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Abs&wt-Application of lhc Mund) .~‘~xyllxtam rearrwpemcnt to 6. methyl. 2. pipcridonc has led to ;I synfhe& of 
opricallp active dlhydropmidinc, confirming the abu~lurc configuration of the pint alkaloid pinidinc. and to a new 
synthesis of the tire ant toxin. SoImoprin A 

A small subgroup of piperidine alkaloids’ contains the 2 . 
alkyi - 6 - methylpi~ridi~ skeleton 1, the main re- 
presentatives being 2.6 - di~thyipi~ridine. the pine 

alkaloid pinidine’ 2. and the alkaloids of fire ant venom’ 

&7. Himbeline’ is a more complex member. as are the 
hydroxylated alkaloids of structure 8: carpaine,’ cassinc.” 
carnavoline‘ prosofrinc and prosofrinine.” 

The most commonly used general synthetic route to 
this family is reduction of the co~es~nding pyridine: 

this approach has been applied to pinidine’ and di- 
hydropinidine,’ carpaine derivativcs,‘O the fire ant alk- 

aloids,’ and in approaches to the Prusopis alkaloid\.” 

The nitroalkane-kctoaldchyde condensation method of 
Brown ct al.” provides a general route to the aminoal- 
cohols of structure 8. It appeared to us that an al- 

ternative path to the alkaloids of skeleton 1 might pro- 
ceed ciu a common intermediate containing an (I- 

methylpiperidine ring to which various alkyl groups 
could then be attached at rhe other a-position. Such an 
approach might not only permit the synthesis of s5 from 
a single intermediate. but could also establish absolute 

conjurations by leading to optically active alkaloids 
from a chiral intermediate. 

An obvious intermediate is 6 - methyl - 2 - piperidone 

9. available in optically active form of known configura. 

tion.” with a carbonyl at C-2 as a handle for the 

introduction of alkyl groups. We report here a brief 
examination of the application of the Mundy N-acyllac- 
tam rearrangement” to lactam 9 which has provided a 

synthesis of optically active di~y~ropinidine. confirming 

the absolute configuration of pundine. as well as a new 
synthesis of Solenopsin A 3. the fire ant alkaloid. 

For the synthesis of dihydropin~ine 14. the rccemic 
lactam 9 was converted to imide 10 in 67% yield using 

n-butyryl chloride and pyridine at room temperature. 

The Mundy rearrangement involves the pyrolysis of N- 
acyllactamc with calcium oxide; in order to achieve 
reasonable yields in this series, we found it necessary IO 

reflux the reaction mixture for I.5 h before distilling. 

lmine 12 was isolated in 31% yield after redistillation, then 
hydrogenated to t).t.~ihydropinidine in 75% yield. Only 
the ris isomer was found, as expected for catalytic 
hydrogenation. and the IR spectrum of the product was 

identical with that of an authentic sample. 

Repetition of this sequence beginning with (S)_( + j-9 

of Kn.S% optical purity afforded (- 1 dihydropinidine 
hydrochloride, in);:- 9.1” (ethanol), while a sample of 
the hydr~~o~~e derived by hydrogenation of natural 

pinidine had [a]:; * It.7 (ethanol). This synthesis from 
(S)-9 shows that (- ) dihydropinidine hydrochloride is 
the (2R. 6.~) isomer and that the dihydro derivative of the 

alkaloid is the (X6R) enantiomer. Pinidine con- 
sequently has the (2R.6R) configuration, in agreement 
with the absolute con~guration derived earlier in this 

laboratory” by a completely different correlation. 

Though the Mundy method works satisfactorily for the 
pinidine skeleton, application IO the synthesis of colen- 

opsin-A 3 was plagued by poor yields. Pyrolysis of N - 
lauryl - 6 - methyl . ? piperidone II over calcium oxide 
gave imine 13 in about 5% yield after extensive chroma- 

tography. Reduction was cffectcd with sodium boro- 
hydride m order to increase the prounion of frans 

prduct. Direct CiLC comparison with authentic samples 
supplied by Dr. J. G. MacConnell confirmed the identity 
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9 IO: R = n-C,H- 
II: R z n-C,,H,, 

of the synthetic product as 3 and showed it to be a 4: 1 
mixture of cis and rrarr~ isomers. 

Thus. while the N-acyllactam route has provided a 
new synthetic approach to the fire ant alkaloids. the low 
yields make it unattractive for the attachment of long 
alkyl chains. Moreover, like previous methods which 
construct 2,6 - dialkylpiperidines hy reduction of a 
pyridine ring or imine double bond. it leads pre- 
dominantly to cis isomers, and is not a satisfactory route 
IO the IWIS alkaloids. Other possibilirics are being pur- 
sued. 

