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Abstract

In this report, we describe a palladium-catalyzed redox relay Heck process to access optically
active alkenylated a,B-unsaturated lactams. Under mild reaction conditions, electron-deficient
alkenyl triflates and electron-rich alkenyl iodonium salts undergo enantioselective and site-
selective coupling with enelactams to deliver the products in high yields and excellent
enantioselectivities. Furthermore, the products allow facile access to natural products such as (+)-
Calvine and (+)-2-Epicalvine in addition to the bioactive molecule aza-Goniothalamin.

Graphical Abstract

Two types of alkenes were installed via palladium-catalyzed enantioselective alkenylation of
enelactams using a relay Heck strategy. Under the mild reaction conditions, both electron-deficient
and electron-rich alkenyl electrophiles work well for the reaction delivering 6-alkenyl substituted
a,B-unsaturated &-lactams.
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Many biologically active compounds and natural products contain the lactam structural
motif, which has therefore been used as a privileged structural subunit for the design of
several pharmaceutical agents.[2:2] In addition, highly functionalized &-lactams also serve as
valuable building blocks for the synthesis of complex molecules due to their latent reactivity
and the range of highly selective transformations they can undergo.[3] As a specific subclass
of these building blocks, alkenyl substituted §-lactams and piperidines are important
intermediates in organic synthesis due to the presence of the alkenyl moiety in many 6-
lactams of interest (Scheme 1a).[45] Many methods have been developed for installing
alkenyl units enantioselectively using transition metal catalysis®7:8:9:10] and
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organocatalysis.[11] However, many of these methods are not capable of installing a wide
variety of different types of alkenyl groups using a singular strategy on a heterocyclic ring
structure.[2] Herein we report a palladium-catalyzed enantioselective relay Heck
alkenylation of enelactams with both electron-rich and electron-deficient alkenyl
electrophiles to deliver 6-alkenyl substituted a.,B-unsaturated 6-lactams that are amenable
for further functionalization.

Recently, our group developed an enantioselective arylation reaction of enelactams to
produce a,B-unsaturated &-lactams (Scheme 1b); however, alkenyl transfer was not possible
under these conditions and the derivatization of the aryl group is limited. [23] We wanted to
solve the inability to alkenylate the enelactam by employing a similar strategy[4] as the
resulting lactam products would be of greater interest due to the two distinct alkenes present
in the product (Scheme 1c). Our previously reported Heck alkenylations are limited to
acyclic substrates,[5] and electron-rich alkenyl electrophiles are only suitable for
trisubstituted alkenols due to unselective p-hydride elimination (which is avoided through
the formation of a quaternary stereocenter).[150] These limitations should be circumvented
through the use of a cyclic substrate as has been previously reported[1?] as g-hydride
elimination requires a hydrogen synto palladium and therefore can only occur away from
the newly formed stereocenter in the proposed process (A, Scheme 1d). Additionally,
following B-hydride elimination, the resultant Pd-hydride could dissociate from intermediate
B to deliver B,y-unsaturated 6-lactam C or reinsert to ultimately lead to the desired a,,p-
unsaturated &-lactam (3).[13]

After optimizing the reaction conditions (Table 1, entry 1, see the supporting information for
the detailed information) the effect of the nitrogen substituent of the enelactam was then
evaluated. Enelactam substrates bearing benzyl, 1-naphthylmethyl, PMB (4-methoxybenzyl)
and DMPM (2,4-dimethoxybenzyl) groups all gave the corresponding products (3a—3d) in
excellent yields and enantioselectivities. Use of a methyl-protected enelactam furnished
product 3e with slightly lower yield (81%) and enantioselectivity (95:5 er). In addition, an
unprotected enelactam (2f) successfully formed product 3f, albeit in a modest yield, while
Boc-protected enelactam (2g) delivered product 3g in 77% yield. Products were accessed in
uniformly high enantioselectivity.

