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Figure 2. The structure of XeF(HF)*Sb,F |, in the crystal (ORTEP, ellipsoids with
50% probability). One formula unit is shown with the characteristic bridge
F-Xe---F-H---F-8b. The position of the proton could not be determined and
is therefore assumed; selected bond lengths [pm]: Xe-F 193.8(4), Xe-F12
235.9(4y, F11-F12 253.4(5).

device [20], colorless, yellow, and dark green crystals were separated. A dark green
crystal of approximate dimensions 0.2 x 0.2 x 0.1 mm was mounted on an Enraf-
Nonius CAD 4 four-circle diffractometer and measured at —143°C: ¢ =1041.6(2),
b =821.8(2), c=1140.4(2)pm, B =94.14(2)°, V =973.6(3)x 10° pm3; space
group P2,/n, no. 14, Z = 2, 28,,,, = 60°, Moy,, / =71.069 pm, w scan; 2966 mea-
sured reflections, 2826 independent reflections, 2810 of which are used for the
calculation, Lorentz polarization correction, ¥ scan absorption correction, max
absorption 59%, u = 9.1 mm™*. Structure solution was carried out with the pro-
gram SHELXS 86 [21], refinement with the program SHELXS 93 [22], 120 parame-
ters, R = 0.038, wR, = 0.091 [23]. XeF(HF)*Sb,F;,: From a reaction similar to
that described above, however, without addition of elemental xenon, a
0.2 x 0.2 x 0.2 mm yellow crystal was isolated, mounted, and measured at —143°C:
a=7759(1), b=3866.1(1). c=28902(2)pm, =z=1049(1), B =104851),
» =105.34(1)°, ¥V = 522.6(1) x 10° pm?, space group P1.no.2, Z =2, 20, =70°.
2156 measured, 2033 independent, 2033 used reflections, DIFABS absorption cor-
rection [24], ¢ =8.5mm™', min/max correction 1.061/1.416, 145 parameters.
R, = 0.025, wR, = 0.078 [23].
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Regio- and Stereocontrolled Conjugate
Radical Addition to a Desymmetrized
Fumarate Derivative: An Efficient Synthesis
of (—)-Nephrosteranic Acid and
(—)-Roccellaric Acid**

Mukund P. Sibi* and Jianguo Ji

The readily available, simple four-carbon dicarboxylic acids,
succinic, fumaric, and maleic acids, serve as important building
blocks in organic chemistry. Succinates with dissimilar sub-
stituents on the carbon backbone have received attention be-
cause of their potential use as components in the development
of metalloproteinase inhibitors.!!] We have recently reported
highly selective radical conjugate reactions.!?! We surmised that
regio- and stereocontrolled radical additions to differentially pro-
tected fumarates!® could be used to prepare functionalized succi-
nates (Scheme 1). In step 1, the remote chiral center is established
through a regio- and stereoselective radical addition to the fu-
marate 1 (X_ = chiral auxiliary). In step 2, the chiral auxiliary
controls the regio- and stereochemistry in the introduction of the
second substituent by an aldol process. Thus, a single chiral center

O O
X l 1_> XC L Xg
OR Ri-* OR R!
O O
1 2

Scheme 1. X, = chiral auxiliary.
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in the auxiliary facilitates the sequential introduction of multiple
stereocenters with both regio- and stereocontrol.
Trisubstituted butyrolactone natural products have kindled
much interest recently because of their wide range of biological
activity.!*l Nephrosteranic acid (4), roccellaric acid (5), and
methylenolactocin (6), differentially functionalized succinates,
are three examples of such butyrolactones. We describe here the
selective functionalization outlined in Scheme 1 and apply it in
the highly efficient synthesis of 4 and 5.
0 Ci1Hzs o CigHar o GsHi1

ol HO 0

¢} o o}

4 5 6
(-)-nephrosteranic acid {—}-roccellaric acid (-)-methylenolactocin

Lewis acid mediated addition'® of isopropyl radical to the
desymmetrized fumarate 7'} was initially evaluated to establish
optimal reaction conditions (Table 1). The auxiliary of choice
was the oxazolidinone derived from diphenylalanine!” since it
had shown the best characteristics in our earlier work. Several

Table 1. Lewis acid mediated isopropy! radical addition to 7.

