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~pos~norcafc.rl:irionc (111) was convcrted stercospccifically, zlin thc olcfin VI, to tct,r;tli~drocafcstol (11). This miction 
scqucnce allows thc (R)-configuration to be assigned to C-16 of thc ditcrpc,iic c:rfest,ol. 

Cafcstol, the pentacyclic diterpene constitueiit 
of coffee oil, recently' has been assigned structure 
and absolute configuratiori I, in which the configura- 
tion of all asymmetric centers save C-16 has been 
assigned. The configuration a t  the A/B ring fusion 
(ant>ipodal to thc steroids) was unambiguously 
de termincd by inems of optical rot'atory disper- 
sion studies.'S2 The establishment of configuration 
a t  the B/C/D ring junctures rested primarily on 
the coiiicidencc of the rot'atory dispersion curves3 of 
the iiorkctoiic II14r5 derived from cafestol (I) and 
the norketone IV68' derived from phyllocladenc 
(V), whose 2Lbsolutc configuration has been as- 
signed as indicated in V.8-10 Subsequent degradative 
experiments coupled with rotatory dispersion 
ineasurements afforded additional evidence for the 
(mifiguration a t  the B/'C/D ring junctures as 
depickd in I." 

The preseiit woi4 demoiistratcs that the remain- 
iiig usymriictric m i t e r  at (3-16 has the (R)-coli- 
fig~iratioii '~ as indicated in YII.  l 3  
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The norltetoiie (111, cpoxS.iiorcafestaiioiie) oh- 
tained by lead tetraacetate clea1,agc of tctrahydro- 
cafestol (11)14 was converted to  the olefin (VI) by 
treatment with Wittig's reagent. The structure 
of VI, which was apparent from its iiicthod of for- 
mation as well as by its subsequent transformations, 
was confirmed by niicroanalysis and by its infrared 
,cpectrum. Hydroxylatioii of VI  with osmium 
tetroxide led to a siiigle glycol (VII, purified via its 
acetate, VIIa) whose relative configuration fol- 
lowed from coilsideration of the steric courbe of 
the hydroxylation step. 11olccular models of the 
olefin VI  (cf. VII t )  indicate that attack a t  C-16 
from the @-face of the molcculc is severely hindered 
hy the axial hydrogen atom attached to C-11. 
The large steric demands of oimiuni tetroxide in 
thc formation of the intermediate cyclic o m a t e  
ester therefore require attack from the side of thc 
methylene bridge; thus, the resulting glycol mubt 
have the (relative) configuration shown iii VI1 
((3-16 hydroxyl cis to thc methylene bridge). This 
argument is supported by the high degree of iterco- 
specificity actually obberred. Iiifrared exaniiiiatioii 
of the crude synthetic glycol and its acetate, a5 
~vcll as materials recovered from the m o t h  liquor.;, 
failed to reveal the presence of an epimeric com- 
pound. As the synthetic glycol (VII) and its ace- 
tate (T'IIa) prored to be identical, respcctively, with 
tetrahydroctifcstol (11) mid tctruhydrocnfcityl 
acsctatc (Ha), the uatural produrt has thc (*on- 
figuration depicted in VII. That this alio rcprcsents 
the absolute configuration follon-s from the prc- 
viously assigned absolute configuration of the 
methylene bridge. 

This result accords nicely with the scheme pro- 
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posed15, l6 for the biogenesis of the phyllocladene 
class of diterpenes. I n  this scheme, the carbonium 
ion IX occurs as an intermediate leading to the 
olefin X (e.g., isophyllocladene) or XI (e.g., phpllo- 
rladene V or olefin VI) by proton expulsion. 
Enzymatic hydroxylation of XI from the least 
hindered side would afford VI1 with the correct 
stereochemistry. Alternately, the ion IX may be 
solvolyzed, again from the least hindered side, 
forming the alcohol XII, which may then be con- 
verted to VI1 by oxidation of the methyl group. 
The isolation from coffee oil of the olefins X or XI 
(or the alcohol XII) corresponding to cafestol 
would provide interesting evidence for the exist- 
ence of these pathways. 

13XPERI111ENTAL17 

7'e(rahl/tlr.ocajest,yl acetate ( Ha). Crude c:tfestyl nccbt:ite18 
was purified and hydrogenated by known methods.5 The 
product, after chromatography on alumina and rccrystalli- 
zation from chloroform-ligroin, had m.p. 151-153", (lit.'!' 
m.p. 153-154'). 

Telruhydrocafeskd (11). After saponification with mrtha- 
nolic potassium carbonate, the acetate IIa afforded the glycol 
11; m.p. 157-159' after recrystallization from chloroform- 
ligroin, ( l k 6  m.p. 156-157"). 
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Rernhnrdt, hliilheirn, Germany. The infrared spect.rw were 
obt,ninrd on a Baird Model B instruincnt. 
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Eposynorcnfestanone (111). Tetrahydrocaf(salo1 was treated 
with l e d  tetraacetate in benzene solution and the product 
norketone pui ified by chromatography and recrystallization, 
m.p. 129-131 '; v::: 1757 cm.-' (no hydroxyl). (Lit.6 m.p. 