Next, a number of electron-deficient alkenyl triflates were examined under the reaction
conditions with benzyl-protected enelactam 2a. A tetrasubstituted cyclohexenone triflate
bearing a bromide generated the corresponding product (3h) in 62% yield and 95.5:4.5 er.
Cyclic five- and six-membered-ring alkenyl triflates delivered products 3i and 3j in good
yields and high enantiomeric ratios. Additionally, exo-cyclic alkenyl triflate 1k furnished
product 3k in 92% yield with a 94:6 enantiomeric ratio. A dihydrobenzofuran-derived
alkenyl triflate delivered product 3l in 72% yield and 96:4 enantiomeric ratio. Lastly, acyclic
electron-deficient alkenyl triflates with methyl, benzyl, and remote phthalimide substitution
generated the corresponding products 3m-3o in excellent yields and high enantiomeric
ratios. It should be noted that no B,y-unsaturated &-lactams were observed in the reaction
mixtures suggesting that the Pd-hydride does not dissociate from the alkene (Scheme 1).
Additionally, the absolute configuration of product 3b was determined to be (/) using X-ray
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single crystal diffraction,[16] which is in agreement with our previously reported Heck
arylation of enelactams.[13] All other products were assigned by analogy to product 3b.

The efficient derivatization of medium-sized rings in an enantioselective fashion is an
important and challenging task in organic synthesis.[17] To expand the scope of this relay
Heck alkenylation, seven-membered enelactam 4 was also evaluated, resulting in 7-alkenyl
substituted a.,p-unsaturated e-lactams 5 (Table 2). Compared with the six-membered-ring
enelactams, diminished reactivity was observed with the larger ring size. As a consequence,
the catalyst loading was increased to 10 mol % and five equivalents of enelactam 4 were
necessary. Importantly, unreacted enelactam could be recovered. Under the modified
reaction conditions, triflate 1a and benzyl-protected enelactam 4a furnished product 5a in
46% yield and >99:1 er. Modification of the benzyl protecting group to a PMB group
resulted in a similar yield and enantioselectivity (5b). Lastly, an exo-cyclic alkenyl triflate
delivered the corresponding product (5¢) in 54% yield and >99:1 er.

To further expand the diversity of products that can be accessed using this methodology,
electron-rich alkenyl electrophiles were also tested under the reaction conditions. As
discussed in the introduction, the use of electron-rich alkenyl electrophiles in relay Heck
reactions has traditionally been challenging. An alkenyl boronic acid was first tested in the
reaction with enelactam 2a. Use of ligands L 1 and L 2 again resulted in similar yields and
enantiomeric ratios (Table 3, entries 1 and 2). An alkeny!| triflate delivered the desired
product in 60% yield with 75:25 er (entry 3). An alkenyl iodonium salt was also tested in the
reaction, and after evaluating a variety of palladium sources the product was obtained in
moderate yields and enantiomeric ratios (entries 4 and 5). Switching to a Boc-protected
enelactam (2g) led to higher enantiomeric ratios (entries 6 and 7). Selecting a BF, iodonium
salt and adjusting the equivalents of enelactam and the iodonium salt resulted in a slight
boost in yield and selectivity (entries 8 and 9). Finally, changing the solvent to MeCN
resulted in a 64% yield and 93:7 er (entry 10).

The scope of the alkenyl electrophiles was evaluated using the optimal iodonium salt and the
Boc-protected enelactam (Table 4). A variety of substituted styrenyl iodonium
tetrafluoroborate salts were examined. Electrophiles with an unsubstituted arene (7a) as well
as a para-methyl group on the arene (7b) gave the desired product in moderate yield and
enantioselectivity, whereas the para-fluoro variant (7c) produced the product in 52% vyield
and 80:20 er. Simple alkyl-substituted alkenyl iodonium salts could furnish the desired
product with good enantioselectivity under the optimized reaction conditions, however with
concomitant deprotection of the Boc group as a major by-product. To solve this problem, a
mixed solvent system (DMF + MeCN) was introduced and the precatalyst was altered to
Pd(MeCN),(OTs), resulting in desired product 7d in 54% yield with 94:6 er with no
undesired deprotection. Larger alkyl-substituted substrates such as p-fertbutyl and -
cyclohexyl substituted alkenyl iodonium salt delivered the corresponding products 7e and 7f
in 51% and 63% yield, respectively, and improved enantioselectivity. The p-benzyl
substituted reagent produced product 7g in 59% yield and 90:10 enantiomeric ratio. Alkeny!l
iodonium salts bearing a remotely positioned chloride or a longer alkyl-substituted substrate
gave products 7h and 7i in moderate yields and good enantiomeric ratios. It is important to
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note that alkenyl triflates are proposed to react through a Pd(0)/Pd(lI1) catalytic cycle, while a
Pd(11)/Pd(IV) catalytic cycle could not be excluded for the alkenyl iodonium salts.[141:18]

