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Abstract: Two protocols for the transamidation of primary amides with primary and secondary amines,
forming secondary and tertiary amides, respectively, are described. Both processes employ N,N-
dialkylformamide dimethyl acetals for primary amide activation, producing N'-acyl-N,N-dialkylformamidines
as intermediates, as widely documented in the literature. Although the latter intermediates react irreversibly
with amines by amidinyl transfer, we show that in the presence of certain Lewis acid additives efficient acyl
transfer occurs, providing new and useful methods for amide exchange. In one protocol for transamidation,
the N'-acyl-N,N-dialkylformamidine intermediates are purified by flash-column chromatography and the
purified intermediates are then treated with an amine (typically, 2.5 equiv) in the presence of scandium
triflate (10 mol %) in ether to form in high yields the products of transamidation. In a second procedure,
N'-acyl-N,N-dialkylformamidines are generated in situ and, without isolation, are subjected to transamidation
in the presence of zirconium chloride (0.5 equiv) and an amine (typically 2 equiv). A variety of different
primary amides and amines are found to undergo efficient transamidation using the methods described.

Introduction CHzO__OCHj,

e

In the context of a recent synthetic problem, we wished to o CHS/N\CHs o
transform a readily available primary carboxamide substrate into ©)L NH, (3.0 equiv) ©)LN4\N/CH3
various secondary and tertiary amides. Existing methods to CHsOH, 45 °C c':H3
accomplish the desired amide exchange involved harsh reaction
conditions! required more than one stépwere limited in
substrate scopepr were reversiblé,leading us to consider o ) [CH4OH]
developing alternative chemistry. In this regard, the prior work
of Anelli et al. was of particular interest, as these researchers (j)\ocH3
had reported that primary carboxamides could be treated with
N,N-dimethylformamide dimethyl acetal (DMF-DMA) metha- 98% yield
nol at 45°C to furnish methyl esters, via afracylformamidine

intermediate (formed in situ, eq 4)This transformation was ~ Notable in that theN-acyl group had served as the site of
nucleophilic addition, not the formamidinyl group, which is

(1) (a) Galat, A.; Elion, GJ. Am. Chem. Sod943 65, 1566. (b) Bon, E.; more typical. For example, Lin et al. have shown that the
Bigg, D. C. H.; Bertrand, GJ. Org. Chem1994 59, 4035. (c) Shi, M.; reaction ofN'-benzoyIN,N-dimethylformamidine ) with hy-
Cui, S.-C.Synth. Commur2005 35, 2847. d . . th | f b id h . fi id
(2) (a) Hendrickson, J. B.; Bergeron, Retrahedron Lett1973 46, 4607. (b) razine In ethanol torms benzamide, whereas In acetic acl
Garcia, J.; Gondaz, J.; Segura, R.; UfpF.; Vilarrasa, JJ. Org. Chem. amidinyl exchange occurs, but in both cases the amidinyl carbon
1984 49, 3322. (c) Davidsen, S. K.; May, P. D.; Summers, JJBOrg. . . . -
Chem.1991, 56, 5482. atom is the site of nucleophilic addition (eq2)Ve wondered
(3) For transamidation of dimethylformamide, see: (a) Pettit, G. R.; Thomas,
E. G.J. Org. Chem1959 24, 895. (b) Pettit, G. R.; Kalnins, M. V.; Liu, 0
T. M. H.; Thomas, E. G.; Parent, K. Org. Chem.1961, 26, 2563. (c) HaNNH,
Kraus, M. A. Synthesisl973 361. Transamidation oN-hydroxyethyl EtOH NH,
o-amino amides: (d) Snuggs, J. W.; Pires, R. T@trahedron Lett1997, o)
38, 2227. Transamidation ®-(carbamoylmethylN'-tosylguanidines: (e) CH
Lasri, J.; Gonzez-Rosende, M. E.; Séueda-Arques, JOrg. Lett.2003 NANTTTB @
5, 3851. Transamidation df-acyltrifluoromethanesulfonamides: (f) Guil- (l)H o
lard, S.; Aramini, A.; Cesta, M. C.; Colagioia, S.; Coniglio, S.; Genovese, 3
F.; Nano, G.; Nuzzo, E.; Orlando, V.; Allegretti, M.etrahedron2006 1 NP> NH
62, 5608. HaNNH, |
(4) (a) Eldred, S. E.; Stone, D. A,; Gellman, S. H.; Stahl, S1.9dm. Chem. AcOH NH,

