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t-l!)-l Xiu, whose infrurrd spectrwn (potassium bromide) 
way identical with tli:tt of t ~ t r a h ~ d r o c a f ~ ~ s t o l .  After one 
rvcrystallizatiori froiii L.hloruforin-iiesarlc, there was ul)- 
tailled 26 ~ n g .  g11col (VII ) ,  111.p. 15+158", undcpreascd 
upon ~tdinixt~ure with aiitlwiitic tetr;thvclrocafrstol (11) :uid 
having an  identir:il iiifrared spcxtruni (potassium broniide ). 

Infrared examination of the first crude samples of the 
synthetic glycol arid its acetate, as \+ell as of the Inaterials 
recovered from various mother liyiiors, failed to reveal the 
prvserice of iin epimeric curiipouxid. 
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Synthesis of dl-Isoretronecannl 

In prcvious papers1** from this laboratory, the 
of 1-hyclroxypyrrolizidine and 1-hydroxy- 

moth~1-3-hyd1,o~yp~rrolizidine were describrtd. Tho 
c,stnblishmrnt of the absolute configuration of the 
C-1 atom in heliotridnri~~ and ~etroiiecanone~ has 
permittcd the deduction of the absolute configiira- 
tion of ihc C-1 atoni in a large number of naturally 
occurring p:;rrolizidiiic alcohols. IIowever: synthesis 
I t w h g  to a stcrcocheniically pure hydroxymethyl- 
pyrrolizidirie has h r n  accomplished only recently.5~6 

AltJogr!ther four l-hydroxvrneth!-Jp~~rroIi~id~i~~s,  
:ire kriown, ti.ac.helaiitliamitlinc ( T ) ,  laburiiinr (11), 
i~oretronr~aiio1 ( I  I I ) ,  and lindelofidirw ( Iv).' 
, \s t,he rings i r i  thc pyr.rolizitliiit: moiccwlt: 

nrc inclined at an angle to thc plane of the> paper 
:ilong thc C:--S axis, structurrs 1 and I1 rcprcscnt,- 
ing trachclanthnmidinc and laburnine (a pair of 
mautioniers) arc thermodynamically morc st ables 
than isoretronecanol and lindelnfidiiie. Exrept for a 
i ~ r y  rcrcntly rcpoited synthesis" of dl-isorct 1,0- 
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nrcanol, all previous synthetic methods5,!O yielded 
only the racemate which consisted of the thermo- 
dynamically more stable trachelanthamidine or 
laburnine. 

We have now accomplished a stereospecific syn- 
t,hesis of dl-isoretronecanol. 2,3-Dioxo-l-carbeth- 
oxypyrrolizidine (V), prepared by the condensation 
of diethyl oxalate and ethyl 2-pyrrolidylacetate,* 
was reduced with 5% rhodium on alumina catalyst 
and hydrogen to 1-carbethoxy-2-hydroxy-3-oxo- 
pyrrolizidine (VI). Dehydration using p-toluene- 
sulfonyl chloride and pyridine gave 1-carbethoxy-3- 
oxopyrrolizid-l,2-ene (VII) in good yield. Reduc- 
tion with rhodium on alumina 

catalyst and hydrogen a t  atmospheric pressclre and 
temperature saturated the olefinic double bond and 
yielded 1-carbethoxy-3-oxopyrrolizidine. This last 
product upon treatment with lithium aluminum 
hydride in tetrahydrofuran gave in good yield 1- 
hydroxymethylpyrrolizidine, which was dl-isoret- 
ronecanol. The infrared spectrum of synthetic dl- 
isorctronecnnol picrate was identical with that of I- 
iwretronecanol picrate. l l  The spectrum was very 
Pimilar to but different in detail from that of dl- 
trachelanthnmidine. Reaction of dl-isoretronecanol 
with benzoyl chloride yielded dl-1-benzoyloxymeth- 
ylpyrrolizidine as a low melting solid. The infrared 
spectra of dl-1-benzoyloxymethylpyrrolizidine pic- 
rate and I-benzoylisoretronecanol picrate were 
bupcrimposable. Treatment of dl-isoretronecanol 
rvit h thionyl chloride yielded dl-chloropseudohelio- 
tridane characterized as its picrate. 
(10) N. J. Leonard and D. L. Felley, J .  Am. Chenz. SOC., 

(11) R. Adams and K. E. Hnmlin, J. Am. Chem. SOC., 
72,2537 (1950). 