These 6-alkenyl substituted a.,f-unsaturated &-lactams are amenable to several selective
functional group transformations as demonstrated in Scheme 2. For example, product 3j was
selectively reduced to deliver lactam 8 in near quantitative yield with no erosion of
enantioselectivity (Scheme 2a). Ester 3j can also be reduced to alcohol 9 using DIBAL-H.
Furthermore, product 7d was easily transformed to unprotected lactam 10 via hydrogenation
followed by acid mediated Boc-deprotection (Scheme 2b). Lactam 10 can then be used for
the synthesis of natural products (+)-Calvine and (+)-2-Epicalvine following known
procedures.[191 The bioactive molecule aza-Goniothalamin was synthesized using this
methodology followed by deprotection of 7a (Scheme 2c). Diastereoselective conjugate
addition followed by a Boc-deprotection/LiAlIH,4 reduction sequence can be implemented to
access 2,4-disubstituted piperidines (13) in excellent diastereomeric ratio (Scheme 2d).

In summary, we have reported a new method to synthesize enantiomerically enriched 6-
alkenyl substituted a.,p-unsaturated &-lactams via a palladium-catalyzed relay Heck reaction.
Both electron-deficient and electron-rich alkenyl electrophiles are successfully applied in the
reaction, electron-deficient alkenyl triflates delivering the corresponding products in
excellent yields and enantiomeric ratios, and electron-rich alkenyl iodonium salts giving the
corresponding products in moderate yields and good enantiomeric ratios. These products can
easily be transformed into key intermediates for the synthesis of several natural products as
exemplified by the routes to (+)-Calvine and (+)-2-Epicalvine and bioactive molecule aza-
Goniothalamin.
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Acknowledgements

Q.Y. acknowledges Shanghai Jiao Tong University for a postdoctoral fellowship. The work was supported by
National Institute of Health (NIGMS RO1GMO063540).

References

[1] . Biologically active compounds:a)Breinlinger EC, Cox PB, Daanen J, Dietrich J, Djuric S,
Dombrowski AW, Frank KE, Friedman MM, Gomtsyan A, Li H-Q, Longenecker K, Osuma A,
Rowley AM, Schmidt R, Vasudevan A, Wilson N, Tricyclic Modulators of TNF Signaling,
WO0168641, 2016;b)Fernandes R, Amador P, Prudéncio C, Rev. Med. Microbiol. 2013, 24,
7;c)Janecka A, Wyrebska A, Gach K, Fichna J, Janecki T, Drug Discov. Today 2012, 17, 561;
[PubMed: 22309965] d)Horrocks P, Fallon S, Denman L, Devine O, Duffy LJ, Harper A,
Meredith E-L, Hasenkamp S, Sidaway A, Monnery D, Phillips TR, Allin SM, Bioorg. Med.
Chem. Lett. 2012, 22, 1770; [PubMed: 22264480] e)Liu H, He X, Phillips D, Zhu X, Yang K,
Lau T, Wu B, Xie Y, Nguyen TN, Wang X, Compounds and Compositions as Inhibitors of
Cannabinoid Receptor 1 Activity, W02008076754, 2008;f)Wood MR, Gallicchio SN, Selnick
HG, Zartman CB, Bell IM, Stump CA, Substituted Monocyclic CGRP Receptor Antagonists,
US0265225, 2007;g)Chauhan D, Catley L, Li G, Podar K, Hideshima T, Velankar M, Mitsiades
C, Mitsiades N, Yasui H, Letai A, Ovaa H, Berkers C, Nicholson B, Chao T-H, Neuteboom STC,
Richardson P, Palladino MA, Anderson KC, Cancer Cell 2005, 8, 407; [PubMed: 16286248]

Chemistry. Author manuscript; available in PMC 2019 September 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yuan and Sigman

Page 5

h)Newhouse B, Allen S, Fauber B, Anderson AS, Eary CT, Hansen JD, Schiro J, Gaudino JJ,
Laird E, Chantry D, Eberhardt C, Burgess LE, Bioorg. Med. Chem. Lett. 2004, 14, 5537;
[PubMed: 15482919] i)Reichard GA, Paliwal S, Shih N-Y, Xiao D, Tsui H-C, Shah S, Wang C,
Wrobleski ML, NK1 Antagonists, WO042173, 2003;j)Evans BE, Gilbert KF, Lactam and Cyclic
Urea Derivatives Useful as Alpha 1a Adrenoceptor Antagonists, GB2355263, 2001.

