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M 4t3 © a-slylaldehydes, a-silyl radical, 1,5-hydrogen transfer, (+)-heliotridine,
(-)-retronecine, total synthesis, stereoselectively , radical cyclization.

Part |

We studied the possibility of using 1,3-silyl shift to promote carbonyl radical
cyclization. Two types of cyclization systems were examined. Thefirst type
involved the cyclizations of a-silylaldehydes, and the other one dealt with a-silyl
radical cyclizations with a-sulfonylaldehydes. The a-silyl radical cyclization
system gave preferentially the straight reduction product. Thisis probably due
1,5-hydrogen transfer problem even when we designed a sulfonyl substituent at the
a-position of the carbonyl group. The a-silylaldehyde cyclization system also met
with failure. The cyclized intermediate alkoxy radical underwent -scission to give
arearranged straight chain product.

Part 11

Formal total synthesis of (+)-heliotridine (4) and total synthesis of (—)-retronecine (5)
were accomplished by starting from the same enantio-pureimide 6. The
stereogenic center of 6 ended up as C-1 in both alkaloids. The chiral centers at
C-7aof the akaloids were stereosel ectively constructed through the help of the
adjacent functionality at C-1. The B-rings of the alkaloids were formed through
a-sulfonyl radical cyclization strategy.
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Pyrrolizidine akaloids are important class of compounds that continued to
attract the attention of synthetic chemists™® Several years ago (Scheme 1), we
developed an a-sulfonyl free radical cyclization strategy in the synthesis of
supinidine (3), the most simple unsaturated necine base of the pyrrolizidine
alkaloids.® In this letter, we wish to report the successful stereoselective synthesis
of (+)-heliotridine (4) and (-)-retronecine (5) using similar methodol ogy.

Our synthetic strategy started from enantio-pure imide 6 (Scheme 2) which can
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be synthesized easily from (=)-malic acid.* The pre-existing stereogenic center in
imide 6 can be transformed into C-1 of (+)-heliotridine (4) and (-)-retronecine (5).
Relying on the oxygen functionality of this stereogenic center, we planned to
construct the adjacent chiral center in a controlled fashion. Asshown in Scheme 3,
imide 6 was coupled with 2-phenylthioethanol using triphenylphosphine and
diisopropyl azodicarboxylate (DIAD).”> The resulting imide acetate product was
then stirred in methanol with the presence of catalytic amount of camphor sulfonic
acid (CSA) to afford imide alcohol 9 in 78% yield. Treatment of imide alcohol 9
with excess lithium trimethylsilylacetylide (3 equiv) gave a mixture of
diastereomeric lactam diol 10a. This diol mixture was directly reduced with
triethylsilane and borontrifluoride etherate to give lactam 1la as a single isomer
(96% yield from 9).° The stereocontrol of the reduction step was excellent.

Scheme 1
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In fact we have put different blocking group on the C-4 hydroxyl group of
lactam diol 10a to examine the stereoselectivity of the reduction (Table 1). In the
case with triethylsilane and borontrifluoride etherate (entries 1-4), the reduction of
the unprotected lactam diol 10a (entry 1) gave the highest yield with excellent
trans-stereoselectivity. Even when we used a bulky t-butyldiphenylsilyl group to
protect the C-4 hydroxyl group (entry 4), the reduction yielded lactam 11d as the
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major product (11d/cis isomer = 75/25). These stereochemical outcomes can be
rationalized by the chelation effect of the C-4 oxygen substituent that directs the
hydride attack from the same side®®’ The stereoselectivity was converted into
dight preference of the cisisomer (entries 5-7) when using sodium
cyanoborohydride in acetic acid. However, surprisingly the reduction of 10d (entry
8) under this condition still gave 11d as the major product.

Scheme 3
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Tablel The stereochemica outcome of the reduction of lactam carbinols 10a-d.

Entry Substrate Method® | Products (ratio of trans/cis)® | Yields (%)
1 10a A 11a° 9
2 10b R=Ac A 11b° 17
3 10c R =Bn A 11c° 51
4 |10dR=TBDPS| A 11d + cis isomer (75/25) 68°
5 10a B 11a + cisisomer (40/60) 70°
6 10b B 11b + cisisomer (43/57) 72"
7 10c B 11c + cis isomer (40/60) 73"
8 10d B 11d + cis isomer (60/40) 40°

®Method A: Et;SiH, BF5-OEt,, CH,Cl,, =72 to 0 °C; Method B: NaBH5CN, HOAc, rt.  "The

stereochemistry was determined by nOe experiments.  “Only observed the trans isomer.
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“The two isomers can be separated easily by silicagel column chromatography. Theyields

are combined isolation yields.

