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and Grignard Reagents Leading to Formation of Tertiary Amines and a
Thiolating Agent
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The development of new, multiple-component carboarbon
bond-forming reactions is an important goal in synthetic organic

Scheme 1. Reaction of N,N-Dimethylthioformamide (1a) with
Phenyllithium (2a) and Ethylmagnesium Bromide (3a)

chemistry. Recently, great interest has focused on three-component g PhLi SLi g, HsO* unidentified
reactions that lead to formation of propargyl amihds. earlier 2a _ products
studies? we found that thioiminium salts, derived from thioamides H~_NMez zg.c | Hy\ "NMe, NMe.
and methyl triflate, undergo sequential addition reactions with oah SMe E"\ggBr HLO* 2
lithium acetylides and Grignard reagents. In the initial step of this ' 6 a Ph”g4 Et
process, thioamides are activated for nucleophilic addition of the Hp), NMe; n.2h Via 5a 91%

organometallic reagents by complexation with the Lewis acid
methyl triflate. Additional investigations revealed that methyl triflate
activation is not required in reactions of thioformamides with a

2-pyridyl, ferroceny® and 2-thienyl lithiums (entries-47, 14, 15,
18, and 19) can be used as reagents for this process. Reactions in

variety of organolithium compounds. Below, we describe the results yich alkyllithiums participate are also highly efficient (entries 3
of a recent effort that has led to the development of a new three- g5 10). Likewise, a wide variety of alkyl, allyl, vinyl, and aryl

component coupling reaction of thioformamides. Sequential addition \5gnesium reagents can be used. Halogen, dimethylamino, and
of organolithium and Grignard reagents to these substrates leadsyethoxy substituents on the aromatic ring of arylmagnesium
to the efficient production of tertiary amines. In addition, we have pgjideg do not influence the efficiency of this three-component

discovered that the byproduct of this process can be used as a novelgaction (entries 46, 8, 16-14). In all cases, products resulting

thiolating agent.

On the basis of the well-known use NfN-dimethylformamide
(DMF) as a formylating agent in reactions with organolithium and
Grignard reagentswe have explored the use &fN-dimethyl-
thioformamide £a) in similar reactions (Scheme 1).

By using NMR spectroscopy inspection of the mixture formed
by reaction of this substance with phenyllithiugg), followed by
typical workup, showed that an unusual product containing phenyl
and N,N-dimethylamino groups had formédAlso, addition of
ethylmagnesium bromide&§) to the mixture, formed in the above
process, led to the production NfN-dimethyl N-1-phenylpropyl-
amine @a) in 91% yield. We reasoned that this transformation is
initiated by formation of the lithium thiolatéa,® which then
undergoes nucleophilic substitution Bgat the carbon atom bearing
N,N-dimethylamino and LiS groups. The latter process is ac-
companied by elimination of the LiS group. In this reaction, the

thioformamide thiocarbonyl carbon acts as dual electrophiles and

the LiS group plays the formal role of a leaving grdupo evaluate
the potentially unique leaving-group ability of LiS in this process,
the SN-acetal6” was reacted wittBa. In this case, where SMe
serves as the leaving group, the corresponding a#arng obtained
in only a low 37% vyield. This result suggests that in substitution
reactions with Grignard reagents, LiS is a better leaving group in
5athan is MeS in6.

The wide applicability of this three-component reaction is

demonstrated by the examples given in Table 1. Thioformamides,

possessing morphoryN-Boc piperazyl, andN-Bn piperazyl groups

from addition of two molecules of the organolithium reagent to
the thioformamide are not observed even when an excess of the
organolithium reagent is employed. The order of the addition of
organolithium and Grignard reagent is very important. When the
Grignard reagent is added to thioformamide first, followed by
addition of the organolithium, the corresponding amine is not
formed.

The three-component coupling reaction described above can be
used to prepare several important tertiary amines, including
diarylmethylpiperaziné8 (entries 11-14) which are among the
most biologically important members of this famiyThe synthesis
of optically active cetilidine7,*2which is a H1-receptor antagonist,
involves optical resolution odm (eq 1)*3 Also, amine4d! is the
key starting material in a sequence leading to racemic rivastigmine
8, the optical resolution of which yieldS-8'° a drug used for the
treatment of Alzheimer diseadgeq 2).
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An interesting observation was made by careful inspection of
the product mixture generated in these three-component reactions.
Specifically, a light-yellow solid is formed when the reaction
mixture is concentrated. To evaluate its characteristics, this solid

(1b—1d), participate in this process. Notable observations are that was treated with acid chlorides (Scheme 2).

the N-Boc group inlc is inert toward reaction with Grignard
reagents even under reflux conditions in THF. In addition, selective

