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The facile double reduction of bicyclic aromatic sulfonamides was used to synthesize a variety of 2- and 3-aryl-substituted pyrrolidines and
2-phenylpiperidine. The method features a combined nitrogen protection and a traceless tether for the transposition of the aromatic moiety
from nitrogen to carbon.

Sulfonamides constitute one of the main classes of N- context of converting cyclic sulfonamides of typéto aryl-
protecting group used in modern-day organic syntHeEiey substituted amino compounds of tyge(Figure 1)* Con-
are attractive in this capacity because they are chemically

robust, and because they can often be removed in high yiel
by reduction with various metals dissolved in liquid am-
monia, or by metal naphthalenides. As a rule, the fate of the

X
sulfonyl group is ignored during such deprotection reactions. o & Y
However, mechanistic studies performed by KoYatd966 X_i | "N’)') de 2H
and Clossohin 1970 suggest that depending on the amount g; AN
of reducing agent employed, both nitrogen—sulfur and 1 , 0

carbon-sulfur bond scission do occur (i.e., double reduction).
We became interested in the double-reduction process in therigure 1. Possible pathway for the double reduction of cyclic
sulfonamides.
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1 was polycyclic, thereby generating cyclic amines of the || NN
typez._Such molecules might be expected to have interesting scheme 2. Synthesis of 3,4-Dimethoxyphenylpyrroliding
biological effects. and 4-Methoxyphenylpyrrolidiné9

Initial studies focused on the double reduction of the veo o CSOH  meo o PNl o
tricyclic sulfonamide7. This was prepared fror via the :@ ’ m BN, DoM j@ (\

correspondingN-diallyl sulfonamide 4, by ring-closing MeO 0°C, 0.75h,  MeO SO,Cl 0Ctort,

. . . 82% 15h, 87%

metathesis (RCM) with Grubbs’ catalyst, intramolecular 12 13

Heck reaction on the resulting produstand double-bond 1 PO¥s

reduction of6 with H,/Pd—C following a literature procedure cl'ﬁcy3 gngﬁ)% 0y Meo H,, Pd-C,

N i<

(Scheme 15. (1 mol%) :@ ,3 owE 20 m EtOH,
DCM 110°C, MeC g’N 15h, 79%
it, 15h, 15h, 61% 2
95% 16

Scheme 1. Synthesis of 3-Phenyl and

3-Cyclohexylpyrrolidines MeO %Lc[ '\ékéi
“Ru= Pd(OAG MeO 5
HN(allyl),, 4 oyt PP<h3 K;%:oa e g {b) TsCl, EtsN,

@Br EtaN DCM Br (\ 1 mo[% @EBr DMF o 25!4?/:0 tort,
8001 et ~ pow, oo, 8 19
3h, 85% t, 15h, 15h, 87%
95%
3 4 5
TeCL LN, example, conversion of2 to the corresponding sulfonyl
_785'5'34 o — chloride® and subsequent manipulation following the strategy
. P-C. ﬁ Somoass N described above gavi7 in 33% vyield for the five steps.
o s . . .
m @ (90%) s The successful Heck-type cyclization of the 1,2-dimethoxy
3 33;;”}‘ 075 aromatic bromide in this sequence is particularly notable.
6 H2N(CH2)2NH2 () Ha, o0 Treatment oflL7 with lithium in liquid ammonia followed
0°C, 0.75h by tosylation afforded a mixture of the expected 3-aryl

55%

pyrrolidine 18 (28%) and 19 (36%), the product of a
regioselective aryl ether reduction. This type of aromatic
ether cleavage under reductive conditions has been docu-
mented for several 1,2-dialkoxybenzefes.