?X_N. 

IR yxc~ra were recorded on neat hquids on a Derkin.Elmcr 
model 157 grating spcctrophotomcter. while NMR spectra were 
taken m CCI. solution on a Varian AbO instrument. using TMS 
as an internal standard. 0p11cal rotatmns were measured on a 

Perkin-Elmer model I41 polarimc~a; c is reported as g per 
100ml. M P.s were detcrmmcd in a Thomac-Hoover od rm- 
mcrsron apparatus and arc uncorrected. 

‘The optically active lactam was prepared following the pro- 
cedure of Cervinka <I 01” 7 _-Mcrhylpipcridinc (Columbia Organic 
Chemicals) was resolved by slow crystallization (2-3 months) of 
rhc rhtartaric acrd salt as described by Leitk.” After four 
rtcryslallirauons of the salt from ethanol-ethyl acetate the amine 

had IalF- !R.P (neat. I dm). lit ” fuf~- 36’ (ncatr. Ren- 

roylation gave the N-bcnzoyl derivative. m.p. 65-68” tether). 
[a]g* 37 tc 20. ethanoll. lit.” m.p. 69-70’. [oj~-41c (c 2.0. 
ethanol) m 7M y~ekf. Oxidatron with potassium permanganate. 

as dcscrrbcd by Runrel.” led IO S bcnroyl - 6 . ammocaproc 
acid, m p. llbll‘? (water). [of: t l9(P (c 199. ethanol). h1.” 

m.p. l!l-I!?. la): + 22.6’ (c 1.99. ethanol). in 35% yield. 

CycLtion at 16.5’ for 3 h. followed by distillation. gave !v’ 
knzoy I . 6 methyl . 2 pipcridonc. b.p MO- 14!’ (6 mm) in 67% 
yield; the imule solidified on cooling but was directly hydrolyzed 
with 5% potassium carbonate solution. f.9) - ( + ) . 6. Methyl . ! 
prpcridone 9. obtained in 75% yield. had m.p. 39-80.5” (ethyl 

acclaIe). [a 1: - 24.6’ (c 2.01. water). lit.” m.p. 81-82”. [o],‘p - 
27.8’ rc 2.03. Wider). 

N.n-Hur~~lbmnh~l.2.piprridunr IO 

In a ‘O-ml round-bottom flask scakd wrth a rubbcr upturn was 

placed I.! p of 0.1:9.” 2. I g of dry pyridinc. and 30 ml of dry 
bcnrenc While the solution was magnetically stmed and cooled 
m an ICE bath a solution of I.41 g of n-hutyryl chloorrdc in 5 ml 
knrcnc was added by syrmp over I.( min: precrprtatron of a 
white solid occurred qurckly. Tk mixture was strrrcd overnight 
at room rempcraturc. filtered. diluted with IXJmf bcnlenc. and 
washed with IOS Ht.1 (3~ 2Omlr and IOS NaOH t2Oml). After 
drying over Sa,SO, and concentrating at reduced pressure. the 
r&due (I 42gr was distilled IO give RI.-IO. I 2g (65.64). as a 
pale yellow viscous liquid. b.p 140-145’ (0.5 mm). IR 16% ts) 
and 163Orm)cm ‘, no absorptron at 3-m)-34OOcm ‘; SMR 6 0 Ro 
(1. 3H). I 10 cd. 3ff). 2.55 tm. 4H). IhI fm. 7H) 

Rcpcatmg ~hc acylation with (SH * r-9 gave t.S).( * r-10 m 
6?4 yield. [a]g + 60 I’ Cc 1.16. ethanol). 

6.Melh)I.!.n-pn,pg/pcprrideinr I2 
Followmp rhc general procedure of Mundy.” I 5 g of racemrc 

amide IO was thoroughly mixed with an equal weight of calcmm 
oxide and gently heated under redux with a small flame for I.5 h. 

12: R = n-C’,H. 14: R L n-C,H. 
13. R - n-<‘,,H:, 3: R = n-C,,H,, 

and fhe mixture then drstillcd a~ atmovphcric pressure over 
30 min The crude product 10.65 g) was redistilkd in a Kupclrohr 
tube. bp. 70-75’ (oven) at 0.1 mm. giving 0.1 mm. grving 0 35 f 

(3&X) of rmrnc 12. IR IhbOcm ’ tm). no absorption at 169Ocm ‘; 
NMR 6 0.81 II. 31~). I.11 rd. 3Hr. I.!-I.R tm. 7H). 2 I! fm. 4Hr. 