So0c.2003 125 3422. (b) Hoerter, J. M.; Otte, K. M.; Gellman, S. H.;
Stahl, S. SJ. Am. Chem. So@006 34, 938.

(5) For a review of the chemistry of formamide acetals, see: Abdulla, R. F.; Whether a nonsolvent nucleophile such as a primary or secondary
Brinkmeyer, R. STetrahedron1979 35, 1675.

(6) Anelli, P. L.; Brocchetta, M.; Palano, D.; Visigalli, M.etrahedron Lett. amine mlght under approprlate conditions react withNan

1997, 38, 2367. acylformamidine intermediate bi-acyl transfer rather than
16406 = J. AM. CHEM. SOC. 2006, 128, 16406—16409 10.1021/ja066728i CCC: $33.50 © 2006 American Chemical Society
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formamidinyl transfer. Unlike the ester formation described by molecular sieves. Products formed in the absence of sieves
Anelli et al.f the proposed amide formation would likely not contained~15% of an impurity believed to be the partially
have the advantage of reversibility if transfer of the formamidi- condensed orthoamide intermediate depicted in eq 3 (bracketed
nyl group to the nucleophile occurred. Here, we show that structure, on the basis 8H NMR analysis of crude reaction
N-acyl formamidines do indeed react irreversibly with amines mixtures), a substance found to be a catalyst poison in one of
by formamidinyl transfer in the absence of additives, but that the two transamidation protocols we report (vide infra). The
in the presence of certain Lewis acids efficient acyl transfer impurity is largely transformed to the correspondiNgacyl-

occurs, providing useful processes for amide exchange.
Results and Discussion

The synthesis ofN'-acyl-N,N-dimethylformamidines from
primary amides and DMF-DMA is well precedentédiVhile
there are several examples of reaction occurring a&t@%—¢

N,N-diisopropylformamidine on silica gel, for isolated yields
of the latter typically exceed 95% after flash-column chroma-
tography. Crude products formed in the presence of 5 A
molecular sieves typically contair3% of the orthoamide
impurity. Like N'-acyl-N,N-dimethylformamidined\'-acyl-N,N-
diisopropylformamidines are typically solids, and as implied

in other precedents the amidine formation is conducted at muchabove, they are stable to chromatograpiyAcyl-N,N-diiso-

higher temperature®™ In our studies both aliphatic and
aromatic primary amide substrates were typically transformed
to the corresponding\,N-dimethylformamidine derivatives
within 2—4 h upon exposure to DMF-DMA (1.3 equiv) in
refluxing dichloromethane~0.1 M in substrate) containing
crushed, activate5 A molecular sieves (100 mg/mL). The more
hindered substrate pivalamide required 24 h for complete

propylformamidines are typically slightly less polar than the
starting primary amides, wherebbk-acyl-N,N-dimethylforma-
midines are typically slightly more polar.