64,2507 (1042). 



In  this synthesis the hydrogen during the 
Catalytic reduction of I-carbethoxy-3-oxopyrrolizid- 
1,2-ene to I-carbethoxy-3-oxopyrrolizidine is added 
stereospecifically. As would be expected, the ap- 
proach of the catalyst and hydrogen has to be by 
necessity from the less hindered side of the pyr- 
rolizidine nucleus thus pushing the carbethoxy 
function to the inside of the fold. Stereospecific 
catalytic reductions in the pyrrolizidine alkaloid 
field are well known-e.g., conversion of desoxy- 
retronecine to retronecsnol,I2 isoheliotridene to  
heliotridano,I3 and retronecine to platynecine.'* It 
is significant that  in the synthesis of isoretronecanol 
reported' by the Soviet workers, the last and key 
step is the catalytic reduction of l-carbethoxy- 
pyrrolid-1,Zene to 1-carbethoxypyrrolizidine. 

Attempted synthesis of the unsaturated amino 
alcohol supinidine (VIII) by lithium aluminum 
hydride treatment of I-carbethoxy-3-oxo-pyrrolizid- 
1,2-ene failed. The product could not be purified. It 
still retained the lactam function as evidenced by its 
neutral character and infrared spectrum. Stepmise 
reduction under a variety of conditions was 
attempted without success. 
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l -Carbethoi i / -3-ozopy~rolzz~d-~,Z-ene (\?I). T o  a soliltion 
of 2.8 g. of l-cart~ethoxy-2-hydroxy-3-oxopyrrolizidine* 
in 12 nil. of dry pyridine was added 5.5 ( 2  mole equiv.) of 
recrystallized p-toluenesulfonyl chloride. The resulting pale 
yellow solution was lrft in the ice-box for 80 hr. The  pyridine 
hydrochloride was filtercd off, washed with 3 ml. of pyridine, 
the  filtrate acidified with 20% hydrochloric acid, and ex- 
tracted repeatedly with chloroform. The crude residue which 
was a mixture of the tosylate and the dehydrated product 
was dissolved in benzene and put  on a column of neutral 
alumina and eluted succcssively with benzene, ether, and 
1 : 1 ether-chloroform. The  ether and ether-chloroform 
eluates were evaporated and the residum consisting of 
colorless crystals, 1.8 g. (737,) ,  recrystallized from 11- 

hexane; m,p., 92-93", T h r  infrared spectrum did riot show 
tho presence of a hydroxyl or tosylate grouping. 

Anal. Calcd. for CloHl,KO,: C, 61.60; H ,  ti.68; K, 7.18. 
Found: C, 62.08; H, G.79; K, 7.48. 

l - C a r b e t h o ~ : l i - 5 - o s o p : l i r ~ o l ~ ~ ~ d ~ ~ e .  A solution of 500 mg. of 
I-carbethoxy-3-oxopyrrolid-1,2-ene in 15 ml. of glacial 

tic acid was hydrogenated in the presence of 150 mg. of 
rhodium on alumina at, atmosph6ric pressure and tem- 

peraturrl. The  theorrtical amount for 1 mole was absorbed 
in  15-20 miri. The catalyst was filtc,rtd off and the solvent 
removed under reduced prrssare. The rmidual oil W ~ S  dis- 
tilled in high vacuimi to give a colorless oil, b.p. !l!)-lOOO/ 
0.2 mm. (air bath). 

(12)  It. Adams and E. F. Rogers, .J .  Am. Chem. SOC., 63, 

(18) It. Atlanis and J. E. Mohan, ,I. Ani.  C'henz. SOC., 65, 
,?Xi (1041). 

"0!) ( 19-13). 

Anal. Calcd. for C I O H I ~ S O ~ :  C, (i0.8!3; 13, 7.60; X, 7.10. 
Found: C, 60.82; H, 7.61; N, 7.35. 

dl-lsoretronecanol. To a solution of 1.2 g. of l i fh i i im alumi- 
num hydride in 60 ml. of freshly purified tctrahydrofurnn 
was added in drops a solution of 3.4 g. of 1-carbethoxj4- 
oxopyrrolizidine in 40 ml. of tetrahydrofuran. The mixturc 
was stirred under reflux for 3 hr., exccss of hydride clccom- 
posed by cautious addition of wet tetrahydrofuran, and thc 
precipitate filtered off through Super-cel. The filtrate \vas 
evaporated under reduced pressure and the rosidiial oil 
distilled in high vacuum to  yield a colorless oil, b.p., 97-!18"/ 
0.7 mm. nZ4J0 1.5010 (lit." b.p. of 2-isorectroriecariol I:{!+ 
140"/8 mm.). 