To further investigate the scope of this process, adduct
25 was prepared via a &xo-trig Heck cyclization—double-
bond reduction sequence (Scheme 3). Thus, sulfonylation

Pleasingly, under standard lithium/liquid Mldissolving
metal reaction condition's’ compound? was converted into
3-phenylpyrrolidine8 in excellent yield (90%). Compound
8 was isolated by distillation, and as expected, without an
alcohol additive, no further “Birch-like” reduction of the
3-aryl substituent was observed. The use of sodium in the

place of lithium gave a similar outcome. However, with the Scheme 3. Synthesis of 2-Phenylpyrrolidine
radical anion sodium naphthalenide, only intractable materials gﬁfgg& 4—) Dibal, Citric acid, @
were observed. Further optimization indicated that only 5 /™ osn,  OTny” DOM o HOThS PAMe 110 Ry
equiv of lithium were required, and in this case the resultant N~ o3 oc. @:SO Zecio @SOZ o, 83% @ESOZ
secondary amine was converted into th¢oluenesulfon- 1h, 74% g 4oCh, o o

20 83%

amide9 (74%) for characterization purposes.
The corresponding reduction performed under Benkeser
conditions’ using ethylenediamine and an excess of lithium

21 22 23

(a) Li {17eq.), NHs,
-78°C, 3h; (b) TsCl,

(24 equiv), afforded an inseparable mixture of three regio- ppr <o, Wy Pdc, o DM 1sh, ©/\NNHTS
isomeric monoalkene40 in which both the sulfonamide  P¥F.119C. Fon. 1 — %
tethering group and the aromaticity of the 3-phenyl substitu- 1en, 67% 502 15h, 87% 502 76%

ent had been destroyed. N-Functionalization and double-bond N
reduction gave the 3-cyclohexyl pyrrolididd in 55% yield 53)83&‘55?3# (“:)';%Cl 27T5
over three steps. Et;N. DCM, rt, 3h,

Our double reduction could also be successfully applied
to more electron-rich aromatic ring systems (Scheme 2). For

5 (@) Grigg. R Sridh ok Wietanedror Len198.39 of N-lithio pyrrolidinoné?® with 3 and subsequent lactam
a rgg, R.; sridharan, V.; YOrK, etrahearon Le y y . 1 .

4139. (b) Grigg, R.; Santhakumar, V.; Sridharan, V.; Stevenson, P.; .redUCt'Oﬁ and dehydratiof afforded theN'SU!fonyl enam-
Teasdale, A.; Thornton-Pett, M.; Worakun, Tetrahedrorl991, 47, 9703. ine Heck precursoR3 (Scheme 3). Interestingly, double-

(6) Rabideau, P. W.; Marcinow, Drg. React.1992,42, 1. ; ; ; ;
(7) Benkeser. R. A.. Robinson. R. £ Suave, D. M.. Thomas, Ql.H. bond migration occurred during the Heck reaction under our
Am. Chem. S0d.955,77, 3230. For a comparison between Birch-type and

Benkeser reductions, see: Kaiser, E. $84nthesid972, 391. (8) Levi, A. A.; Smiles, S.J. Chem. Socl931, 520.
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standard conditions, affording the trisubstituted alkede || NN

alongside trace amounts of the expected disubstituted alkene.  gcheme 5. Preparation of the Enantioenriched Double
Following hydrogenation, the double reductive cleavage of Reduction Precursorsyn-42and anti-42

25 was investigated. It was found that when a large excess

of lithium (17 equiv) was used, cleavage of the benzylic bond

was observed, in addition to the desired double reductive

cleavage. Following N-tosylation, compouB@was isolated

in 72% vyield.

We reasoned that benzylic cleavage had occurred after the
desired double sulfonamide reduction. Therefore, both the
reaction period and the amount of reducing agent were
optimized. It was subsequently found that use of 5 equiv of
lithium completely reduced5 after 5 min. 2-Phenyl-
pyrrolidine was isolated in 76% yield as ifd-toluene-
sulfonamide27.