O 0o Lewis acid o o pr o 0
OJ\NMCOZE 1P BugSord | O)LNMCOZE . oJkN/U\(\COZE:
f—y Ets8/0,, —78°C  \_/ / iPr
0 P e, i
ey " pi’ P e’ e
7 8 ]
Entry Lewis acid Solvent Yield. ds 8:9 [c]
(equiv) [a} [%] b} (8)[e]
1 - CH,Cl, 92 1.6:1.0 11:1
2 BF,-Et,0 (1) CH,Cl, 86 1.2:1.0 9:1
3 Mg(OTf), (1) CH,Cl, 87 1.0:1.0 7:1
4 Zn(OTf), (1) CH,CI, 88 1.6:1.0 33:1
s Sc(OTH), (1) CH,CL/THF, 4/1 95 2.1:1.0 6:1
6 Y(OTf), (1) CH,CL,/THE, 4/1 90 21:1 >100:1
7 Sm(OTf), (1) CH,CI,/THF, 4/1 95 29:1 >100:1
8 Sm(OTf), (2) CH,CI,/THF, 4/1 95 5.0:1.0 24:1
9 Ho(OTY), (1) CH,Cl,/THF, 4/1 88 13:1 >100:1
10 Tm(OTE), (1) CH,ClL,/THE, 4/t 92 47:1 >100:1
11 Yb(OTF), (1) CH,Cl,/THF, 4/1 91 10:1 80:1
12 Lu(OTf), (1) CH,Cl,/THF, 4/1 95 31:1 87:1
13 Er(OTf), (1) CH,C1,/THF, 4/1 90 33:1 >100:1
14 Er(OTH), (3) CH,Cl,/THF, 4/1 91 71:1 >100:1
15 Er(OTf), (0.2)  CH,CI,/THF, 4/1 88 3.0:1 1101
16 Er(OTf), (1) THF 93 53:1 >100:1
17 Er(OTf), (1) Et,0 90 34:1 >100:1

[a] See Experimental Section for reaction conditions. [b] Yields of isolated products.
[c] Determined from the 400 MHz 'H NMR spectrum of the crude reaction mixture.

trends are evident (Table 1). The conjugate addition reaction
proceeds in excellent yields. High regio- and diastereoselectivity
is observed with lanthanide and other selected Lewis acids
(entries 6, 7, 9, 10, 12, and 13), but the reaction is essentially
nonselective in the absence of a Lewis acid (entry 1) .18 Of the
Lewis acids examined,’! yttrium, samarium, thulium, lutetium,
and erbium triflates gave the best selectivity (entries 6, 7, 10, 12,
and 13). The high regio- and stereoselectivity observed in the
radical reactions are of significance because addition of copper
reagents to 7 leads to olefin reduction products or cleavage of
the auxiliary.l'®! Stoichiometric amounts of Lewis acid were
required for high selectivity (entries 13, 15). Whereas excess er-
bium triflate led to a small enhancement in diastereoselectivity

Angew. Chem. Ini. Ed. Engl. 1997, 36, No. 3

& VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1997

(entries 13, 14), excess samarium triflate greatly lowered both
regio- and diastereoselectivity (entries 7, 8).