Anal. Calcd. for C,Hj,NO: C, 68.04: H. 10.7: S.  !).91. 
Found: C, 68.27; H, 10.8; K, 0.k1. A portion of t k  o i l  WLS 

converted into its picrate in ethanol. Ilrcr?.stalliz:ltiori froiii 
ethanol gave needles m.p. 188-189"; (lit ." 1n.p. of i-iso- 
retronecanol i k r a t e  193-194"; dl-isorc~troiic~cai~ol i ~ i ( ~ r : i  tc3 
185.5-180.5'): 

Anal. Calcd. for C8HIr,T\'0.C6H,SJ0,: c, 13.40; 11, 4.80; 
N. 15.13. Found: C. 45.43: H.  4.70: N .  15.17. A ~)ic~roloii:tt(~ 

, I  , I  

was prepared in and crystallized from et,hanol to givts p:il(~ 
yellow needles, m.p. 1i5..5-17ti0 (lit.'4 n1.p. of di-isorc,t 1'0- 

necanol picrolonate 176-177'). 
Anal. Calcd. for CsHldY0.CIOHSS4O5: C, 53.32; H,  5 . i 1 ;  

X, 17.27. Found: C, 53.37; H,  5.70; X, 17.08. The infrnretl 
spectra of dl-isoretronecanol picrate and l-isoretronccanol 
picrate determined in Sujo l  mull and as potassium bromid(1 
discs were superimposable. 

dl-Benzoylisoretronecanol. A solution of 90 mg. of dl- 
isoretronecanol in 5 ml. of reagent chloroform was shaken 
with 150 mg. of benzoyl chloride. The  mixture W:LS warmed 
on the steam bath for 15 min., cooled and ether a d d d  to 
turbidity. The resulting oil failed t o  crystallize. 1Iost of th(8 
solvent was removed and the remaining chloroform solutio11 
shaken with 10yc aqueous sodium hydroxide. Thp organir 
layer was washid once with water, dried (sodium sulfatv), 
and evaporated to  yield an  oil. Distillation in high vaciiimi 
gave a colorless oil, h.11. 118-120°/0.2 mm (air txi th) .  011 

cooling in Dry Ice-acetone it solidified to  a low melting 
solid. The picrate was prepared in ethanol and crystallizc~l 
from ethanol to givr pale yellow needles; m.1). 138.5' (1it.l' 
m.p. of I-l)~,iizoylisoretroriecanol picrat,e 130-131 "). 

Anal.  Calcd. for CliHl&0&H3N307: C, 53.14; H, 4.67; 
Y,  11.81. Found: C, 52.99; H, 4.48; N, 11.83. The infrarcd 
spectrum dettarmined in chloroform solution was idc~nticnl 
to  tha t  of I-beiizoSlisoretronecano1 picrate. 

dl-Chlorohrliotiidane. To  90 mg. of dl-isoretronecanol 
was added in drops with cooling 1.5 ml. of thionyl chloride 
nnd thr mixture boiled under reflux for 1 hr. The exwss of 
thionyl chloride was removed under reduced prcssure and 
the dark residue diluted with ice-cold watcr, filtered, h s i -  
fied with 10% aqueous sodium hydroxide, and extracted with 
chloroform. The extract was washed onccx wi th  u.ntc,r, 
dried (sodium sulfate), and txv:iporatcd to  give an oil. l'hc, 
picrate \vas prepared in and recrystallized from cthanol to 
eive ncd le s :  m.n.  188-189" (1it.l4 n1.p. of l-c~hlorohc~liot~i- - 
(lane picrate 185'). 

4 m l .  Calcd. for CRH1JC1~C~H3S3O,: C ,  4:3 2 3 ;  11, 4.4 ;  
K, 14.4. Found: C ,  13.?f; €I> 4.30; S,  14.42. 
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