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ABSTRACT

MeO {\ major atropisomer

SSA OMe 58 / \

(bda)Fe(CO)3 —
: S
= o/B selectivity W0
TBS?Ae(!) S 94:1 OTQS
8* = (R)-p-tolyl sulfoxide ~ 9-1- OMe  Fe(CO),

1:1 mixture of atropisomers 34:2.6:1:0

Enantiopure (1Z,3E)-1-sulfinyl dienes bearing an o-dithianylphenyl group can be prepared and complexed with (bda)Fe(CO); to afford the
corresponding sulfinyl diene iron(0) tricarbonyl complexes. This diastereoselective complexation introduces planar and axial chirality
simultaneously, with a high degree of facial selectivity as well as atropselectivity. Dynamic kinetic resolution is likely to be the origin of the
atropselectivity.

There continues to be great interest in the preparation andrestricted rotation and a planar chiral arene ruthenium Cp
use of molecules that possess an axis of chirality as a resultcomplex. In this report, we describe additional examples of
of the success of biaryl systems in asymmetric catalysis, assimultaneous formation of planar and axial chiralities, as the
well as the presence of chiral axes in complex natural diastereoselective complexation of enantiopure-8ithia-
products such as vancomycin. On the other hand, compoundsylaryl)-1-sulfinyl dienes with an iron tricarbonyl fragment
possessing an element of planar chirality have been dem-also controls the axial stereochemistry about the aryl-C3
onstrated to be highly useful synthetic intermediates in bond.

addition to also finding success as asymmetric catalysts. The We have previously reportédhat enantiopure @, 3E)-
simultaneous formation of planar and axial chiralities is still 1-sulfinyl dienes can be transformed into the corresponding
quite rare; indeed, we are aware of only two prior reports of planar chiral iron tricarbonyl complexed, with a high
such a process. Wulffeported that the reaction of Fischer degree of diastereoselectivity (eq 1). The origin of this
chromium carbene complexes and aryl alkynes proceededselectivity is assumed to be due to 1,3-allylic strain, forcing
with a high degree of diastereoselectivity to afford racemic the aromatic sulfoxide substituent into a conformation that
biaryls with restricted rotation resulting from a singjé- effectively blocks one diene face. Typically the major
Cr(CO) arene complex. Uemura and Bringmanimave

described the synthesis of enantiopure biaryls that have (3)Paley, R. S.; de Dios, A.; Estroff, L. A.; Lafontaine, J. A.; Montero,
C.; McCulley, D. J.; Rubio, M. B.; Ventura, M. P.; Weers, H. L.; Ferdaz
(1) Fogel, L.; Hsung, R. P.; Wulff, W. D.; Sommer, R. D.; Rheingold, de la Pradilla, R.; Castro, S.; Dorado, R.; Morente JMOrg. Chem1997,

A. L. J. Am. Chem. So@001 123 5580. 62, 6326. For related complexes, see: Ibbotson, A.; Reduto dos Reis, A.
(2) Kamikawa, K.; Furusyo, M.; Uno, T.; Sato, Y.; Konoo, A.; Bring-  C.; Saberi, S. P.; Slawin, A. M. Z.; Thomas, S. E.; Tustin, G. J.; Williams,
mann, G.; Uemura, MOrg. Lett.2001, 3, 3667. D. J.J. Chem. SocPerkin Trans. 11992 1251-1259.
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toluene

(bda)Fe(O)s h
(1)
e(CO)3

prepared by a highly regioselective palladium-catalyzed
hydrostannylatiofi;none of the regioisomeric vinyl stannanes
were ever observed (Scheme 2).

