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Two-step Catalytic Transformation of N-Benzyllactams to 

Alkaloids ()-Solenopsin, ()-Solenopsin A, and (+)-Julifloridine 

 

 Wei Ou,[a,b][‡] Guang-Sheng Lu,[a][‡] Dong An,[a] Feng Han,[a] and Pei-Qiang Huang*[a] 

Dedicated to the memory of the late Professor Michel Che for his contribution to catalysis.

Abstract: We report herein that the Ir and Cu(I) bis-metal catalyzed 

reductive alkynylation of amides, a method that we developed 

previously, can be extended to 6-, 7-, and 8-membered lactams. The 

catalytic reductive alkynylation of 6-methyl-2-piperidinones and its 3-

benzyloxy derivative proceeded with 2.3: 1 to 7: 1 2,6-trans/cis 

diastereoselectivities. The resulting piperidines were converted into 

alkaloids ()-solenopsin, ()-solenopsin A, and (+)-julifloridine all in 

only one step. This two-step approach to the alkaloids is much 

shorter and much efficient than the conventional multistep methods. 

2-Substituted, 2,6-disubstituted piperidines, and 2,6-
disubstituted 3-piperidinols constitute an important class of 
alkaloids[1,2] (cf. 1-6 in Figure 1). The key structural features also 
found in many structurally complex polycyclic alkaloids[1b,2h] and 
medicinal agents such as (+)-L-733,060 (7), which is a potent 
and selective nonpeptide antagonists of neurokinin-1 (NK-1) 
substance P receptor. The broad spectrum of bioactivities 
exhibited by these alkaloids rend them attracted targets for 
many synthetic groups, and a number of synthetic strategies and 
methods have been developed.[1-3] Among them, the conversion 
based on the reductive alkylation of amides/ lactams (Scheme 1, 
a) turned out to be indispensable for many approaches.[1-3] 
However, due to the high stability of amides/ lactams, until 
recent years,[3] most approaches relied on multistep methods 
(Scheme 1, a).[2] With the contex of developing efficient synthetic 
methodologies,[4] in the last decade, much efforts have been 
devoted to develop mild methods for the direct reductive 
alkylation of amides/ lactams, which resulted in a number of 
useful synthetic protocols.[5,6] The latest progress is undoubtedly 
the catalytic reductive alkylation/ functionalization.[7] Despite the 
exciting progress, the total synthesis of alkaloids based on the 
catalytic reductive alkylation of amides remains rare.[8] Recently, 
our group has developed an Ir and Cu sequential catalysis for 
the direct reductive alkynylation of amides (Scheme 1, b).[7c] 
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Figure 1. Representative 2-substituted, 2,6-disubstituted piperidine, and 2,6-
dialkyl-3-piperidinol alkaloids. 
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(Huang, 2016)[7c]
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Scheme 1. a. A key transformation in the synthesis of alkaloids and medicinal 
agents; b. Catalytic reductive alkynylation of tert-amides; c1. Reductive 
alkylation leading to cis-2,6-dialkylpiperidines; c2. This work. 

On the other hand, previously, we have disclosed the 
asymmetric synthesis of several piperidine alkaloids including (–
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)-cassine[6b] and (–)-morusimic acid D (4),[6e] two alkaloid 
possess a 2,6-cis-stereochemistry (Figure 1 and Scheme 1, c1). 
We envisaged that our bis-metal catalyzed reductive 
alkynylation method[7c] would provide an opportunity to establish 
a 2,6-trans-stereochemistry aound piperidine ring (Scheme 1, 
c2). We reported herein an extension of our method from tertiary 
amide to lactam substrates, which resulted in a direct, catalytic 
entrance to 2,6-trans-disubstituted piperidines (Scheme 1, c2), 
and the application of this methodology to the concise 
diastereoselective total synthesis of 2,6-trans-dialkylpiperidine 
alkaloids. 
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Scheme 2. Scope of the one-pot Ir- and Cu-catalyzed reductive alkynylation of 
lactams. [a] yield of isolated product. 

At the outset of our investigation, the catalytic reductive 
phenylethynylation of commercially available N-benzyl -lactam 
(8a) was examined. According to our previously established 
method,[7c] a toluene solution of N-benzyl -lactam (8a) was 
treated with 1 mol% of Vaska’s complex [IrCl(CO)(PPh3)2], 2.0 
equiv. of TMDS,[9] 1.2 equiv. of phenylethyne (9a), and 5 mol% 
of CuBr at 70 °C. As expected, the cyclic propargylic amine 10a 
was obtained in 76% yield (Scheme 2). Encouraged by this 
result, scope of the method was next examined and the results 
are summarized in Scheme 2. The reaction can be extended to 
seven membered and eight membered lactams 8c and 8d, 
which yielded 10b and 10c in 63% and 70% yields, respectively. 
To our surprise, the catalytic reductive alkynylation of N-benzyl 