[2]. Natural products:a)Shen D-Y, Nguyen TN, Wu S-J, Shiao Y-J, Hung H-Y, Kuo P-C, Kuo D-H,
Thang TD, Wu T-S, J. Nat. Prod. 2015, 78, 2521; [PubMed: 26523463] b)Tan SWB, Chai CLL,
Moloney MG, Thompson AL, J. Org. Chem. 2015, 80, 2661; [PubMed: 25647715] c)Pilli RA,
Rosso GB, de Oliveira MCF, Nat. Prod. Rep. 2010, 27, 1908; [PubMed: 21042634] d)Nay B,
Riache N, Evanno L, Nat. Prod. Rep. 2009, 26, 1044; [PubMed: 19636449] e)Corey EJ, Li W-
DZ, Chem. Pharm. Bull. 1999, 47, 1. [PubMed: 9987821]

[3]. a)Morales-Chamorro M, Meza-Gonzalez J, Cordero-Vargas A, Tetrahedron Lett. 2015, 56,
4892;b)Chou S-SP, Chiang S-L, Huang G-L, Chiang B-S, Yu Y-C, Tetrahedron 2013, 69,
274;c)Allen CE, Chow CL, Caldwell JJ, Westwood IM, van Montfort RLM, Collins I, Bioorg.
Med. Chem. 2013, 21, 5707; [PubMed: 23920481] d)Lv J, Li J, Zhang-Negrerie D, Shang S, Gao
Q, Du 'Y, Zhao K, Org. Biomol. Chem. 2013, 11, 1929; [PubMed: 23411491] e)Ruan S-T, Luo J-
M, Du Y, Huang P-Q, Org. Lett. 2011, 13, 4938; [PubMed: 21854016] f)Chou S-SP, Chung Y-C,
Chen P-A, Chiang S-L, Wu C-J, J. Org. Chem. 2011, 76, 692; [PubMed: 21162589] g)Sancibrao
P, Karila D, Kouklovsky C, Vincent G, J. Org. Chem. 2010, 75, 4333; [PubMed: 20504007]
h)Kim M, Park Y, Jeong B-S, Park H, Jew S, Org. Lett. 2010, 12, 2826; [PubMed: 20499863]
i)Nomura H, Richards CJ, Org. Lett. 2009, 11, 2892; [PubMed: 19480434] j)Huang P-Q, Liu L-
X, Wei B-G, Ruan Y-P, Org. Lett. 2003, 5, 1927; [PubMed: 12762688] k)Park SH, Kang HJ, Ko
S, Park S, Chang S, Tetrahedron: Asymmetry 2001, 12, 2621;1)Davis FA, Chao B, Fang T,
Szewczyk JM, Org. Lett. 2000, 2, 1041. [PubMed: 10804549]

[4]. a)Remy R, Bochet CG, Chem. Rev. 2016, 116, 9816; [PubMed: 27340900] b)Saini V, Stokes BJ,
Sigman MS, Angew. Chem. Int. Ed. 2013, 52, 11206; Angew. Chem. 2013, 125,
11414;c)McDonald R, Liu G, Stahl SS, Chem. Rev. 2011, 111, 2981; [PubMed: 21428440]
d)Willis MC, Chem. Rev. 2010, 110, 725; [PubMed: 19873977] e)Saklani A, Kutty SK, Drug
Discov. Today 2008, 13, 161; [PubMed: 18275914] f)Nicolaou KC, Synder SA, Classics in Total
Synthesis Il More Targets, Strategies, Methods; Wiley-VCH: Weinheim, 2003.

