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[aI2% -104.3' (c 0.79, benzene); tlc Rf 0.55 [silica gel G, absolute 
methanol-benzene (15:85), sprayed with 50% sulfuric acid and de- 
veloped at  120'1. 

Anal. Calcd for C14H1904N: C, 63.29; H, 7.22; N, 5.28. Found: C, 
62.95; H, 7.20; N, 5.60. 

N-Benzoylristosamine. Methyl N-benzoylristosaminide (111 
mg) was hydrolyzed in 6.0 ml of 0.1 N hydrochloric acid for 1 hr on 
a steam bath. The cooled solution was neutralized to pH 7.0 with 
about 1.0 ml of Dowex 2 (OH-) resin, filtered, and evaporated to 
dryness. On standing in the refrigerator, the compound 5 crystal- 
lized as fleecy needles. Recrystallization from distilled water gave 
53.9 mg (51.3%), mp 131-133', [.I2% -14' (c 1, ethanol), after 10 
min -11', tlc Rf 0.25 (conditions described above). 

Anal. Calcd for C13H1704N: C, 62.14; H, 6.81; N, 5.57. Found: C, 
61.56; H, 6.69; N, 5.50. 

A'-Benzoyl-D-aspartic Acid from N-Benzoylristosamine. 
N-Benzoylristosamine (130 mg) and 135 mg of sodium periodate 
were dissolved in 4.0 ml of distilled water. The reaction mixture 
was then allowed to stand for 20 hr at room temperature in the 
darkness. In the meantime the pH of the mixture was maintained 
at 4-5 with 0.5 mol of sodium bicarbonate. A t  the end of the reac- 
tion time the solution was evaporated to dryness at a temperature 
not exceeding 30'. The residue was taken up with 5.0 ml of abso- 
lute ethanol and filtered and the solvent was removed. This latter 
procedure was repeated three times. The residual gum was dis- 
solved in 11 ml of distilled water, and 1 g of calcium carbonate and 
14 ml of aqueous bromine were added. The reaction mixture was 
allowed to stand for 20 hr a t  room temperature and then filtered. 
The excess bromine was expelled from the solution by sweeping 
with nitrogen gas. The mixture was agitated with 1 g of silver car- 
bonate for 5 min and again filtered. The filtrate was acidified to a 
pH of 1-2 with Dowex 50 (H+) resin. The solvent was removed to 
yield a light yellow gum which crystallized from absolute ethanol, 
12.0 mg (-10%). Recrystallization from distilled water gave mp 
163-165' (lit.24 mp 163-164'), [a]25D -14.6' (c 1.28, H2O contain- 
ing 2 equiv of sodium hydroxide) [lit.24 [ a ] 2 3 D  -22.3' (c 1.3, H20 
containing 2 equiv of potassium hydroxide)]. 

The Rf values of 0.34 and 0.76, respectively, on silica gel G tlc in 
solvent mixtures n-propyl alcohol-ammonium hydroxide (7030) 
and sec-butylalcohol-formic acid-water (75:15:10) were in agree- 
ment with those obtained from the N-benzoyl-L-aspartic acid pre- 
pared by us. The ir spectra were likewise identical. 
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Three new alkaloids, (+)-N'-methylammodendrine (3), N-acetylhystrine (a), and the biogenetically intriguing 
smipine (9), have been isolated from Lupinus formosus and their structures determined. Other alkaloids identi- 
fied were hystrine ( l ) ,  (+)-ammodendrine (2), (-)-anabasine ( 5 ) ,  (-)-N-methylanabasine (6) ,  lupinine (71, and 
N-methylpelletierine (8). 

In conjunction with an ecological study comparing the 
predation patterns and alkaloidal contents of several Colo- 
rado Lupinus species,* we undertook an investigation of 
the alkaloids of a local species, L. formosus Greene, collect- 
ed within a few miles of the Stanford Chemistry Depart-  
ment. 

The alkaloids were isolated and identified by standard 

techniques. The two major alkaloids were hystrine ( and 
(+)-ammodendrine (2).4 T o  our knowledge this is the first 
report of the occurrence of these bipiperidyl alkaloids in a 
Lupinus species,5 although they have been found together 
in the related legume genus Genista.6 (+)-Ammodendrine 
and racemic ammodendrine have been encountered in sev- 
era1 genera of the L e g u m i n o ~ a e . ~  
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Figure 1. Nmr spectrum of smipine (9) at 100 MHz in CDC13. 

The  related compounds (+) -N’-methylammodendrine 
(3) and N-acetylhystrine (4) were also isolated from the 

I 
R 

1, R=H 
4, R = COCH, 

2 , R = H  
3, R = CH, 

crude basic fraction in reasonable amounts. The former (3) 
was identified by its mass spectrum8 (M+ 222), and the 
similarity of its nmr spectrum with tha t  of ammodendrine 
(2)9 (excepting an  N-methyl signal a t  6 2.08). Confirmation 
of the structure was obtained by comparison with a sample 
prepwed by methylation of (+)-arnmodendrine.lo The ab-  
solute configurations of (+)-2 and (+)-3 have been deter- 
mined.ll T o  our knowledge this is the first description of 
N’-methylammodendrine (3) as a natural product. 