R S % 45°C,16h ] ,§
R2 65-80% yield
10-16:1d = (R)-
r (S = (R)-p-tolyl squoxnde] Scheme 7
RZ 0O R2
product of this kinetically controlled process is easily R R s\
S H )
separated from the mingtisomer by chromatography and ab
then can be utilized in strategies to control the stereochem- X S
istry of incipient chiral centers along the diene periphery. R3 R3 N oH
As aresult of our efforts to expand the synthetic applications 23 R!' =R2=R3=H; X = Br
. 3a, 78 % (two steps)
of these complexes, we sought to prepare a series of C4- 2b R' = OMe; R2= R® = H; X = Br 3b, 79 % (two steps)
substituted sulfinyl dienes additionally possessingeho- 2c R'=R%=0Me;R?=H;X=1  3c, 77 % (two steps)
substituted aryl unit at C3. Molecular models suggested that OMe O OMe
the iron diene complexes obtained from such compounds S\
. . . . K H c,a S
might display restricted rotation about the aryl-C3 single —_
bond provided that thertho-substituent was of a sufficient Br A
. ) X _OH
size. Thus, four diastereomers could be produced by com- OMe OMe
plexation of these substrates; each facial isomer could exist 2d 3d, 74 % (two steps)

as diastereomeric atropisomers, as shown in Figure 1.
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: ’/o
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S/ /0

B, syn

Figure 1. Possible diastereomers formed upon complexation of

(1E,32)-1-sulfinyl-3-(o-substituted)-aryl dienes with an iron tricar-

bonyl fragment. The syn or anti notation refers to the relative

positions of the Fe(CQunit and R; thea or  nomenclature refers
to the location of the Fe(C@nit relative to the sulfoxide.

The preparation of the required 3-aryl-1-sulfinyl dienes,

each equipped with a dithiane as the bulky aoytho-
substituent (R), was initiated with bromoaldehyde2.

Conversion to the corresponding dithianes followed by

Sonogashira-type couplifigith propargyl alcohol proceeded
smoothly for2a—c® to produce aryl alkyne8a—c. On the
other hand, the sterically demandiBd was more efficiently
prepared from aldehyded® by PdP{-Bus),-catalyzed Stille
coupling followed by one-pot dithiane formation and THP
deprotection (Scheme 1). Vinylic stannades-d were then

(4) Alami, M.; Ferri, F.; Linstrumelle, GTetrahedron Lett1993 34,
6403.

(5) Compoundcis available in one step from the corresponding benzyl

alcohol: Swindell, C. S.; Fan, Wl. Org. Chem1996 61, 1109.

310

aReagents and conditions: (a) HS(§4$H, Amberlyst-15 resin,
THF, rt. (b) H-C=C—CH,0H, 5 mol % Pd(PPj),, pyrrolidine,
80°C (50°C for 2¢). (c) BweSn—C=C—CH,OTHP, 3 mol % Pd(R
BU3)2, PhMe, rt.

The required 3-aryl-1-sulfinyl dienésa—d, 5¢, and5d'
were prepared by our previously reported approach via Stille
coupling of an enantiopureZj-iodovinyl sulfoxide and the
corresponding vinyl stannane (Schemé R)is interesting
to note that we were unable to effect Stille coupling of aryl
vinyl stannanes witlortho-substituents that did not contain
a benzylic sulfur, suggesting a favorable interaction between
the palladium and sulfur atoms that accelerates transmeta-
lation® The *H NMR spectra of sulfinyl dieneSa and 5b
demonstrated significant broadening at room temperature
(presumably a result of slow, but not completely restricted,
rotation about the aryl-C3 single bond on the NMR time
scale). However, sulfinyl dienésc, 5¢, 5d, and 5d' had
sharply resolved absorbances in their NMR spectra; indeed,
5¢, 5d, and5d’ were each obtained as atropisomeric mixtures
that could be separated by chromatography.

Each of the sulfinyl dienesha—5d, 5¢, and5d', were
subjected to our usual conditions for complexation (using a
4- to 5-fold excess of (bda)Fe(CgOh toluene at 45C) to
afford the sulfinyl iron diene complexé&a—d, 6¢, and6d’
(Scheme 3). Sulfinyl dien&a and 5b each afforded only
two of the four possible diastereomeric complexe§aand
6b; for dienesbe, 5¢, 5d, and5d', three diastereomers were
obtained. For each set of complexes, facial and axial

(6) Clive, D. L. J.; Sannigrahi, M.; Hisaindee, &.Org. Chem2001,
66, 954.