Studies with the corresponding piperidinyl system, ac-
cessed from piperidin-2-orz8 via an identical sequence of
reactions, afforded precurs88, which smoothly underwent
the desired double reduction, generating 2-phenylpiperidine
34in 70% yield (Scheme 4).

separable by careful Spflash column chromatography.
Nuclear Overhauser (NOE) NMR spectroscopic studies
indicated that the major isomer in this mixture possessed

Scheme 4. Synthesis of 2-Phenylpiperidine the anti ring architecture, indicating preferential hydrogena-
(a) "BuLl, . o tion from the same face as the substituent. Treatment of this
o e 04(9 e HOQ A Q mixture with TBAF in THF afforded a similar diastereo-
07N 80, T S0, — 0, isomeric mixture of alcoholgt2 (in 31 and 59% yields,
H (b) 3, 0°C, -78°C to 6h. 91% N . .
1h, 43% @[ -40°C, 1h, @[ : @: respectively), which proved to be more readily separable by
Br Br Br .
28 SiG; flash column chromatography.
# 30 3 Treatment of the major diastereomenti-42 with Li (6
o . equiv) in liquid NH; afforded the pyrrolidine produe3 of
(OAC),, (a) Li (5eq.), ; g p
PPhg, K,CO3, | Ho, Pd-C. NHs, -78°C, the desired double reduction, which was further converted
DMF, 110°C. N ' NToomn N to the sulfonamidenti-44 (Scheme 6). Similarly, the minor
16h. 86% 502 15h, 98% S0z ) TsCi Ts
’ Et;N, DCM,
32 33 rt, 3h, 70% 34
Scheme 6. Preparation obyn- andanti-[5R/
) ) S-Phenyl-1-(toluene-4-sulfonyl)pyrrolidin-2S-yljmethanol
The synthetic sequence described was adapted to prepare ,
. . . . . CH L, NHj, OH TsClEt3N, OH
the enantioenriched 2-phenylpyrrolidine architecture exhib- &V —_— @f?\’ N
ited by a series of natural and nonnatural aza sugars (Schem 80, 78C. Smin e T
5).13The TBDPS group was chosen to protect the enantiopure ~ sy-42 syn-43 syn-44
primary alcohol35# not only to withstand citric acid- oM L Ok TeGLELN on
facilitated dehydration but also to present a bulky group on Q\’ - Q(Q\’ Bl @A—TN}V
one face 0f39. On the basis of the previous results we had S0z -78°C, smin oom.
obtained, the selective formation &9 was expected. anti-42 anti-43 ' anti-44

However, it was produced alongside appreciable amounts
of 40 (single diastereomer on the basis &1 NMR
spectroscopy), which proved to be inseparable by, 8&3h diastereomersyn-42 was converted intosyn-44, whose
column chromatography. Somewhat surprisingly, reduction spectroscopic data were in accord with that reported previ-
of this mixture gave a diastereoisomeric mixture (anti:syn ously for racemicsyn-44'> Additionally, X-ray crystal-

= 3:1) of the saturated pyrrolidine$l, which were now lographic studie’$ demonstrated the syn-2,5-disubstituted
ring architecture, thereby corroborating the stereochemical

(9) For example, see: Bunnett, J. F.; Jenvey, Org. Chem1996,61, assignment made on the basis of the NOE studies indicated
8069 and references therein.

(10) Harkin, S. A.; Singh, O.; Thomas, E.JJ.Chem. Soc., Perkin Trans. in Scheme 5 .
11984, 1489. . In conclusion, we have described a novel method for the
(11) Neipp, C. E.; Humphrey, J. M.; Martin, S. §.Org. Chem2001, efficient preparation of aryl-substituted cyclic amines via the

66, 531.
(12) Ahman, J.; Somfai, Rl. Chem. Soc., Perkin Trans.1994, 1079.
(13) For example, see: Severino, E. A.; Costenaro, E. R.; Garcia, A. L. (15) Gallagher, T.; Jones, S. W.; Mahon, M. F.; Molloy, K.XChem.
L.; Correia, C. R. DOrg. Lett.2003,5, 305 and references therein. Soc., Perkin Trans. 1991, 2193.
(14) Cossy, J.; Cases, M.; Pardo, D. Tetrahedron1999,55, 6153. (16) See Supporting Information for details.
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double reduction of cyclic arylsulfonamides. Mechanistic and Dr. John O’Brien (Trinity College) for performing NOE
studies aimed at probing the sequence of events suggestedxperiments.

in Figure 1 and the application of this method toward the
synthesis of naturally occurring aza sugars are currently unde
investigation.
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