In rhc opr~cally actrvc series. the immc from ( + bl0 was 
prepared on the same scale in 26% yield, b.p. 75-w (oven) at 

0. IO mm. 

cis - 6 .Why/ ! . n pmp~lp~pmtidint Cdihydrupinidm) I4 
A sohuron of 278 mg of IU-I~ in I ml of IO?+ HCI was 

hydrogenated at atmospheric pressure over I5 mg of ICm PI/C. 
One equivalent t-50 ml) of hydrogen was taken up in 35 h. After 

filtering the catalyst. IIE filtrate was neutral&d with cold SO5? 
KOH and extracted with ether (3 x 20 ml) The drKd tSarSO.) 
extracts were distilled (Kugclrohr) IO yield 2lOmg (74 5%) of 
D.I -14. b.p. l75- lll(r (lit.’ b.p. I76 177’): NM 6 0.X5 (I. 3Hr. I.1 I 
(d. 3H). 3.3 (broad m. 2H). 3.3 (broad m. 2H). 1.4-2.2 (m. II H) 

The IR spectrum was identical with that of authentic di- 

hydropimdme 
The hydrochlorrdc. prepared by passing HCI gins mto an ether 

solutron. was recrystallized twice from 2. I ethyl acctate+thanol 
IO furnish colorkss needles. m.p. 210-213’ flit.’ m p. 219-D”). 
IIS IR spectrum was identical with that of authentrc dr- 

hydropinidinc hydrochloride. 
CR. 6.9~14. prepared similarly in 76.5% yrcld by hydrogenation 

of the optically KIIW imme. had b.p. I73-18CP Its hydroch- 
Ion&. m p. !I.C222. showed [ali: - 9.1’ tc 1.03. ethanol) The 
IR spectra of both rhc free bau and hydrochlorldc were rdentrcal 
with those of authcntlc samples. 

AurhMc dihydropinidinr I4 
A sampk of M-bcnzoylpinidinc” was hydrogenated in ethanol 

solution over lm PdlCat atmospheric pressure: one equivaknt 
of hydrogen was taken up in 6 h Concentration of the filtered 

sotutron kft N-bcnzoyldrhydropinidine as a viscous od. IR 1630. 
1600. 1580. 149Ocm ‘, no absorption at %Scm ’ The amide 

(400 mg) was heated overmght at 9S- Io(r wrth 2 ml of cont. HCI 

in 2 ml of gtaciaf acetic acid The mixture was ncutr-ahzed wrth 
cold SOS KOH and extracted with ether (3 x 30 ml). Dirillation of 

he extracts gave I85 mp (79S) of dihydropuudinc. b.p. 17%l8@ 
11s hydrochloride had m.p. !IS-22U’ (III.’ m p 244-246’3. [o]Z + 
12.F tc 1.07. ethanol). lit.’ [a]:: + 12.7 (c 1.07. ethanol) 

6 Mcrhyl . 2 n undecypiprridinc (solmoprin A) 3 
S . lauryl . 6 - methyl ! . prprrdonc II was prepared from 

0.1-9 and lauryl chloride by the same procedure used for IO. 
Afler chromatography over silica gel in benzene. the viscous 
rmrdc had IR 1700 cm ‘, SS4Hw 6 091 (I. 1H). I II rd. 3H). 1.2s 
(narrow m. l8H). Pyrolysis of I.25 g of 11 with calcium oxide. as 

described above for 12. gave !JOmg of crude product; ~hc IR 
spectrum showed it IO k a mixture of rmine I3 and unrcacted 
imnk II. The mixlurc was chromatographed on 400 of silica gel; 
ether clu~cd the unrcactcd imrde. ahik clution wrth methanol 
yrclded rmmc I3 (50 mpr as .S pale yellow hqud. IR 166Ocm ‘. 

Rcductron of I3 with sodium borohydridc in ethanol gave 
ammc 3. whose IR spectrum vhowcd no absorption at 1660 cm ’ 
GIL’ analysis was camcd OUI on a Ovarian Aerograph instrument 
with hame rorulation detector. using 5% SE.30 on Chromosorb 
W. 60-M~ mesh. column remp IMP. He Row rate 60 ml:min. ‘The 
product showed IWO peaks in a 4: I rauo with rctentron times of 
4.25 and 4.70 min. idcntrcal wrth the retentron times of authentic 

CIS and fmnr 6 - methyl . 2 n - undecylprpcrrdmcr’ under the 

same ion&ions. 
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