[5]. a)Kankala S, Kankala RK, Balaboina R, Thirukovela NS, Vadde R, Vasam CS, Bioorg. Med.
Chem. Lett. 2014, 24, 1180; [PubMed: 24447851] b)Barcelos RC, Pastre JC, Caixeta V,
Vendramini-Costa DB, de Carvalho JE, Pilli RA, Bioorg. Med. Chem. 2012, 20, 3635. [PubMed:
22537680]

[6]. Selected reviews about asymmetric allylic substitutions:a)Cheng Q, Tu H-F, Zheng C, Qu J-P,
Helmchen G, You S-L, Chem. Rev. 2019, 119, 1855; [PubMed: 30582688] b)Butt N, Zhang W,
Chem. Soc. Rev. 2015, 44, 7929. [PubMed: 26293479]

[7]. Nie S-Z, Davison RT, Dong VY, J. Am. Chem. Soc. 2018, 140, 16450 and references therein.
[PubMed: 30451496]

[8]. Selected reviews:a)Hayashi T, Yamasaki K, Chem. Rev. 2003, 103, 2829; [PubMed: 12914482]
b)Jiao N, Ye L-W, Ma S-M, Chin. J. Org. Chem. 2004, 5, 472.

[9]. Ai W, Zhong R, Liu X, Liu Q, Chem. Rev. 2019, 119, 2876. [PubMed: 30565455]

[10]. a)Ma X, Hazelden IR, Langer T, Munday RH, Bower JF. J. Am. Chem. Soc. 2019, 141, 3356.
[PubMed: 30775918] b)Kou X, Shao Q,, Ye C, Yang G, Zhang W. J. Am. Chem. Soc. 2018, 140,
7587; [PubMed: 29804449] c)Weinstein AB, Stahl SS, Angew. Chem. Int. Ed. 2012, 51, 11505;
Angew. Chem. 2012, 124, 11673.

[11]. Chen J-R, Hu X-Q, Lu L-Q, Xiao W-J, Chem. Rev. 2015, 115, 5301. [PubMed: 25992465]

[12]. a)Quan M, Wang X, Wu L, Gridnev ID, Yang G, Zhang W, Nature Commun. 2018, 9, 2258;
[PubMed: 29884893] b)Yang Z, Zhou J, J. Am. Chem. Soc. 2012, 134, 11833; [PubMed:
22746254] c)Kaukoranta P, Kallstrom K, Andersson PG, Adv. Synth. Catal. 2007, 349,
2595;d)Gilbertson SR, Fu Z, Org. Lett. 2001, 3, 161; [PubMed: 11430024] e)Gilberson SR,
Genov DG, Rheingold AL, Org. Lett. 2000, 2, 2885; [PubMed: 10964390] f)Loiseleur O, Meier
P, Pfaltz A, Angew. Chem. Int. Ed. Engl. 1996, 35, 200; Angew. Chem. 1996, 108, 218.

[13]. Yuan Q, Sigman MS, J. Am. Chem. Soc. 2018, 140, 6527. [PubMed: 29746119]

Chemistry. Author manuscript; available in PMC 2019 September 06.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yuan and Sigman

[14].

[15].

[16].

[17].

[18].
[19].

Page 6

a)Werner EW, Mei T-S, Burckle AJ, Sigman MS, Science 2012, 338, 1455; [PubMed: 23239733]
b)Mei T-S, Werner EW, Burckle AJ, Sigman MS, J. Am. Chem. Soc. 2013, 135, 6830; [PubMed:
23607624] c)Mei T-S, Patel HH, Sigman MS, Nature 2014, 508, 340; [PubMed: 24717439] d)Xu
L, Hilton MJ, Zhang X, Norrby P-O, Wu Y-D, Sigman MS, Wiest O, J. Am. Chem. Soc. 2014,
136, 1960; [PubMed: 24410393] e)Zhang C, Santiago CB, Kou L, Sigman MS, J. Am. Chem.
Soc. 2015, 137, 7290; [PubMed: 26030059] f)Zhang C, Santiago CB, Crawford JM, Sigman MS,
J. Am. Chem. Soc. 2015, 137, 15668; [PubMed: 26624236] g)Chen Z-M, Hilton MJ, Sigman
MS, J. Am. Chem. Soc. 2016, 138, 11461; [PubMed: 27571167] h)Race NJ, Schwalm CS,
Nakamuro T, Sigman MS, J. Am. Chem. Soc. 2016, 138, 15881; [PubMed: 27960316] i)Chen Z-
M, Nervig CS, Deluca RJ, Sigman MS, Angew. Chem. Int. Ed. 2017, 56, 6651; Angew. Chem.
2017, 129, 6751.

