 2, Scheme 8),
can be accompanied by the formation of dihydropyrazoles due to
the addition of the tautomeric isomer of the substrate, i.e., the
corresponding enamine, to DMF (Scheme 25).28

N—NBz
_NHBz _NHBz NHBz

U e e

Ph

NMe,
Scheme 25.

Dimethyl alkyl amines are obtained from the addition of Grignard
reagents to DMF in the presence of Ti(0i-Pr) and MesSiCl (Eq. 40).%°
According to de Meijere et al.*® the mechanism of this process is not
clear; one of the suggested possibilities is depicted in Scheme 26.

| Ti(Oi-Pr), (0.03 equiv.) |
N Me;SiCl (1 equiv.) N R

H
7 —
\n/ + RMgBr THE, tt, 1 h Y (40)
o (2.2 equiv.) R

R = Ph (66%), p-MeCgH, (40%), p-MeOCgH, (80%)

O RMgBr  OMgBr Ti(Oi-Pr); OTi(0i-Pr3 Me;SiCl & R RMgBr R
Me,N” CH R R 92\ )\
) Me,N MeNT N MeN” H ¥ MeN” R
BrMgOi-Pr Me;SiOTi(Oi-Pr); CIMgBr
Scheme 26.

11. Source of radicals’

In DMEF, the redox system [NH30H]/Ti'! induces the selective
carbamoylation of protonated heteroaromatic bases by the H,NCO®
radical (Eq. 41).1%°

| X Tiy(SO,)3
@N/ + NH,OHH,S0, v | NMe,

conv.: 56%, selectivity: 60%

Sakurai et al. carried out the cycloisomerisation of a variety of y-
hydroxy alkenes, under an air atmosphere, using a gold nano-
cluster, denoted Au:PVP, as the catalyst, in a 2:1 H,O/DMF mixture
containing DBU (Eq. 42).1°M1%2 The participation of a hydrogen atom
from DMF has been demonstrated using DMF-d; as the co-solvent
(Eq. 42). According to the mechanism suggested by the authors
(Scheme 27), this hydrogen is provided via a radical process.!°! we
are not too confident in the proposed mechanism, because it does
not take DBU into account. We suspect that the hydrogen atom
could be from dimethylamine produced from the DBU-promoted
decomposition of DMF. In fact, the large excess of DMF does not
necessitate its regeneration, and DBU can promote the formation of
the gold alkoxide.

OH Au:PVP (0.1 equiv.)
Ph>|\/\/ DBU (2 equiv.) Ph (0] CH, . Ph 0 CH,D
Ph solvents (2:1 ratio) Ph>Q/ Ph>Q/
air, 50 °C, 16 h
solvents conversion % yield %
H,0/DMF: 100 87 -
D,0O/DMF: 97 80 0
H,O/DMF-d;: 68 0 63
D,O/DMF-d;: 50 0 42
(42)
OH

+3 0
\ -0
j TR
DME® / Ph Ph

Scheme 27.

12. Dehydrating agent

The scope of the thermal dehydration of aldoximes in DMF,
a reaction discovered by Liebscher and Hartmann in 1975,'° has
been recently examined by Varvounis et al. (Eq. 43), who have
proposed the mechanism shown in Scheme 28.1°4 According to
these authors, DMF works ‘three ways towards aldoximes, as
a solvent, as a formylating agent and as a means of inducing ther-
mal elimination of formic acid to give the nitrile’.104

¥ See also Eq. 20 and corresponding text.
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R DMF
\— —_— —==N
NOH j35°C, 48 h (43)
R =aryl (47-83%), heteroaryl (55-83%),
MeCH=CH (66%), alkyl (76-78%)

R N H
¢ \®/H
HCO,H Me NH N
(0] H 2
N \
R—=N <L— H & \ﬁ
0
R N
Scheme 28.

13. Cycloadditions

In the presence of NaH,'>1% Ag,0,'> or under electro-
chemical reduction conditions,'®’ a-bromoamides react with the
carbonyl group of DMF to afford 2-(dimethylamino)oxazolidin-4-
ones (Eq. 44). The 2-bromoamide anion would be involved as an
intermediate.!0>107

NMe,

O—
ﬁ Ag,0 or NaH
R! R pME 4 R! N~g2
DMF, it R R 44
I (44)
(0]

R'= R?= Me, NaH (2 equiv.), 0.5 h: 70%
R!=H, R?=Ph, Ag,0 (I equiv.), 24 h: 85%

The reaction of alkynyl trifluoromethyl sulfones with DMF that
yields the adducts shown in Eq. 45 would occur via the four-

membered heterocycle 29A (Scheme 29).1%8

e MeN CHO
R—=—=—S0,CF, ——> — 45
n12d S0,CF, (45)

R = Ph (70%), n-Bu (50%), -Bu (51%)

o 2 o
M ME%JCH vl D men o

Me,NS H 2 ° _
R—=——S0,CF R SO,CF
23 R SOCF; R, SOCF; s

Scheme 29.

14. Conclusions

The present review shows that, besides being an effective polar
solvent, DMF is a multipurpose reagent participating, thanks to its
structure, in various reactions. It is necessary to point out that some
of these also occur using other amides, and to remember the use,
undisclosed in this review, of DMF to form Vilsmeier reagents. The
different roles of DMF in organic synthesis are summarised in
Scheme 30.

Me,NCO

HCO, 1

oo b

HCO
\ Ve )J\ /

o / | H . controlled
Me hdlldes reactions
NMe, / \ Vilsmeier-type
reagents
HNMe,

Scheme 30.
15. Addendum

Sanz et al. have recently suggested the formation of an ammo-
nium formate derivative from a DMF solution containing a palla-

dium catalyst and diethylamine; this species would be involved in

the reduction of a C=C bond and a NO, unit.!%°
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