Reaction with benzoyl chloride leads to formation of thiobenzoic
acid @) in 92% vyield, whereas reaction with phthaloyl dichloride

introduction of organolithium reagents takes place at the carbon gives phthalic thioanhydridelQ) in 65% vyield. On the basis of

atom of the thioformyl group idc (entries 11-15). In addition to
phenyllithium @a) (entries 1, 2, 8, 9, 1213, 16, and 17), 2-furyl,
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these observations, we propose that the solid is [LiISMgBr] and
that this substance serves as a new thiolating agent.
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Table 1. Three-Component Coupling Reactions of 1, 2, and 32 Acknowledgment. This work was supported by a Grant-in-Aid
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R2Li 2 R3MgX 3 .
S 1.1 - 1.6 equi (11-2 (g) equiv) R3 Molecular Transformations of Carbon Resources”) from the
HJ\NFﬂ (1. -5 equiv) - 0 eq » ; Ministry of Education, Culture, Sports, Science and Technology,
2 THF rt - reflux, R NR',
1 -78°C then 2-5h 4 Japan.
n,05h Supporting Information Available: Experimental procedures and
1 2 3 . characterization of new compounds including spectral data. This
ntr I t  yield(2 o . .
entry R, R2 R3 product - yield(%) material is available free of charge via the Internet at http://pubs/acs/
1 NMez Ph 4'MeOCGH4 4b 95¢ org.
2 1a Ph 4'M92N06H4 4c 91d
3 Me 3-MeOC¢H,4 ad 85 References
4 2-Furyl Ph 4e 86¢ (1) For recent examples, see: (a) Wei, C.; Li, Z.; Li, CSynlet2004 1472
5 2-Pyridvl Ph af 64d 1483. (b) Li, Z.; Wei, C.; Chen, L.; Varma, R. S.; Li, C.-Detrahedron
ynay Lett. 2004 45, 2443-2446. (c) Olivi, N.; Spruyt, P.: Peyrat, J. F.; Alami,
6 Fc Ph 49 494 M.; Brion, J.-D.Tetrahedron Lett2004 45, 2607—2610. (d) Russo, O.;
7 Fc Et 4h 664 Alami, M.; Brion, J.-D.; Sicsic, S. Berque-Bestel, Tetrahedron Lett.
2004 45, 7069-7072. (e) Choudary, B. M.; Sridhar, C.; Kantam, M. L.;
Sreedhar, BTetrahedron Lett2004 45, 7319-7321. (f) Sreedhar, B.;
N/\ Reddy, P. S.; Veda Prakash, B.; Ravindra, T&trahedron Lett2005
8 0 Ph 4-MeOCgH, 4i 94¢ 46, 7019-7022. (g) Lo, V. K.-Y.; Liu, Y.; Wong, M.-K.; Che, C.-M.
Org. Lett.2006 8, 1529-1532. (h) Aschwanden, P.; Stephenson, C. R.
1b J.; Carreira, E. MOrg. Lett.2006 8, 2437-2440. (i) Mohan Reddy, K.;
9 Ph Allyl 4 95¢ Seshu Babu, N.; Suryanarayana, |.; Sai Prasad, P. S.; Lingaiah, N.
Tetrahedron Lett2006 47, 7563-7566.
10 n-Bu 4-MeOCgH,4 4k 94¢ (2) (a) Murai, T.; Mutoh, Y.; Ohta, Y.; Murakami, MJ. Am. Chem. Soc.
2004 126, 5968-5969. (b) Murai, T.; Toshio, R.; Mutoh, Y.etrahedron
2006 62, 6312-6320.
11 '\O Ph 4-FCgH, a1 904 (3) Olah, G. A,; Surya Prakash, G. K.; Arvanaghi, 8ynthesid 984 228—
N. 230.
Boc (4) The reaction oN,N-dimethylthiobenzamide witBawas reported to give
e benzophenone in good yield: Tominaga, Y.; Kohra, S.; Hosomi, A.
12 e Ph 4-CICgH, 4m 857 Tetrahedron Lett1987, 28, 1529-1531.
13 Ph 4-MeOCgH, 4n 854 (5) The formation of5a is suggested by the following NMR spectroscopic
14 o-Thienyl Ph 40 83d data. In the'H NMR spectrum in 1,4-dioxands, a singlet was observed
. Yy at 5.20 ppm, which is assigned to the proton on the carbon having SLi
15 2-Thienyl Et 4p 844 and NMe groups attached. The resonance for this carbon appears at 71.4
ppm in the*C NMR spectrum. See Supporting Information.
(6) In the boron trichloride-mediated reaction of lithium allyloxides, benzy-
16 N/\ o Et 4 77d loxides, and propargyloxides, initially formed OLi groups have been
K/N q postulated to be converted to the corresponding oxyboron halides, which
“Bn then work as a leaving group: (a) Kabalka, G. W.; Wu, Z.; JuQvg.
d Lett. 2004 6, 3929-3931. (b) Kabalka, G. W.; Yao, M.-L.; Borella, S.;
17 44 Ph Allyl 4r 86 Wu, Z. Chem. Commun2005 2492-2494. (c) Kabalka, G. W.; Yao,
18 2-Furyl  Vinyl 4s 694 M.-L.; Borella, S.; Wu, Z.-ZOrg. Lett.2005 7, 2865-2867. (d) Kabalka,
_ d G.W.; Yao, M.-L.; Borella, SOrg. Lett.2006 8, 879-881. (e) Kabalka,
19 2-Furyl  c-Hex a 69 G. W.; Yao, M.-L; Borella, S.J. Am. Chem. So@006 126, 11320~