a)Patel HH, Sigman MS, J. Am. Chem. Soc. 2015, 137, 3462; [PubMed: 25738548] b)Patel HH,
Sigman MS, J. Am. Chem. Soc. 2016, 138, 14226; [PubMed: 27768842] c)Zhang C, Tutkowski
B, Deluca RJ, Joyce LA, Wiest O, Sigman MS, Chem. Sci. 2017, 8, 2277; [PubMed: 28435657]
d)Patel HH, Prater MB, Squire SO, Sigman MS, J. Am. Chem. Soc. 2018, 140, 5895. [PubMed:
29665329]

The absolute configuration of 3b was established by the X-ray diffraction analysis (CCDC
1891433).

a)Wei Y, Liu S, Li M-M, Li Y, Lan Y, Lu L-Q, Xiao W-J, J. Am. Chem. Soc. 2019, 141, 133 and
reference therein; [PubMed: 30540187] b)Barbazanges M, Meyer C, Cossy J, Turner P, Chem.
Eur. J. 2011, 17, 4480; [PubMed: 21337437] c)Yet L, Chem. Rev. 2000, 100, 2963; [PubMed:
11749312] d)Mehta G, Singh V, Chem. Rev. 1999, 99, 881; [PubMed: 11749434] e)Molander
GA, Acc. Chem. Res. 1998, 31, 603.

Aydin J, Larsson JM, Selander N, Szabh6 KJ, Org. Lett. 2009, 11, 2852. [PubMed: 19476374]
a)Radulovi¢ N, Bordevi¢ N, Deni¢ M, Pinheiro MMG, Fernandes PD, Boylan F, Food Chem.
Toxicol. 2012, 50, 274; [PubMed: 22063758] b)Laurent P, Brackman J-C, Daloze D, Eur. J. Org.
Chem. 2000, 2057.

Chemistry. Author manuscript; available in PMC 2019 September 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Yuan and Sigman

Page 7

a) Examples of bicactive alkene-lactams and natural pippridine alkene-alkaloids

b /\/(1"11
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| Pd{ll¥PyrO
(Nk +  Ar=B(OH), —olFVOX

_ZD
24

PG
2 1
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Scheme 1.
[a] Examples of bioactive molecules and natural products. [b] Previously reported arylation

of enelactams. [c] Proposed strategy for alkenylation of enelactams. [d] Key mechanistic
steps.
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a) Selective reductions

OH
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96:4 er 96:4 er
b) Synthesis of (+)-Calvine and (+)-2-Epicalvine
=
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89% yield (2 steps) cis (+)-Calvine
94:6 er trans (+).2-Epicalvine
c) Synthesis of aza-Goniothalamin
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7a aza-Goniothalamin
95% yield, 92:8 er
d) Synthesis of 2 4-disubstituted piperidine
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Scheme 2.
Product derivatization.
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Table 1.

Scope of Enelactams with Various Protecting Group and Alkenyl Triflates (4

L~ OTf
] + Pdy(dba)s (5 Mol %) _
X R N LZ (12 mol %) =
PG
1 2

THF, 3A Ms, 1t
24-48 h
=
é N
weEn Mel'—‘MB
3c
91% ield 89% :abd 95% yield
arder 964 er
B = \
N fT' M
|
MeﬂJMPM vele e
3d Je 3f
96% yield 81% yield 64% yiald
96.5:35er 955 er 94555er
= =
MeO,C =
N N N
Meéoc Brén Bn
g 3hivl )
89%
??% |e!d 62% yield o l;!d
955459r
EtO,C MeO,C =
N
Bn
Me Bn = J
31"’] 3l
T8% yield 92% ield 72% yield
964 er " %
EtOzC Et0,C = Et0,C =
N Xy N
Me Bn h Me Bn  PhthN Me Bn
94% ield 93% yield 87% yield
937 er 94:6 er 95.5:4.5 er

[a]
Isolated yield. The er values were determined by SFC equipped with a chiral column.
LA

= 2,4-dimethoxybenzyl. Boc = fert-butyloxy carbonyl.
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The reaction was conducted with 1 (0.2 mmol), 2 (0.3 mmol) in the presence of Pd2(dba)3 (5 mol %), ligand (12 mol %) in THF (1.0 mL).