-lactam (8e) gave the desired product 10d in a low yield even 
after many trials (for the complete list summarizing the results, 
see: Table S1 in the supporting information). The reductive 
phenylethynation of N-methyl -lactam (8b) proceeded smoothly 
to afford 10e in 78% yield. It is worth noting that compound 10e 
has been synthesized by Takahata via a complex one-pot three-
step protocol from thiolactam, and converted in one-pot to 
sedaminone (11).[2b] The latter was suggested to be a 
biosynthetic precursor of sedamine (1),[10a,b] an alkaloid belongs 
to the Sedum family. Interestingly, both enantiomers of 
sedamine (1) have been found in many other Sedum 
species.[10c] The reaction was next extended to other terminal 
alkyne nucleophiles 9b-9g, and the corresponding propargylic 
piperidine derivatives 10f – 10k were obtained in 58% - 83% 
yields, reflecting the wide scope with respect to alkynes. Notably, 
the successful incorporation of functional groups such as 
silyloxylmethyl and ester groups affords the option for further 
transformations.  

With the Ir and Cu-bis-catalytic alkynylation of lactam ensured, 
we then addressed the synthesis of 2,6-dialkylpiperidines which 
constitute a class of bioactive alkaloids isolated from both plant 
and animal kingdoms.[1a] Both 2,6-cis and 2,6-trans-dialkyl 
piperidines and 3-piperidinols exist among this class of natural 
products.[1] To get insight into the stereochemical outcome of the 
reductive alkynylation reaction, a racemic synthesis of the fire 
ant venom alkaloid solenopsin (2), isolated from Solenopsis 
invitica,[11] was envisaged. It is worth noting that some members 
of this family of alkaloids were found to display cytotoxic, 
insecticidal, hemolytic, antibacterial, antifungal and necrotic 
properties.[12] For example, solenopsin A (3) was reported to 
inhibit the regulator protein phosphatidylinositol-3-kinase (PI3K) 
which involves in controlling apoptosis, proliferation and 
angiogenesis.[12c] Such Insect toxins have been recognized as 
selective pharmacological tools and drug/chemical leads.[12d] 

Our synthesis of solenopsin (2)[13] started from commercially 
available racemic N-benzyl-6-methylpiperidin-2-one (8f) 
(Scheme 3). Bis-catalytic reductive alkynylation of 8f with non-1-
yne (9h) at 70 °C yielded predominantly the trans propargylic 
piperidine 12 in 63% yield (dr = 4: 1). The stereochemistry of the 
major diastereomer was deduced from the alkaloid 2, which was 
obtained by the one-pot catalytic hydrogenation - hydrogenolysis 
of the major diastereomer 12. The spectral data of our synthetic 
product (2) match those reported for the natural product.[13] 
Similarly, bis-catalytic reductive alkynylation of 8f with undec-1-
yne (9i) yielded propargylic piperidine 13 and its diastereomer in 
a 3.8: 1 ratio in a combined yield of 77%. Subjecting 13 to the 
catalytic hydrogenation conditions proceeded with concomitant 
hydrogenation to produce ()-solenopsin A (3) in 90% yield. The 
spectral data of 3 are identical with those reported in the 
literature.[1j,k,o] 

To probe the effect of substituent at C6 of lactam 8 on the 
diastereoselectivity of the reaction, the reductive 
phenylethynations of both 6-methyllactam 8f and 6-phenyllactam 
8g were examined (Scheme 3). The former afforded 14 as a 
2.3:1 (trans/cis) diastereomeric mixture in 81% yield, whereas 
the latter yielded 15  as a 7:1 (trans/cis) diastereomeric mixture 
in 81% yield, reflecting the dominant effect of steric hindrance at 
C6 on the diastereoselectivity. 
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Scheme 3. Ir- and Cu-catalyzed reductive alkynylation of 6-substituted 
piperidin-2-ones and the total synthesis of fire ant venom alkaloids solenopsin 
(2) and solenopsin A (3). [a] yield of isolated product. 

Next, we turned our attention to the enantioselective 
synthesis of (+)-julifloridine (6), an alkaloid isolated from 
Prosopis juliflora DC (mesquite).[14] This natural poisoning 
alkaloid and extracts from Prosopis juliflora have been reported 
to exhibit neurotoxicity,[15a] in vivo antimalarial,[15b] and 
antimicrobial activities.[15c] It is worth mentioning that the 2-
methyl-3-hydroxypiperidine ring system with the same 
stereochemical pattern is also found in other piperidine 
alkaloids,[16a] and some have been reported to show DNA-
domaging activity.[16b] However, among this sub-class of 
alkaloids,[1c,e,f] less efforts have been devoted to the synthesis of 
julifloridine (6), only two enantioselective syntheses,[17a,b] an 
enantioselective synthesis of its antipode,[17c] and a racemic 
synthesis[17d] have been reported. 