We first explored the reaction of chromatographically purified
(>95%) N'-benzoyIN,N-dimethylformamidine 1) with benzy-
lamine (2 equiv) in the absence of any additive, in the aprotic
solvent tetrahydrofuran (THF), and observed that nearly com-

conversion under the same conditions. The transformations areplete conversion to benzamide aNdbenzylN,N-dimethylfor-

readily monitored by thin-layer chromatography, and the

mamidine occurred within 15 h at 2€ (eq 4, R= CHs). Thus,

products are stable to column chromatography (though we as Lin et al. had found using hydrazine as the nucleophile in

typically do not isolate them, vide infra). When isolatéd;
acyl-N,N-dimethylformamidines are often solids, and they are
produced in near-quantitative yields, as previously documénted.
In addition to N'-acyl-N,N-dimethylformamidines, we pre-
paredN'-acyl-N,N-diisopropylformamidines by the reaction of
primary amides wittN,N-diisopropylformamide dimethyl acetal
(DIF-DMA, 1.25 equiv, eq 3). The latter reagent is not presently

(:Haoﬁ/ocr-l3
o) N O OCH
1 EPre NPy * o
R™ NH, CH,Cly, 23 °C A N
22 i-Pr
®)
~CH4OH
o)
R)J\N%N’/'Pr

|
Pr

available commercially, but it is readily prepared in quantity
from N,N-diisopropylformamidé. The reactions of primary
amides with DIF-DMA are much faster than those with DMF-
DMA and typically proceed to completion within=2 h at 23

°C when conducted in the presence of crushed, activated 5 A

(7) (a) Lin, Y.; Lang, S. A., Jr,; Lovell, M. F.; Perkinson, N. A. Org. Chem.
1979 44, 4160. (b) Chorvat, R. J.; Desai, B. N.; Radak, S. E.; Bloss, J.;
Hirsch, J.; Tenen, S1. Med. Chem1983 26, 845. (c) Macleod, A. M.;
Baker, R.; Freedman, S. B.; Patel, S.; Merchant, K. J.; Roe, M.; Saunders,
J.J. Med. Chem199qQ 33, 2052. (d) Showell, G. A.; Gibbons, T. L.; Kneen,

C. O.; Macleod, A. M.; Merchant, K.; Saunders, J.; Freedman, S. B.; Patel,
S.; Baker, RJ. Med. Chem1991, 34, 1086. (e) Ospina, C. A.; Rodjuez,

A. D.; Sanchez, J. A.; Ortega-Barria, E.; Capson, T. L.; Mayer, A. M. S.
J. Nat. Prod.2005 68, 1519. (f) Weidinger, H.; Eilingsfeld, H\N'-Acyl-
N,N-Dialkylformamidines. Belgian Patent BE 629 972, 1963. (g) Lin, Y.;
Lang, S. A. JSynthesid98Q 119. (h) Lin, Y.; Jennings, M. N.; Sliskovic,

D. R,; Fields, T. L.; Lang, S. A. ISynthesisl984 946. (i) Blake, A. J.;
McNab, H.; Murray, M. EJ. Chem. Soc., Perkin Trans.1B89 589. (j)
Chen, C.; Dagnino, R. J.; McCarthy, J. &.Org. Chem1995 60, 8428.

(k) Kuo, G.-H.; DeAngelis, A.; Emanuel, S.; Wang, A.; Zhang, Y.;
Connolly, P. J.; Chen, X.; Gruninger, R. H.; Rugg, C.; Fuentes-Pasquera,
A.; Middleton, S. A.; Jolliffe, L.; Murray, W. V.J. Med. Chem2005 48,
4535.

(8) Bredereck, H.; Simchem, G.; Rebsdat, S.; Kantlehn, W.; Horn, P.; Wahl,
R.; Hoffmann, H.; Grieshab, Zhem. Ber1968 101, 41.

protic media’2 amidinyl transfer proceeded to the exclusion of
acyl transfer and was apparently irreversible. We attempted to
alter the course of reaction by increasing the size of the amidinyl
N-alkyl substituents, examining the reactiomdfbenzoyIN,N-
diisopropylformamidine?) with benzylamine (2 equiv) in THF

at 23°C (eq 4, R=i-Pr). Although the rate of amidinyl transfer
was indeed greatly slowed, this was nevertheless the primary
course of reaction; afted d at 23°C, ~25% of the starting
material had been transformed cleanly to benzamide. Lewis acid
additives were found to dramatically alter the rate and course
of reaction. From an initial screen of the influence of different
Lewis acids upon the reaction dfwith benzylamine, scandium
triflate emerged as particularly efficaciotitn the presence of

