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Pyrrolidines are ubiquitous structural units in the chemical Table 1. Imine Optimization Study
literature, with numerous applications seen throughout the phar- 5 mol% Pd(dba),
maceutical industry as well as among natural produéts.such, TMSJI\,OAC + pppnR 10 mol% L10
much attention has been devoted toward their synthesis. While " omene.an  Ph? N

! | o (1.6 equiv) (1.0 equiv) toluene, 4h
cycloaddition strategies to form pyrrolidines are well documented,
they are largely based on the reaction of azomethine ylides with Entry R Temp (°C) Yield (%) ee (%)

two carbon unité.Complementary strategies involving the addition ; ?2 :2 79?: 3‘5‘
of imines to suitable three carbon units have received less attention. 3 Bn 45 0 ND
The transition metal-catalyzed{2] trimethylenemethane (TMM) 4 P(O)Ph, 23 0 ND
cycloaddition is a highly efficient process that provides a direct 5 Boc 45 98 87
route to five, seven, and nine-membered ring systefighough 6 Fmoc 23 0 ND

7 Cbz 23 0 ND

this venerable reaction has been primarily studied in the construction
of carbocycles, there have been few accounts detailing TMM
cycloaddition reactions of imines to form pyrrolidine&urther,
asymmetric syntheses of this moiety are highly desirable. Our recent
disclosure of an asymmetric variant of the TMM reaction between
3-acetoxy-2-trimethylsilylmethyl-1-propene and olefipsompted Table 2. Palladium-Catalyzed [3+2] Reactions of N-Aryl Imines

aConversion? ND = Not determined.

us to investigate the enantioselective synthesis of pyrrolidines using 5 mol% Pd(dba), , ,
this methodology. \)J\/ . N-AT 10 mol% L10 ,\O:
e . . . e ——
Initial studies focused on the reaction of benzylidene aniline ™S Ohe = oo, TG At

under the previously developed conditions (5 mol % Pd(dba)

10 mol % ligand, 1.6 equiv TMS propenyl acetate) at 45 Enry Suborate Product  T(Q) Yield (e)7ee()
(Scheme 1). Ligandl1® gave only 3% ee at 71% conversion. On @ @N

the basis of a report detailing the beneficial effects that minor 1b ©AN Q‘= 45 80 82
alterations of phosphoramidite ligands have on the selectivity of @

iridium-catalyzed AAA reaction$,we tested.2 andL3. Unfor- “30"\@

tunately, enantiomeric excesses remained low, though increased 5 OOCHS D= .5 -
conversion was observed. Further variations of this segment that OAN @

may affect conformation such as inverting the stereochemistry of cl cl OCH,

the methyl groupl{4) increased the ee, but removal of a methyl HiCO @[

N
Scheme 1 3 OAN@ Q‘= 45 87 83
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Q “Q Q F -
OO o CHy CHs CH, CH, CH,
P-N &N &N &N &N a|solated yields? Reaction performed with 2.5 equiv propenyl acetate.
OO O )mCH, 1CHy CHg CH,
OCH, OCHg OCH;, OCH,
L3 La L5 group (5) provided an inactive catalyst. The previously utilized
L1 - 71% conv, 3% % % % % . . . .
connIRee Ay e, STeoown koo, asymmetric palladium catalyst for the TMM reaction of olefins

(L6)>8 provided the desired product in only 35% ee and 73%

OO CO conversion. Adjusting the nature of the chiral space by increasing
the size of the aryl groups led initially to replacement of one phenyl

SN $-N N N group with a 2-naphthyl groupL{), which did increase the ee.

3-N
Substitution with 4-biphenyl groups.8) or even better, the bis-
@ @ O @ 1-naphthyl ligand I(9) boosted the ee. Bis-2-naphthyl ligahdiO
’ gave the best results with a 76% conversion and 84% ee. To

Ph

% L7 L1 . . . R
TSles 44% conv, Pgev:‘gonv, a4y L10  100% conv, examine the effects of ring size, we turned to azetidine ligaiid
URee ke’ Trmiee  Tgconv 2i%ee which gave significantly lower ee
% ee .
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Table 3. Palladium-Catalyzed [3+2] Reactions of N-Boc Imines
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methylenepyrrolidine-1-carboxylate (Table 3, entry 6) with thermal ellipsoids
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anilines. The temperature could be reduced considerably, as low
as —15 °C in some cases (entries 3, 7, 9, 12), and conversion
remained high with moderate increases in enantioselectivity ob-
91 90 served. Unfortunately, further reduction+®5 °C failed to provide
desired product in any case studied. The reaction proved insensitive
to the nature of the aromatic substituent with similar results obtained
regardless of substitution pattern (entries42 or electronic nature
of the substituent. Heterocycles presented no problems (entries 10
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7 Br , 15 94 86 12) with ee values remaining high, though slightly reduced yield
e was observed. While the standard conditions utilized 5 mol % Pd
8b OO N N 4 86 85 and 10 mol % ligand to ensure complete conversion, catalyst loading
OO soe could often be lowered (entry 8) with little change in results. The
HC WS absolute configuration was determined by X-ray crystallographic
9 Q/\ HSC‘C;((&C 15 65 90 analysis, as shown in Figure 1.
o In summary, we have reported a new phosphoramidite ligand
N Boe CHy . K .
10 | N 4 75 86 that effects the palladium-catalyzed asymmetric TMM reaction of
N \N' o imines to form substituted pyrrolidines in high ee. Investigations
o N Boc h 4 1 o into the scope of this reaction, as well as the use of substituted
o ] B TMM donors are currently underway and will be reported in due
course.
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