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of the week

Ghosez’s Reagent

Léon Ghosez

. Born: Belgium, 1934

. PhD: University of Louvain, Prof. G. Smets, 1958

. Postdoc: Harvard University, R.B. Woodward, 1960

*  Currently a visting scientist at the European Institute of Chemistry
and Biology (IECB) and Prof. Emeritus at University of Louvain

http://www.iecb.u-bordeaux.fr/index.php/fr/equipes/organic-a-medicinal-chemistry

Ghosez's reagent (tetramethyl-a-chloroenamine, TMCE) o

M
e M

. Moisture-sensitive, colorless liquid
»  Purified by distillation Me
. Readily converted to bromo, iodo, fluoro, and cyano analogs

*  Sigma-Aldrich: $183.00 for 5 mL

Cl

Cl

Me

» o ecorecns
POCI; (2 eq.), DMF (2 mol%) (Mew/&NMQZOCIJ NEt; (1.1 eq.), 0 °C to rt; Me%NMez

DCM, t, 8h L

then hexanes

80%, 93 g

Me
Ghosez's reagent

Alternatively can be prepared using phosgene

Ghosez, L et al. (2001). 1-Chloro-N,N,2-trimethylpropenylaminet. In Encyclopedia of Reagents for Organic Synthesis, (Ed.). https://doi.org/10.1002/047084289X.rc155m

Ghosez, 1972
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e~ NR, + ArH —_— S%Ar Me%NMez
Me Me Me
1
1a
ArH 1 Yield (%) Product
Cl
furan 1a 83 2-isobutyrylfuran
X Me -~
furan 1b 85 2-isobutyrylfuran NEt,
furan 1c 85 2-isobutyrylfuran Me
pyrrole 1a 94 2-isobutyrylpyrrole
pyrrole 1b 94 2-isobutyrylpyrrole 1o
pyrrole 1c 94 2-isobutyrylpyrrole
N,N-dimethylaniline 1a 89 p-N,N-dimethylaminoisobutyrophenone
anisole 1a 0 n.p
phenol 1a 0 n.p.

Cl
MG%N
Me

1c

* No reaction with anisole; with phenol, exclusively aminoalkenylation at oxygen is observed
* No need for acid catalysis

J. Am. Chem. Soc. 1972, 94, 2869 https://doi.org/10.1021/ja00763a061

J. Am. Chem. Soc. 1972 94 (8), 2870-2872 https://doi.org/10.1021/ja00763a062
Angew. Chem., Int. Ed., 1974, 13, 267. https://doi.org/10.1002/anie.197402671
Tetrahedron Lett. 1974, 15, 377—380 https:((doi.org/lO.1016/50040—4039(01)82_219-X
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e e R Me
OBF,
ArH Yield (imminium, %)  Yield (ketone, %) Product
butadiene 84 86 2a
cis-piperylene 85 93 2b
trans-piperylene 82 89 2c
cyclohexene 83 89 2d
cis-cyclooctene 86 88 2e
trans-cyclooctene 85 87 2f
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« Keteneimminium ions do not dimerize or
polymerize like ketenes or keteneimines