With lactam 11a in hands, the hydoxyl group was then protected as acetate by
the reaction with acetic anhydride to afford 11b (92%). Treatment of 11b with
NCS in carbon tetrachloride gave the a-chlorosulfide® 12 that was directly oxidized
with MCPBA without purification to give a-chloro sulfone 7 (86%). The reaction
of 7 with excess tributyltin hydride (3 equiv) afforded bicyclic lactam 13 (81%) as a
mixture of two isomers epimeric at the exo-cyclic chira center. This process’
involved the generation of a-sulfonyl radica®® 18 first (Scheme 4).
Intramolecular cyclization of 18 gave alyl sulfone 19. Further addition of
tributyltin radical to the allyl sulfone moiety of 19 yielded the Sz2' product 13.**

Scheme 4
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22 X =SnBug, Y = SiMe; (58%)
23 X =Br, Y = SiMeg (97%)

24 X = OAc, Y = H (84%)
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The final stage of the synthesis requires the conversion of the allyl moiety to
an alylic alcohol. This was accomplished by the reaction of bicyclic lactam 13
with two equivalents of phenylslenenyl bromide in acetonitrile to obtain bromide 14
in 90% yield.? This process involved the formation of selenide 16 which reacted
further with phenylslenenyl bromide to give bromide 14. Note that large excess of
lithium bromide (8 equiv) was added to facilitate the reaction. Without the
addition of lithium bromide the initial formation of selenide 16 was aways
containminated with allyl bromide 17. Bromide 14 was displaced with potassium
acetate in the presence of 18-crown-6. The silyl group was also removed in the
same step when small amount of water was present. This led to the formation of
diacetate 15"*2in 58% yield. The conversion of diacetate 15 to (+)-heliotridine (4)

has been reported by Hart et. al.*3°

Scheme 6
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As mentioned above, sodium cyanoborohydride reduction of lactam diol 10a
in acetic acid (Table 1, entry 5) afforded the cis-isomer of lactam 11a as the maor
product. However, the stereoselectivity of this reduction is not satisfactory for the
synthesis of (—)-retronecine (5). We decided to employ the methodology reported
by Vaseela and Biirli** to intramolecularly deliver the trimethylsilylacetylene group
with the help of the adjacent hydroxyl group. In this direction (Scheme 5), we
started from imide 9 and regioselectively reduced the carbonyl group adjacent to the
hydroxyl group using sodium borohydride under the condition reported by
Speckamp.®® The resulting crude a-acylamino alcohol was converted directly to
the methyl ether 20 (95%) in methanol with catalytic amount of p-toluenesulfonic
acid. The methyl ether 20 was first silylated with diethyl trimethylsilylethynyl
chloro silane' in the presence of triethylamine and catalytic amount of 4-DMAP in
dichloromethane.  The reaction mixture was then cooled to —78 °C followed by the
addition of excess titanium tetrachloride (3.7 equiv). This one pot process
successfully gave the lactam alcohol 21 with a cis-relationship of the hydroxyl and
acetylenic groups. Thisreaction involved the formation of silyl ether 25 (Scheme 6)
first. The addition of titanium tetrachloride to the solution of 25 generated the
acyliminium ion 26 that further cyclized to form the vinyl cation intermediate 27.
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Desilylation of 27 regenerated the acetylenic group at the same side of the
transporting oxygen atom. The rest of the synthesis was carried out in a similar
fashion as in the case of (+)-heliotridine (4). Thus, as shown in Scheme 5,
acetylation of lactam 21 followed by chlorination and oxidation afforded a-chloro
sulfone 8 in an 85% overall yield. Radical cyclization of 8 provided bicyclic
lactam 22 (58%). The bicyclic lactam 22 was then converted to allyl bromide 23
(97%). Substitution of bromide 23 with potassium acetate gave the desilylated
diacetate 24 (84%). Finaly, lithium aluminum hydride reduction of 24 produced
(-)-retronecine (5)* in 63% yield.

In summary, starting from (-)-malic acid derived imide 6 we were able to
synthesize either (+)-heliotridine (4) or (-)-retronecine (5) with high
stereoselectivity. Relying on the pre-existing stereogenic center in imide 6, we
could construct the newly formed adjacent chiral center at will. The B-ring of the
target alkaloids was formed through a key radical cyclization strategy involving
a-sulfonyl radical. The methodology developed here has the potentia to be
extended to the synthesis of the more functionalized akaloids of the same type.
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