10 mol % scandium triflate and 3 equiv of benzylamine in THF
a 5:1 mixture ofN-benzylbenzamide, the product of acyl
transfer, and benzamide, the product of amidinyl transfer,
respectively, was formed withi2 h at 23°C. Amidinyl transfer

o

BnNH,, THF
Z~,-R 2 Bn. R
NZN =< NH,  + NAI}I )
R R

1 R=CH, R=CHz typ~8h

2 R=iPr R=#Pr t,~8d

o o
BnNH,, Et,0

Sc(OTf)z (10 mol%) ®

23°C,5h
95%

LiPr H P
NN NHBn o+ ONENTT
FPr Epr

was completely suppressed wh2mvas used as the substrate,
in an otherwise identical transformation, but the reaction
requirel 3 d toachieve complete conversion at 23. Use of
ether as the solvent rather than THF led to a significant increase
in the rate of the latter reaction, and a high selectivity for acyl
transfer was maintained. Thus, treatmen2 ofith benzylamine

(9) Titanium isopropoxide, titanium tetra(dimethylamide), tris(dimethylamido)-
aluminum(lll) dimer, ytterbium triflate, and zinc chloride were ineffective
or were substantially less active than scandium triflate in promoting the
transamidation oN,N-dialkyl-N'-acylformamidines with benzylamine as
the nucleophile at 23C.
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Table 1. Transamidation Using DIF-DMA as the Activator and Table 2. Transamidation Using DIF-DMA as the Activator and
Scandium Triflate as the Lewis Acid Additive, Representative Zirconium Chloride as the Lewis Acid Additive¢
Examples?
CHSOYOCHs Ho _R?
CHz0.__OCH,3 H 2 N
h ~n-R o} pr-NNip o} ¥ o}
0 o NS, o s o Jooo P i | —— o R
P LU T CLLC L R” "NH, 5AMS R™ NN 70l 23°c R~ N
R™ "NHz o0, 23°c BT N° N E0,23°C RN CH,Cly, 23 °C iPr 1h R
2-4h FPr 5h R 2-4h
Entry Substrate Amine Product Yield Entry Substrate Amine Product Yield
0o 0 ] o]
1 Ph)J\NHz HoN""Ph Ph)J\H/\Ph 92% 1 Ph)LNHz HoN""Ph Ph)LH/\Ph 93%
o} o} o CHj O CHs
A Py N A cHs Ph)LH)\/CHa oo,