Our synthesis started from (R)-N-benzyl-3-benzyloxy 
glutarimide (16)(Scheme 4), a versatile chiral building block 
developed by our group.[1g] Following a protocol that we 
developed previously, methyl Grignard addition followed by 
boron trifluoride etherate-mediated reduction with zinc 
borohydride[18] produced chemo- and diastereo-selectively 
(5R,6R)-5-benzyloxy-2-piperidinone 17[2d] and its diastereomer 
(no shown) in about 60% yield over two steps. Subjection of the 
major diastereomer (5R,6R)-17 to the catalytic reductive 
alkynylation with alkyne 20 yielded two diastereomers 19 and 20 
in 64% yield with a diastereomeric ratio of 5:1, from which a 
sample of propargylic amine 19 containing a small amount of the 
corresponding partially reduced alkene was isolated. The 
stereochemistry of the major diastereomer 19 was deduced from 
the final product. Subjection of the sample 19 to Pearlman’s 
catalyst-catalyzed hydrogenation/ hydrogenolysis under acidic 
conditions led directly to the formation of (+)-julifloridine (6) as a 

white solid {Mp 83-85 °C, lit.[17a] 85-87.5 °C, lit.[17b] 82-83 °C; 
lit.[21c] 81-83.5 °C; [α]D20 = +13.3 (c 0.55, MeOH), lit.[17a] [α]D25 = 
+18 (c 0.84, MeOH), lit.[17b] [α]D20 = +7.3 (c 0.23, MeOH), lit.[17c] 
[α]D20 = 8.2 (c 0.34, MeOH) for the antipode}. It is worth noting 
that during this transformation, hydrogenation of the triple bond, 
double bond, and N,O,O-tris-debenzylation reactions occurred in 
one-pot at RT for 24 h to afford the alkaloid 6 in high yield (90%). 
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Scheme 4. Concise enantioselective total synthesis of (+)-julifloridine. 

In summary, we have demonstrated that the direct reductive 
alkynylation of amides based on the Ir and Cu(I) bis-metal 
sequential catalysis can be extended to 6-, 7-, and 8-membered 
lactams. The catalytic reductive alkynylations of N-benzyl-6-
methylpiperidin-2-one and its 3-benzyloxy derivative resulted in 
the selective formation of 2,6-trans-disubstituted piperidines that 
is complementary to the typically 2,6-cis-diastereoselective 
methods.[6b,6e] The efficiency of this methodology was highlighted 
by the procedure-economical total syntheses of three alkaloids, 
()-solenopsin (2), ()-solenopsin A (3), and (+)-julifloridine (6) 
with 2,6-trans:cis diastereoselectivities ranged from 3.8: 1 to 5: 1. 
As a comparison, the synthesis of structurally similar (–)-6-iso-
cassine (5) from ()-17 required 10 steps.[2d]  

Experimental Section 

General procedure for the bis-catalytic reductive alkynylation of 
lactams 
In a glove box charged with an atmosphere of nitrogen, IrCl(CO)(PPh3)2 
(8 mg, 0.01 mmol, 1 mol %) was added to a dried 10-mL round-bottom 
flask equipped with a magnetic stirring-bar. The flask was then removed 
from the glove box. A solution of a lactam (1.0 mmol, 1.0 equiv) in 
toluene (5 mL), 1,1,3,3-tetramethyldisiloxane (0.36 mL, 2.0 mmol, 2.0 
equiv) were successively added to the flask at room temperature. After 
being stirred for 30 min, the resulting mixture and a terminal alkyne (1.2 
mmol, 1.2 equiv) were sequentially added to a suspension of CuBr (7 
mg, 0.05 mmol, 5 mol %) in toluene (3 mL) in a 25-mL round-bottom flask 
under argon. The mixture was stirred at 70 C for 8 h. Then, the mixture 
was concentrated under reduced pressure, and the residue was purified 
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by flash column chromatography (FC) on silica gel to afford the 
corresponding propargylic amine.  
General procedure for the one-pot catalytic hydrogenation and 
hydrogenolysis of N-benzyl--alkynylpiperidines 
A stirred mixture of a N-benzyl--alkynylpiperidine (1.0 mmol), 0.5 mL 
conc. HCl, and 10% Pd(OH)2/C (10% wt) in methanol (5 mL) was 
hydrogenated under 1 atm of hydrogen (balloon) at room temperature. 
When the reaction was judged to be completed by TLC monitoring, the 
mixture was filtered under a reduced pressure, and the residue was 
washed with methanol (5 mL). The combined filtrates were concentrated 
under reduced pressure. The residue was purified by flash column 
chromatography (FC) on silica gel to afford the corresponding product. 
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