(7) Littke, A. F.; Schwarz, L.; Fu, G. Cl. Am. Chem. So002 124,
6343.

(8) Liron, F.; Le Garrec, P.; Alami, MSynlett1999 246.

(9) (a) Itami, K.; Kamei, T.; Yoshida, J. Am. Chem. So001 123
8773. (b) Crisp, G. T.; Gebauer, M. Getrahedron Lett1995 36, 3389.
(c) Vedejs, E.; Halght A. R.; Moss, W. Q. Am. Chem. S0d.992 114,

6556.
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Scheme 2 Scheme 3
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7 i R! R® (bda)Fe(CO)
1 R1 3
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5c, P=EE  74%,twosteps 5¢', P=TBS 71% 0 N
s OP
c

5d P=EE 88% twosteps  5d', P=TBS 74% Ss/ﬁpée(co)a
D

aReagents and conditions: (a) §8nH, 2 mol % Pd(PRCl,, NOT

B, syn OBSERVED . syn
THF, rt (for 3a—c) or 50°C (for 3d). (b) (2)-(R)-|—CH=CH—-S*, Ecalc = +6.07 Ec:c =+3.27
4 mol % Pd(MeCN)Cl,, DMF, rt. (¢c) CH=CH—OEt (10 equiv), ’ m - -
20 mol % PPTS, DCM. (d)4)-(R)-I—CH=CH—S*, 5 mol % Pd(P- 1 oo o3 Yo @b axial o ratio
t-Bus),, PhMe, 35°C. () TBDMSOTT, 2,6-Iutidine, CkCly. R' R R® P yield selectivity selectivity® AB:C

6a H H H EE 68 3.2:1 3.2:1 3.2:1:0

6b MeOH H EE 73 321 321 3.2:1:0
stereqchem|§trles were assigned on the ba§|s GHMNMR c MeOH MeO EE 75 324 551 9.41.94
chemical shift datd’ It is worth noting that in each of the H MeO MeO
latter four cases, the major complex was readily separable 6d €0 MeO EE 73 I
by column chromatography from the minor diastereomers. 6c' MeO H ~ MeO TBS 67  4.2:1 6.5:1  13.4:2.2:1

We also explored the complexation of indole analogues g H MeO MeO TBS 63 | 9.4:1 13.5:1 34:2.6:1
of the aryl dithiane3! The synthesis of the required indolyl
V'lrz]yl stannanes began W'_th known 2-bromo—3—formyll_nd-ole aRelative energies (kcal/mol) for 8 H. ®Combined yield of
72 (Scheme 4). Conversion of thg aIdeher to the dithiane gjastereomeric complexe®Relative to the sulfoxide chiral center.
and subsequent protection of the indole nitrogen proceeded
uneventfully; Sonogashira coupling with propargyl alcohol ) )
to give 8 required modification of the BuchwaleFu of atropisomers or the tosyl sulfonamidib as a 11
conditiond® and proceeded only with the indole nitrogen atropisomeric mixture. In both of these cases, the atropiso-
protected. Hydrostannylation gave the corresponding vinyl Meric compounds possessed significantly diffefevalues
stannane, and as with the aryl dithianes, only a single Put could not be chromatographically separated because of
regioisomer was produced. Removal of the TEOC protecting fapid equilibration at room temperature. Complexation
group was required in order to effect Stille coupling with produced the .correspondmg sglfmyl iron d.lene .complexes
the enantiopureZ)-iodovinyl sulfoxide. Sulfinyl dien®@was ~ 11aand1lbwith 8:1 and 4:1 diastereomeric ratits.
obtained as a single compound that was purified after The complexation diastereoselectivities described here
protection of the alcohol; subsequent reprotection of the Merit discussion. Earlier results from our laboratcties
indole nitrogen afforded BOC-derivatii®aas a 3:1 mixture indicated that facial selectivities obtained during complex-

ation under these conditions were a reflection of kinetic

(10) For complexes previously prepared in our laboratories, the chemical preferences; typical/s selectivities W_ere 10:1, _and this ratio
shift of H2 has consistently appeared more upfield for the majmomer was also observed for the complexation of a simple 3-phenyl-
than for the corresponding mingt isomer (see Table S1, Supporting 1-sulfinyl diené* lacking theortho dithiane substituent. The
Information). The syn axial stereochemical assignments are based on the L . . . ’
chemical shifts of the dithiane methine; the syn diastereomers (i.e., generalpresence of the dithiane in sulfinyl dienesandSb caused

typeC in Figure 1) show a significant downfield shift. For a related example, g decrease in/f selectivities to 3.2:1; similar selectivities
see Kamikawa, K.; Tachibana, A.; Sugimoto, S.; Uemura,Qvg. Lett.