11321.

aA THF solution of thioformamidesl (1 mmol) was treated with
organolithium2 (1.1-1.5 equiv) and Grignard reagerg¢1.1—2.0 equiv).
b The X in 3 is Br unless otherwise notel. The product was purified by

acid—base workup? The product was purified by column chromatography.

(7) Tominaga, Y.; Matsuoka, Y.; Hayashida, H.; Kohra, S.; Hosomi, A.
Tetrahedron Lett1988 29, 5771-5774.

(8) Ferrocenyllithium was generated by reacting ferrocene teithbutyl-
lithium. By using this method, the corresponding Li reagent was reported
to be generated in ca. 60% yields: Guillaneux, D.; Kagan, Hl.Brg.

¢ The X in3is CI-LICl. Chem.1995 60, 2502-2505.
(9) 4-Chlorophenylmagnesium chloride was generated by using the literature

Scheme 2. Reaction of in Situ Generated [LiSMgBr] with Acid procedure: Krasovskiy, A.; Knochel, Angew. Chem., Int. EC2004

Chlorides 43, 3333-3336.
(10) For a recent example of synthesis of diarylmethylamines via Mannich-
ben29yl 0o type, reaction of in situ generated iminium salts with organozinc reagents,
chloride see: Gall, E. L.; Troupel, M.; Nidec, J.-Y.Tetrahedror2006 62, 9953
PhLi PhMaB Ph SH 9965.
i gBr . o, (11) Chern, J.-H.; Shia, K.-S.; Hsu, T.-A,; Tai, C.-L.; Lee, C.-C; Lee, Y.-C.;
1a [LiSMgBr] — 9 92% o Chang, C.-S.; Tseng, S.-N.; Shih, S.#Roorg. Med. Chem. LetR004
THF phthaloyl 14, 2519-2525 and references therein.
NMe, dichloride S (12) Pflum, D. A.; Krishnamurthy, D.; Han, Z.; Wald, S. A.; Senanayake, C.
— - H. Tetrahedron Lett2002 43, 923-926 and references therein.

4u (13) Kudo, J.; Hirata, N.; Yoshida, T. Eur. Pat. Appl. 1236722, 2(D2em
Ph™ "Ph 10 65% ( Absir. 2002 137, 201336.
(14) Sheng, R.; Lin, X,; Li, J.; Jiang, Y.; Shang, Z.; Hu,Bfoorg. Med. Chem.
) o ) Lett. 2005 15, 3834-3837.
In summary, the results of the investigation described above (15) sBoezzlgb:?i 95 fi’é'é?l“'{fz’ejf Cote, A.; Charette, A. 8. Am. Chem.
. . . 0ocC. .
demonstrate that the three-component coupling reaction of thio- (1) Gaitonde, A.; Mangle, M. Brit. UK Pat. Appl. 2409453, 20@iem Absir.
formamides with organolithium and Grignard reagents serves as a an |2:005 143 77963.( ) Desai, A K. Grossberg, Eibert Re. N X
H : H H orreviews, see:. (a) besal, A. K.; Grossperg, ert Re. Neurother.
novel and g_en_eral methoc_i for the synthesis of tgrtlar_y amines. Since 2005 5, 563-580. (b) Grossberg. G. Tourr. Med. Res. Opir2005 21,
the organolithium and Grignard reagents used in this procedure are 1631-1639.

R ; 8 thi f ; i~ (18) Forreviews, see: (a) Yamamoto, H., Oshima, K., BtiEn Group Metals
readily availablé®this process stands as a highly versatile §ynthetlc in Organic SynthesjaViley-VCH: Weinheim, 2004; Vol. 1. (b) Knochel,
methodology. Moreover, the byproduct [LiSMgBr] formed in these P., Ed. Handbook of Functionalized OrganometallicsViley-VCH:
reactions serves as a new thiolating agent. Further studies are ~ \Weinheim, 2005; Vol. 1.

underway probing the scope and applications of this methodology. JA068523F
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