Reaction of epoxynorcafestanone w i f h  Wittig's reagenl; 
preparation of the olefin VI. A solution of epoxynorcafesta- 
none (0.25 g., 0.88 mmole) in ether (10 ml.) was added to an 
cther solution (50 ml.) of Wittig's reagent that  had been 
prepared by treatment of methyltriphenylphosphonium 
iodide (1.23 g., 3 mmoles) with 1 N  butyllithium solution 
(3 ml.). After the mixture had refluxed for 1 hr., acetone 
was added until t>he color was discharged. The reaction 
tnixture was filtered four times (with petroleum ether, b.p. 
GO-68" added) to remove the precipitate of triphenylphos- 
phine oxide. The filtrate was evaporated and the residual 
oil was chromatographed on 20 g. hlerck acid washed alu- 
mina. From the petroleum ether eluate was obtained a small 
iiniount of crystalline material, m.p. 75-79', shown to be 
triphenylpliosphine by mixed melting point and infrared 
comparison v d h  an aut.hentic sample. The olefin VI 
n-hich \vas eluted in petroleum ether: benzene niixturcs 
(19: 1 and 9:1) ,  crystallized on trituration with ether, m.p. 
G0-04", 0.11 g. Two additional recrystallizations from either 
a methylene chloride-petroleum ether (b.p. 30-60') mixture 
or from a chloroform-hexane mixture gave the product, m.p. 
G5-Gio, v::: 1664(m) and 864 (s) cm.-l A sample dried for 
analysis had m.p. 66-67'. 

Anal. Calcd. for CpoE-JaoO: C, 83.86; H, 10.56. Found: 
C, 83.50; 11, 10.54. 

Continued elution of the column with benzene-ether mix- 
tures rrsulted in the recovery of 60 mg. of the starting norke- 
tone. I n  other experiments the crude product mixture was 
resubmitted to the Wittig reaction conditions (two times) 
until the product showed no carbonyl absorption in th r  
infrared. This treatment, followed by chromatographic 
purification, afforded 0 17 g. crystalline olefin from 0.4 g .  
starting norketone. 

Reaction a/ the ole$n with osrriium tetroxide, jornullion of the 
glycol VII. Thc olefin (104 ma., 0.39 mmole) was dissolved 
in pyridine (5 ml.) with with osmium tetroxide (0.5 g., 
1.97 inmoles). After being stirred a t  room temperature for 
5 hr., the reaction mixture was worked up according to 
the procedure of Baran.20 Thus, a solution containing 1 g. 
of sodium bisulfite in 15 inl. of water with 13 ml. of pyridine 
.,vas added to  the osmylation mixture m d  stirring was 
continued for 50 min. before the dark colored solution was 
extracted with chloroform. The chloroform extracts were 
dried and evaporated to give the glycol, m.p. 145-160" 
(116 ing.). 

.4cetylation of the synthetic yl?jcol. Preparation of VIIa. 
The crude glycol (above) was dissolved in pyridine ( I O  ml ) 
\rith acetic anhydride ( 5  ml.) and allowcd to stand for 16 hr. 
:it room temperature. After the iisual work up, therc W:M 
obtained a solid, which was chromatogrnphed on 15 g. 
blerck acid washed alumina. The main band eluted in ethm 
afforded 124 mg. crystalline acetate, m.p. 135-147". After 
scven recrystallizations from chloroform-hexane mixturcs, 
there was obtained 10 mg. material, m.p. 150-153' alorii. or 
admixed with authentic tetrahydrocafestyl acetate (11s). 
The infrared spectra (potassium bromidc) of the two samplcs 
\rere indistinguishable. An additional amount (52  mg., m.p 
145-149") was obtained from the mothrr liqiiors whose in- 
frared spectrum was also identical with that  of the naturally 
tlcrived acetatr. 

Saponificntinn of the synthetic acetate, regenemlion of VII. 
The acetate VIIa (45 mg.) x a s  dissolved in methanol ( 3  ml.) 
with water ( 3  ml.) and potassium carbonate (0.5 g.). 
The, so1ut)ion was refluxed for 8.5 hr. before i t  was pourcd into 
50 ml. wat.er a n d  extracted with et,hrr. The ct,hrr rxtr:icts 
were dried and cvaporatcd, giving a white eolid, n1.J). 

129-130O.) 

(20) J. S. Baran, J .  Org. Chem., 2 5 ,  257 (1960). 
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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. 

COLTJ~IBTJS 10, 01310 

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- 

i 1) It. Adani?, S. lIiJ.aiio, : int i  I). Fl&, J .  ' I  , I / .  C'/icr)I. ,Sot , 
8 2 ,  1166 ( IOGO). 

( 'Lj 11. X d ~ i n F ,  S.  l I i J . m o ,  and 11. I ) .  Xair, .J .  .1 uz. P /w i t~ , .  
,<L~c., in prcss. 

(2) F. L. \T-arrrri : i n ~ I  lr. 1,;. T'uri I<l t .nr]~i~i~c~i~,  J .  Pllrni. 
S O C . ,  4574 (lcm). 

(4) R. Ad:inis :Inti L). PleS, J .  , I ? / ) .  Chim. Soc., 81, 4!l-l6 
( 1 ! 159). 

(5) X. J. Leori:ird m d  S. V. T3lani, J .  A m .  Chon.  Soc., 
82, 50.3 ( IcJfO). 

(6) N. I<. Kochetkov e t  al., Khim. h'aitku i Prowl. 4 ,  
ti78 (1959); Zhzir. Vsc.soyuz Khim. OLshchestea im. D. I. 
.Ilvndclceva, 5, 109 (1960) ; Chem. Abstr. 54, 2109!1i (106;O). 

( 7 )  S.  J h 4 o n a r d  in It. 13. F. hlanske, Thertlkuloids, Vol. 
!'I, Academic Press, Kew York, 1950. 
(S) D. I€. li. Barton and R. C. Cookson, Quart. REVS., 10, 

4 4 ( 1 S X ) .  
(9) 11:. K. Iiochetkov and A. hl. Likhoshrrstov, Z ~ U T .  

Vscsoyuz Khim. Obshchestva im. D. I .  Abendelceua, 5, 477 
(1980) ; Chem. A Lstr. 55, 1574g (1980). 

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). 