1 (0.2 mmol) and 2a (0.4 mmol) were used in the presence of Pd2(dba)3 (10 mol %) and ligand (24 mol %). PMB = 4-methoxybenzyl. DMPM
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Table 2.

Substrate Scope of Seven-Membered Enelactams 2]

B JOT
¢ + 4 Pd,(dba)s (10 Mol %)
X | R N Lz (24 mol o) o

THF, 3A MS, rt, 72 h
PG

1 4
\ N\ oL \
N N
{ O 1 O 3 N
Bn PMB
Me Me Me |5MBO
e 5a Q 5b 5c
46% vield 52 % yield 54% vield
>99:1 er =99:1 er >99:1 er

[a]The reaction was conducted with 1 (0.2 mmol), 4 (1.0 mmol) in the presence Pd2(dba)3 (10 mol %), ligand (24 mol %) in THF (1.0 mL).

Isolated yield. The er values were determined by SFC.
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Table 3.

%*PN

PG

Pd catalyst
L2

3AMS DMF, 1t

’./\/[1)
Ph N

PG

2 6

Entr Alkenyl Palladium . h

Y sourc)é salt vield® Erl

1.9 Ph/\/ B(OH)z2 Pd(CHZCN),(OTs), 26 72:28

NG| Ph/‘\\/B(OH)z Pd(CHZCN),(OTs), 20 75:25

i OTf Pd,dbag CHClg 60 75:25

’ PN~

29 oTf Pd,dbag-CHCl5 77 79:21
P N

514 OTf Pd(CHZCN),(OTs), 55 80:20
P X" NAr

6% 8 OTf Pd(CH3CN),(OTs), 49 85:15
P "N

710 Cl)Tf Pd(TFA), 47 88:12
P "N

gda BF, Pd(TFA), 41 90:10
P N NAr

o€ f BF, Pd(TFA), 53 90:10
P " Nr

101879 BF, Pd(TFA), 64 93:7
PN NAr
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Pd catalyst
| 0z”

+ e -
N ph X 3AMS. DMF. it Phoy

2 6
Entry Alkenyl Palladium
source salt

fal
],

1 was used as the ligand.
[0]1:3 of enelactam and boronic acid under an oxygen atmosphere.
[dJZ:
[,
1,

o

MeCN was used as the solvent.

m

1 of enelactam and 6.
g was used.

:1 of enelactam and 6.

solated yield.
.
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The reaction was conducted on a 0.1 mmol scale (2a) in the presence of Pd (10 mol %), ligand (12 mol %) in DMF at room temperature.

The er values were determined by SFC equipped with a chiral column.
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Table 4.

Substrate Scope of Alkenyl lodonium Salts ]

| BF, Eg(ll) (10 mol%) N(io
k 12 mol%
N F\’/‘\\/l\‘\r (12 mol%) - "

3 AMS, MeCN, rt

Boc 6 Boc
2g9 7
SN x B
X N XN o g
Boc G Boc = e
7a 7b 7c
72% yield 76% yield 52% yield
93:7 er 91:.9er 80:20 er
EN S R
= N = N S N
Boc Boc Boc
7dlb.c] Telbdl 7flb.cl
54% yield 51% yield 63% yield
94.6 er 955 er 946 er
= = S
Cl
"N "N "N
Boc Boc Boc
7giel 7hib.d] 7ilb.d)
59% yield 53% yield 61% yield
90:10 er 90:10 er 93:7 er
fal

temperature, 72 — 120 h.
[b]The solvent was a mixture of DMF and MeCN (0.2 mL + 0.2 mL).

[C]Pd(MeCN)z(OTs)z was used. Ar = 2-MePh.

Chemistry. Author manuscript; available in PMC 2019 September 06.

Reaction conditions: Pd(TFA)2 (10 mol %), L2 (12 mol %), 2g (1.0 mmol), 6 (0.2 mmol), 3A MS (300 mg/mmol) in 0.5 mL of MeCN, at room
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