« ZnCl; is a less expensive alternative to AgBF,
« 1974: In presence of cis-fixed dienes: behaves
as dienophile and reacts through C=N bond
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H Me H Me H Me
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« Ethylene: competent reaction partner at room
temperature and atmospheric pressure
» More reactive than dimethylketene
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NMe, \’\T sz\RA then OH" R* /—N X
2 e ‘RS
R Ry R Mew/\NMez + RCO,CH —> RCOX + Me%NMez
Me Me
a-chloroenamine imine Yield (imminium, %) Yield (lactam, %)
R X Yield (%) R X Yield (%)
Cl Me
Me _~ N
NMe, ‘ 74 82 ClsC cl 100 clsC F 100
Me Ph H
tBu Cl 100 tBu F 100
N’Ph CH,=CH- Cl 96 Ph F 100
‘ 47 68 1,3-dithiolan-2-yl cl 100 Cl,CH F 98
Ph™ "H N,CH Cl 100 MeCH=C(Me) F 97
(Me0),CH Cl 94 H F 100
N By HCO cl 96 tBu Br 100
! 60 42 MeCO Cl 100 CH,=CH Br 100
BnS” H PhCO o] 80 H Br 100
_Ph pyrrol-2-yl Cl 100 Me | 100
/’\J“\ 65 70 furan-2-yl cl 100 Ph | 100
Ph” “Ph H Cl 94 tBu | 100
H I 100
cl _Ph
H =~ N‘ 80 0 I o ’ )
NMe, /L « Mild acidity and absence of racemization lends well to peptide synthesis
tBu Ph H « Excellent yields, unreactive isobutryamide byproduct obviates the need for purification
Angew. Chem. Int. Ed., 1974, 13, 267. https://doi.org/10.1002/anie.197402672 J. Chem Soc., Chem. Commun., 1979, 1180 https://doi.org/10.1039/C39790001180
Ghosez, 1975
cl @ e R o Fujisawa, 1983 i Ghosez's reagent (1 eq.), DCM, THF, 0 °C, 3h; j’\
Me%NM AGBFy DCM _ Me. "7 | o — [2+2]; R” OH then Cul (5 mol%), R'MgBr (1 eq.) R™OR
2 60 °C e - then OH- Ve
Me Me R Me
©BF,
Carboxylic Acid Grignard Reagent Yield (%) Carboxylic Acid Grignard Reagent Yield (%)
Acetylene Lewis Acid Yield (imminium, %) Yield (ketone, %)
9 I MgBr
Ph Ph AgBF, 82 90 N~ o~y ph > MIBT 88 ACO%OH PO 80
Me
Et Et AgBF, 80 80
o o]
Et Et Zncl, 100 95 MEOMOH ph M8 82 Aco\HkOH ph ™~ MB 83
o) Ph
Me Me ZnCl, 56 100
o] Cbz O
AgBF 77 0
H H 9BF, Br\/\MoH Ph/\/MgBr 87 N N/(OH F,h/\/ngBr 83
H H ZnCl, 80 0 ;
He—Me AgBF, 80 0 o 4 b /‘Z Evger a0
MS/YMOH ph/\/MQB' C 77 “oH
H—— 1By AgBF, 70 0 o
« Equimolar Grignard reagents to carboxylic acids, high chemc ivity, one-pot op ion

« For nonsymmetric acetylenes, the major product is the 3-subst. cyclobutenylideneimminium salt
« Acetylene and monosubst. acetylenes give ring-opened products upon hydrolysis

Angew. Chem. Int. Ed., 1975, 14, 569. mgs://doi.org/lO.100;/anie4197505691

Chem. Lett., 1983, 12, 11, 1791. https://doi.org/10.1246/cl.1983.1791
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Ghosez, 1989 X o Gaich, 2016
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Me Me COZEt /‘i
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CN then Ghosez's reagent C|7/" Et,0
) 80% ¢} 65%
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Z .
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J. Am. Chem. Soc. 2017, 139, 38, 1330413307 https://doi.org/10.1021/jacs.7b08577

« Strong acidity of HCI, POClg, SOCI,: incompatibility with acid-sensitive substrates Gagosz, 2022
* (COClI),: toxic reagent; Appel: produces excessive waste

« Selectivity can be tuned by varying the size of the alkyl groups on nitrogen

« Secondary allylic and propargylic alcohols give some rearranged halides o)

0 O CcO,Me
. NOH PhthCO,Et - Ghosez's reagent; then 2
Tetrahedron Lett., 1989, 30, 3077 https://doi.org/10.1016/50040-4039(00)99407-3 Z Na,CO3, H,0 = OH COMe = NN
. — 2 69% NPhth PhthN
. . N=
Examples in Synthesis
2,6-lutidine
Furstner, 1998 96% (+)-brevianamide A
OMe Org. Lett. 2022, 24, 7200 https://doi.org/10.1021/acs.orglett.2c02971
OAc /@/OMe :
° oMe Valle, 2022
A0S -, 0Bn O OMe
AcO
 Br BnO™ Y OH HO— oAc OH OAc OH o
T8S0  OBn O 0Bn O HO&&O 0, _Me OH . Me—-Me e e OH
Ghosez's reagent; 0, Me — > HO - MeHN/W . Me- OH OH Hl}l/ﬁ :
then DMAP, BnO™ ™y —_— OH O o N Me~]-Me Me. N
HO,, _Me alcohol TBSO BnO O HO COH Troc O NHBoc OTBS N -
74% over 3 steps CO2Bn HO. Ghosez's reagent Me\N N RN o .Me
(o) BnO. 1 NaHCO. | H z E—— o 0O N
e T " CO,Bn NHBoc ~ OTBS ° Troc O A, OMOM N_O O
1" ’ HNN 4% Me—N" O Hj 2
Caloporoside f H Y kCOZBn Me N)K/NH
= Me A, OMOM L