2 Ph” “NH, HI\D Ph D 92% 2 Ph™ “NH HzN

o) o o o}
BocHN BocHN Ho
3 \:)J\NHZ HD \)J\D 90% 3 Ph)LNHz N"Ph Ph)LN/\F‘h 94%*

Ph ph CHs CH
0 o) i i
4 o7 }\—NHZ H,N""Ph o7 }\—HAPh 97% 4 Ph)LNHZ H‘I}J’OCHa Ph)J\l}l'OCHB 87%P
Heiz}:\o‘\.Q‘o oh, H3C+o\\_ /ok on o CHs OCH3
Ay HoC Caw L PN \
3 5 5 Ph” ~NH, HNTY PN 87%
_o o
aReactions employed 2.5 equiv of amine and 10 mol % scandium triflate. o o
Reported yields are for chromatographically purified products of the two- 4 Ph)LNHz HN Ph)j\N 66%
step sequence shown. Q Q
(2 equiv) in the presence of scandium triflate (10 mol %) in 0 o
ether at 23C for 5 h afforded\-benzylbenzamide in 95% yield 7 :ﬁz)\NHQ HoN"">Ph :32 H/\Ph 91%
after aqueous workup and flash-column chromatography (eq 5). ®7 CHy % CHy
These conditions proved to be effective for other transamidations % 0
as well, as illustrated by the representative examples shown in s BOCHN\;)LNHZ M ph BOCHN\;)LN/\Ph 94%3
Table 1. Briefly, both aliphatic and aromatid'-acyl-N,N- :\Ph CHs :\PhéHa
diisopropylformamidines proved to be viable substrates, but with o o
the exception of pyrrolidine, only primary amines were effective o] o] /[
as nucleophiles. In a series of control experiments (not detailed), BOCHN_QLNHz HN" > CO,tBu BOCHN\_)J\N CO,tBU 92%
we established that the partially condensed orthoamide inter- E\Ph E\PhH
mediate discussed above (the bracketed structure in eq 3) served
as a catalyst poison, necessitating that Kecyl-N,N-diiso- o 9 R o 2 R
propylformamidine intermediates be purified by flash-column 10 \HLNHz H,N™ “Ph \HLQ Ph 76%*
chromatography prior to the transamidation. This requirement OH OH

effectively made the method described a two-step process, albeit . ) ) ) .
f hiah efficienc Reaction employed 2.5 equiv of amlrh_dReactlon employed 3.0 equiv
one ot hig Y. o ~ of amine.c Unless otherwise noted, reactions employed 2 equiv of amine
A one-flask procedure for transamidation, not requiring and 0.5 equiv of zirconium chloride (as a 0.7 M solution in acetonitrile).
chromatographic purification of th'-acyl-N,N-dialkylforma- Reported yields are for chromatographically purified products.

midine intermedi_ate, was 6?'50 deve_loped. This pr_ocedgre described above, both aliphatic and aromatic primary amides
employs 1/2 equiv of zirconium chloride as the Lewis acid were effective substrates. Both hindered primary amide sub-
additive (stored and dispensed as a 0.7 M solution in acetonitrile) g, ¢o.c (entries 7, Tables 2 and 3) and hindered amine nucleo-
andis effective Wi.th botIN'-acyI-N,_N_-diisopropylformamidines . philes (e.g., entry 9 Table 2, and entry 6, Table 3) were observed
andN -a_cyl-l_\l,N-dlmethylformam|d|nes as subst_rates. In th|s_ to react efficiently using zirconium chloride as the promoter.
transamidation procedure, a primary carboxamide substrate ISAlso. with zirconium chioride as the promoter a number of
f';St aActlve:ted \lN'th .DIF'DMA dor DNtI)F'dDMbA (in the dE)t’Leserllce transamidations of primary amides with secondary amines were
of 5 \ molecular SIeves, as descrnbec a qve) andvnacyl- observed to proceed efficiently (entries-@ and 8, Table 2,
N,N-dialkylformamidine intermediate that is formeaithout and entries 24, Table 3). Among tertiary amide products
isolation—is treated sequentially with-23 equiv of an amine formed in this way were the synthetically useHmethoxy-

and 0.5 equiv of zirconium chloride. Transamidations are N-methyl (Weinreb) amidé8 (entry 4, Table 2, and entry 3

pr;callc)j/ gomplete withn 1 h akt 23°C. Th; amld%productgfgrg b Table 3) and morpholino amidégentry 5, Table 2, and entry
Isolated by an aqueous workup procedure and are puriiied by - 1op)e 3). This stands in contrast to results of experiments
flash-column chromatography on silica gel. Representative
examples using DIF-DMA for primary amide activation are (10) Nahm, S.; Weinreb, S. Mietrahedron Lett1981, 22, 3815.

shown in Table 2, and examples using DMFE-DMA for activation (11) (a) Martn, R.; Romea, P.; Tey, UtpF.; Vilarrasa, JSynlett1997 1414.