These results indicate that a chelating Lewis acid is required
for high selectivity (entries 10, 13, 2). The Lewis acid selectively
coordinates to the imide group and activates the substrate for
conjugate addition § to the imide carbonyl, resulting in high
regioselectivity. Chelation to the Lewis acid also locks the sub-
strate in an s-cis conformation and the isopropyl radical ap-
proaches from the face opposite to the bulky diphenylmethyl
substituent, providing high diastercoselectivity. We have previ-
ously established that radical addition to crotonates and cinna-
mates can be accomplished with substoichiometric amounts of
Lewis acid with minimal change in yield and selectivity.[?2) How-
ever, with the more reactive fumarate 7, radical addition to the
uncomplexed substrate presumably competes effectively (en-
try 1) with that to the Lewis acid/substrate complex (entry 15),
leading to lower selectivity. The dependence of regio- and
diastereoselectivity with variation in chelating Lewis acids re-
mains unexplained.

Having established that regio- and stereocontrolled radical
addition to 7 was feasible, we turned our attention to the synthe-
sis of the nephrosteranic and roccellaric acids. This required the
addition of methyl radical to 7 followed by syn-selective aldol
reaction at the methylene group « to the carbonyl of the chiral
auxiliary. Addition of methyl radical to 7 using methy! iodide
and tributyltin hydride gave mostly the starting material.l! !}
The successful installation of the methyl group was achieved in
two steps (Scheme 2). Addition of chloromethyl radical to 7

X

O
pav. QA el
X COEt

C

10, X=Cl;11,X=H

12a, R= C11H23 4
12b, R= C13H27 5

Scheme 2. a) Sm{OTf),, CICH,I, Bu,SnH, Et,B/O,, CH,Cl,;THF, 1 h, —78°C,
91% (>100:1); b) Bu,SnH, AIBN, toluene, reflux, 12h, 76%: ¢) Bu,BOTf,
CH,Cl,, Et;N. =78 - 0°C, RCHO, 12 h, 12a: 84%, 12b: 65%: d) LiOH, H,0,,
THF/H,0, room temperature, 4: 92%, §: 94%. X, = chiral auxiliary, AIBN =
x,4’-azobisisobutyronitrile, Tf = trifluoromethanesulfonate.

(CICH,1/Bu,SnH) in the presence of samarium triflate gave 10
as a single regio- and diastereomer in 91 % yield. Surprisingly,
when erbium triflate was employed lower diastereoselectivity
(10:1) resulted. Reductive elimination of the chlorine sub-
stituent in 10 using freshly distilled Bu,SnH gave 11.1'2! We have
recently shown that differentially protected succinates undergo
aldol reactions in a highly regio- and stereoselective manner.t'3
Treatment of 11 with dibutylboron triflate and triethylamine!*#
followed by quenching of the boron enolate with lauraldehyde
and myristylaldehyde gave the lactones 12a and 12b, respective-
ly. Both aldol reactions were >98 % syn-selective as evidenced
by the NMR spectra of the crude products. Selective removal of
the chiral auxiliary from 12a gave nephrosteranic acid (4) in
92% yield, and a similar sequence starting with 12b gave
roccellaric acid (5) in 94% yield.!'>! The overall yields for
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nephrosteranic!?®! and roccellaric acids!!” were 53 and 42%,
respectively, over four synthetic steps from 7.

In conclusion, we have described a highly regio- and stereo-
selective method for the addition of radicals to a desymmetrized
fumarate. The application of this method in the efficient total
synthesis of the butyrolactone natural products nephrosteranic
and roccellaric acids has also been demonstrated. The present
methodology alleviates some of the problems encountered in
our alternate approach to these natural products.'*® Extension
to enantioselective radical additions, the synthesis of more com-
plex patural products, and development of tandem addition
protocols are underway in our laboratory.