TrocHN'" ~CO,Me

M Ph
J. Org. Chem. 1998, 63 (9) 3072—3080 https://doi.org/10.1021/j09800098 kcozan :
. Pargamicin A
Morken, 2014 Org. Lett. 2022, 24 (50), 9285—9289 https://doi.org/10.1021/acs.orglett.2c03861
Liu et al, 2024
Me_ Me ! Me><Me
.. R TR CELmImT o 9% g g MOMO
5. 4 MeO Y then LHMDS, MeO ; 6\0 o = HO H
HX? Me Me o jFa Me Me e 3 > “H Ghosez's reagent;
Moo o - A "Me  then TMSCHoN,
~ (+)-Discodermolide z 0,
51% over 4 steps H oH HMoezc H Me 73% over 2 steps
Angew. Chem., Int. Ed., 2014, 53,9632 —9636 https://doi.org/10.1002/anie.201405455 Angew. Chem. Int. Ed. 2024, 63, €202400943. https://doi.org/10.1002/anie.202400943 Pepluacetal
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Maulide, 2019
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J. Am. Chem. Soc. 2019, 141, 13772— 13777 https://doi.org/10.1021/jacs.9b07185 FR252921

Carreira, 2015

CgH AN i _
6\ 13 ., Cl oTBS "N Ghosez's reagent ¢l OTBS Cl  0SOj 0SO3
9 R
OH CeHis™ Y 9% Cobhd™ H CeHig™ Y Ty
Cl Cl OH c ¢ ¢ ¢ ¢l
Danicalipin A

Angew. Chem. Int. Ed. 2016 55, 639-643 https://doi.org/10.1002/anie.201509082

Summary Miscellaneous reactivity not covered:
* In synthesis, Ghosez's reagent often sees use in the middle to late  « Diastereoselective keteneiminium [2+2] cycloadditions
stages due to exceedingly mild reaction conditions, where + Coupling of allylic alcohols with organometallic compounds
conventional reagents and their byproducts would promote (Grignard reagents)
undesired reactivity + Coupling of allylic alcohols with lithium enolates of dithioesters
* Some of the more unigue chemistry of TMCE is underrepresented in « Aminoazirine synthesis from sodium azide
synthesis « Invertive halogenation of phosphorthioic acid & phosphorus
* However, the chemistry of a-haloenamines largely is well explored oxyacids

Reviews and Lectures

* a-Chloroenamines: New Reagents for Organic Synthesis
https://doi.org/10.1002/anie.197208522

* 1-Chloro-N,N,2-trimethylpropenylaminet
https://doi.org/10.1002/047084289X.rc155m

* Amide activation: an emerging tool for chemoselective synthesis
https://doi.org/10.1039/C8CS00335A

Chem. Soc. Rev., 2018, 47, 7899-7925 https://doi.org/10.1039/C8CS00335A

Chem. Lett., 1985, 14, 10, 1453—1456, https://doi.org/10.1246/cl.1985.1453

Angew. Chem., Int. Ed. Engl. 1972, 11, 852— 853 https://doi.org/10.1002/anie.197208522

Tetrahedron Lett., 1982, 23, 999-1002 https://doi.org/10.1016/S0040-4039(00)87004-5

Synthesis 2005, 11, 1765— 1770 https://doi.org/10.1055/s-2005-865363

Ghosez, L et al. (2001). 1-Chloro-N,N,2-trimethylpropenylaminet. In Encyclopedia of Reagents for Organic Synthesis, (Ed.). https://doi.org/10.1002/047084289X.rc155m
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