. ! . X (b) Douat, C.; Heitz, A.; Martinez, J.; Fehrentz, J.-Petrahedron Lett.
are shown in Table 3. As in the scandium triflate procedure 200Q 41, 37.
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Table 3. Transamidation Using DMF-DMA as Activator and
Zirconium Chloride as Lewis Acid Additive®

CHyO-__OCHj H. R
) W
Q CHy™ “CHy Q R Q
N WMo~ or| —— = M re
R™ "NH, 5A MS R™ NN zcl, 23°C R '}‘1
GH,Cl,, 40 °C CHy 1h R
3-5h
Entry Substrate Amine Product Yield
o o
BocHN BocHN
1 o \:)J\NHQ HN""Ph ¢ \:)J\H/\Ph 94%
“Ph “Ph
o} o
H
2 BOCHN\:)J\NH2 “NTPh BOCHN\;)LN/\Ph 91%b
Sph ChHs SppCts
o} o
BocHN H. _OCH BocHN LOCH
, s A, oo wen Lo
3 CH . CH
Ph 3 Sph
o} o
BocHN BocHN
4 \;)J\NH2 HNY © \)J\N/\ 86%°
ph © Spp O
i, O e
BocHN BocHN
5 °F \:)J\NHZ) HoN c \)J\H 79%
“Ph “Ph
Ph Ph
i g i
BocHN BocHN
6 -° \:)J\NHQ HoN" NCO,CHy \)J\H CO,CHs  95%
“Ph Ph
o) o
H H
7 Hag})km-«2 H,N""Ph Hﬁ%u/\Ph 63%
%~ CH, %~ CHs

aReaction employed 2.5 equiv of amirfeReaction employed 3.0 equiv
of amine.¢ Unless otherwise noted, reactions employed 2 equiv of amine
and 0.5 equiv of zirconium chloride (as a 0.7 M solution in acetonitrile).
Reported yields are for chromatographically purified products.

with scandium triflate as the catalyst, where pyrrolidine was

nucleophiles (cf. entries-36, Table 2). A number of dipeptide
derivatives were formed in high yields by zirconium chloride
promoted transamidation, without detectable epimerization.
These transamidations revealed that the acid-laeitebutoxy-
carbonyl amide andert-butyl ester groups were not affected
under the reaction conditions (enties 8 and 9, Table 2, and entry
6, Table 3). In one case (mandelamide, entry 10, Table 2), we
observed a successful transamidation in the presence of a free
hydroxyl group, using DIF-DMA as the activat&t For most
primary carboxamide substrates, zirconium chloride promoted
transamidations were equivalent using either DMF-DMA or
DIF-DMA for activation, although more hindered substrates
such as pivalamide reacted more efficiently using DIF-DMA
(cf., entries 7, Tables 2 and 3).

Conclusions

In summary, we have described two mild and efficient
protocols for the transamidation of primary carboxamides. Both
involve primary amide activation witiN,N-dialkylformamide
dimethyl acetals, forming\'-acyl-N,N-dialkylformamidine in-
termediates. The latter intermediates can be subjected to
transamidation directly, without purification, using zirconium
chloride as a promoter (0.5 equiv) or, after purification by flash-
column chromatography, using scandium triflate (0.10 equiv)
as a catalyst. The procedure using scandium triflate offers the
advantage of lower catalyst (promoter) loadings, whereas the
procedure using zirconium chloride is more generally effective
and is operationally simpler, effectively a one-flask transami-
dation protocol.
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the only secondary amine that could be used successfully asJA066728I

the nucleophile (entries 2 and 3, Table 1). In this regard the
two procedures are complementary, for zirconium chloride
promoted transamidations using pyrrolidine as the nucleophile

were less efficient than those using other secondary amines as

(12) AlthoughN'-mandeloyIN,N-dimethylformamidine was formed cleanly using
DMF-DMA as the activator and mandelamide as the substrate, attempts to
achieve a subsequent transamidation with this intermediate were not
successful, we speculate because of reaction (cyclization) with the free
hydroxyl group.
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