Experimental Section

Typical procedure: To a solution of 7 (37.9 mg, 0.1 mmol) and Sm(OTf), (59.7 mg,
0.1 mmol) in CH,Cl, (2 mL) and THF (0.5 mL) in a flame-dried flask under N,,
was added iPrl (85 mg, 0.5 mmol) and Bu,SnH (58uL, 0.2 mmol) at —78°C. Tri-
ethylborane {1 M in hexane; 0.2 mL, 0.2 mmol) was then added. Oxygen (S mL) was
finally added by syringe over 10 min. The reaction mixture was stirred at —78 °C for
1 h. After the reaction was complete the mixture was diluted with Et,0 (15 mL),
washed with 10% HCI (2 x 2 mL), and brine (3 x 2 mL), and the organic layer was
dried over MgSO, . The residue was purified by chromatography on silica gel (hex-
anefethyl acetate 4/1) to give the pure product 8 (40 mg, 95%). M.p. 134-135°C;
R; = 0.55 (hexane/ethyl acetate 7/3); 'H NMR (400 MHz, CDCl;): 6 =7.35-7.20
(m, 6H), 7.12-7.06 (m, 4H), 5.27 (ddd, J=8.0, 5.6, 2.7 Hz, 1H), 4.68 (d,
J=35.6Hz, 1H), 443 (1, =94 Hz, 1H), 4.37 (dd, J = 9.1, 2.7 Hz, 1 H), 4.18-
4.08 (m, 2H), 3.34 (dd, J =18.5,11.6 Hz, 1 H), 2.74 (dd, J = 18.3, 3.0 Hz, 1 H), 2.67
(ddd, J =11.6, 5.4, 3.2 Hz, 1H), 1.98 (m, 1H), 1.25 (1, J =7.2 Hz, 3H), 0.95 (d,
J=51Hz, 3H), 093 (d, J=54Hz, 3H); 3C NMR (100 MHz, CDCl,):
6 =174.8,172.7, 153.1, 140.2, 138.2, 129.8, 128.8, 128.7, 128.3, 127.7, 127.0, 64.1,
60.7, 56.7, 49.8, 44.7, 31.0, 29.6, 20.9, 17.8, 14.4; [2]2° = —106.58 (¢ = 0.380 in
CH,Cl,); Analysis caled for C,sH,,NO;: C 70.90, H 6.90, N 3.31; found: C 71.10,
H 6.59, N 3.51.
Received: August 26, 1996 [Z 94951E]
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Direct Proof of trans-Diazene in Solution
by Trapping and Isolation of the
Trapping Products**

Dieter Sellmann* and Andreas Hennige

More than a century after the existence of diazene (N,H,) was
first postulated,!™ the structure and reactivity of this tetra-
atomic molecule is still controversial. Diazene, occasionally also
still termed diimine or diimide, is the parent molecule of all azo
compounds. It is extremely unstable in free state (AHY ;05 =
212.3+8.4 kJmol ™),/ has been postulated as a metal-bound
intermediate in enzymatic N, fixation,”® and can be stabilized
through coordination to metals in mono- and dinuclear com-
plexes.'*! The existence of N,H, in the gas phase under reduced
pressure,!®! in the solid state at temperatures lower than
~165°C,1% and in X-ray crystallographically characterized
complexest® is irrefutable. In these complexes, N,H, exhibits
without exception the frams structure A. From spectroscopic
investigations the same structure is concluded for uncomplexed

diazene in the gaseous and solid states.>©
H H H H
Jo S N e/ 4
N=N =N, \N=N@
H H
A B C

In contrast, diazene in solution still is an enigmatic species.
Only indirect proof exists for its structure and strictly speaking
even for its existence in solution. Mainly the characterization of
reaction products serves as indirect evidence that, for example,

[*] Prof. Dr. D. Sellmann, Dipl.-Chem. A. Hennige
Institut fiir Anorganische Chemie der Universitdt Erlangen-Niirnberg
Egerlandstr. 1, D-91058 Erlangen (Germany)
Fax: Int. code +(9131)85-7367
email: sellmann@anorganik.chemie.uni-erlangen.de
[**] Transition metal complexes with sulfur Ligands, Part 121. This work was
supported by the Deutsche Forschungsgemeinschaft and the Fonds der

Chemischen Industrie. Part 120: D. Sellmann, T. Becker, F. Knoch, Chem. Eur.
J. 1996, 2, 1092-1098.
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