9.4:1 12:1 45:3.8:1

2001, 3, 2033. were obtained for the complexation 8¢ and5¢ (Scheme
(11) For thiophene analogues, see Supporting Information. 3). However, facial selectivities were markedly enhanced

53’(}121(75_”“”“’ T. L.; Kemmitt, P. D.; Germain, A. etrahedronl997 (9.4:1) for substrate5d and 5d'. Additionally, significant
(13) Hundertmark, T.; Littke, A. F.; Buchwald, S. L.; Fu, G. Org.

Lett. 200Q 2, 1729. (14) See Supporting Information.
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Scheme 4
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11a, R=BOC a/f 8:1

11b, R=p-TolSO, o/f 4:1

aReagents and conditions: (a) HS(4$H, Amberlyst-15 resin,
THF, rt, 91%. (b) NaH, THF, CC, then TMS-(CH),OCQG,-p-
NO,Ph, 100%. (c) H-C=C—CH,0H (3 equiv), Pd(PhCNEI, (15
mol %), P¢-Bus) (33 mol %), Cul (10 mol %), i(PrpNH (1.2
equiv), dioxane, 4858%. (d) BuSnH, Pd(PP¥).Cl, (1 mol %),
THF, 77%. (e) TBAF, THF, 95%. (f)4)-(R)-|I-CH=CH-S*, 4
mol % Pd(MeCN)Cl,, DMF, rt. (g) CH—=CH—OEt (10 equiv),
20 mol % PPTS, DCM; 80%, two steps. (h) BE@; DMAP, THF,
100%. (i) NaH, THF, 0°C, then TsCl, 70%. (j) (bda)Fe(C®)5
equiv), toluene, 43C, 70%.

axial selectivities were also observed in all cases; 1:1
atropisomeric mixtures (or nearly so) were employed for
substratedc, 5¢, 5d, and5d’, yet complexation of these
sulfinyl dienes afforded complexes with axial selectivities
ranging from 5:1 to 13:1. The origin of this selectivity may
be explained by dynamic kinetic resolutitithis explanation

is supported by the discovery that stirring of each of the
chromatographically separated atropisomers of sulfinyl diene
5d in toluene (45°C, 18 h) afforded the same (nearly 1:1)
atropisomeric mixture. Thus, the atropisomeric sulfinyl

dienes are capable of equilibration under the conditions of
the complexation; the iron fragment apparently complexes
with one atropisomer faster than the other, and the less
reactive atropisomer can be equilibrated into the more
reactive one. This explanation relies upon the notion that a
syn relationship between the dithiane and the FegCO)
fragment is energetically costly. This hypothesis is supported
by B3LYP/6-31G* calculation'$ of the relative energies of
diastereomer®\—D (Scheme 3); the syn diastereom&s
andD are found to be 36 kcal/mol higher in energy than
the anti isomers. The marked enhancement of selectivities
observed fosd and5d' is likely due to the presence of the
methoxy grouportho to the dithiane; because of this more
sterically demanding environment around the dithiane, it has
fewer conformational degrees of freedom, rendering it
effectively larger in size than in the cases lackingoatno
methoxy group. This translates into raising the activation
barrier for the complexation of the iron fragment to ihe
face, thus greatly favoring the formation of isomér(a,
anti).

We have described the preparation of a new class of
enantiopure nonbiaryl atropisomeric compoutfdsxial and
planar chirality are introduced concurrently and with a high
degree of selectivity in a number of cases. Subsequent
transformations of these compounds will be reported in due
course.
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