N-Acetylhystrine (4)  was identified by its mass and nmr 
spectra. Confirmation was obtained by comparison with a 
sample synthesized by acetylation of hystrine ( l ) . 3  In spite 
of a thorough search,12 this fairly unstable alkaloid could 
not be found in the hystrine-containing plant Genista hys- 
trix.  

Several alkaloids present in Lupinus formosus in only 
trace amounts were identified by combined gas chromatog- 
raphy-mass spectrometry. These included the “tobacco” 
alkaloids (-)-anabasine (5)13 and (-)-N-methylanabasine 
(6).14 Also identified were the “pomegranate” alkaloid N- 
methylpelletierine (7)13 and lupinine (8), the only conven- 
tional “lupine” alkaloid7 isolated from this plant. These 
compounds were identified by comparison of their mass 
spectra and gas chromatographic retention times upon 
coinjection with authentic samples. It was possible to  de- 
termine the ORD curves of 5 and 6 on small samples (ca. 

5, R = H  7 
6, R = CH, 

8 

0.5 mg) obtained by preparative gas chromatography. Un- 
fortunately, sample limitations did not allow for compara- 
ble determinations on 7 or 8. The identification of these 
trace components would have been impossible without the 
analytical power of gas chromatography-mass spectrome- 
try. 

The  most interesting alkaloid was named smipine (after 
the SMIP ranch near Stanford where some of the plant ma- 
terial was collected) and was assigned structure 9 on the 
basis of spectral evidence. High-resolution mass spectrom- 
etry and elemental analysis indicated the molecular formu- 
la C10H16N20. The  mass spectrum displayed a small molec- 
ular ion (mle 180) with significant peaks a t  m/e 163 (M - 
OH), 151 (M - CHO), 112 (M - C&N), 109 (base peak, 
M - C3HbNO), and 96 (M - C4H6NO). Diagnostically, the 
most informative peak was the one a t  mle 112 which im- 
plied the loss of a five-membered nitrogen-containing ring 
(C4H6.N) containing one degree of unsaturation. If tha t  
moiety and the formyl group (see M - CHO peak and ap-  
propriate nmr signal) are subtracted from the molecular 
formula, a piperidyl ring equivalent remains. Consequent- 
ly, we started with the hypothesis tha t  smipine was a bicy- 
clic molecule consisting of a piperidine and a pyrroline ring. 

Smipine was transparent in the ultraviolet above 210 
nm, and optically inactive as evidenced by its optical rota- 
tory dispersion curve. The equilibrium between the imine 
(9) and enamine (IO) tautomeric forms would explain this 
lack of optical activity.17 The infrared spectrum indicated 

CHO CHO H 
I I I  m-rn 9 10 

the  presence of a tertiary amide (1670 cm-l) and an isolat- 
ed imine group (1645 cm-I). No infrared absorption associ- 
a ted with NH,  OH, or vinyl groups was observed. 

The nmr spectrum (Figure 1) of smipine indicated the 
presence of an N-formyl group (6 8.15) as well as a 2-substi- 
tuted 1-pyrroline [a two-hydrogen broad multiplet a t  6 
3.90, a broadened two-hydrogen triplet ( J  = 8 Hz) a t  6 2.45, 
and a sharp two-hydrogen multiplet ( J  = 8 Hz) a t  6 1.951. 
The pyrroline assignment is supported by decoupling ex- 
periments as well as comparison with the nmr spectrum of 
myosmine (1 l).l* 
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A complex set  of broad peaks centered a t  6 5.21, 4.25, 
and 3.35 and integrating for three protons is assigned to the 
a protons in a 2-substituted 1-acylpiperidine structure. 
This assignment is supported by comparison with the spec- 
tra of 1-formyl-2-methylpiperidine ( 12)19 and ethyl I- 
acetylpipecolinate (13) (see Experimental Section). The 
complex nature of these absorptions is due to  restricted 
rotation about the amide bond.lg 

11 12 13 

Acetic anhydride-pyridine acetylation of smipine yield- 
ed a monoacetyl derivative which was assigned structure 14 
by analogy to  the products 15 and 16 obtained by similar 

14 15 16 

treatment of hystrine (l)s and myosmine (11).20 The  mass 
spectrum of acetylsmipine (14) (M+ 222) displayed losses 
of 29 (M - CHO) and 43 (M - CzH30) mass units. The ul- 
traviolet spectrum (A,,, 244 nm, cmax 7200) was indicative 
of a vinyl amide grouping [compare ammodendrine (2), 
A,,, 242 nm9]. The nmr spectrum indicated formyl (6 8.15) 
and acetyl (6 2.10) protons, the same diffuse peaks centered 
a t  6 5.30, 4.10 and 3.50, and the  resonances expected for a 
2-substituted 1-acyl-2-pyrroline [a sharp one-proton triplet 
( J  = 1-2 Hz) a t  6 5.25, a two-proton triplet ( J  = 8 Hz) a t  6 
3.90, and a broadened two-proton triplet (J = 8 Hz) a t  6 
2.451. These assignments are supported by comparison with 
the  nmr spectrum (see Experimental Section) of acetylmy- 
osmine (16). 

On catalytic hydrogenation (PtO2-HOAc) smipine 
quickly took up 1 mol of hydrogen to  give a dihydro deriva- 
tive 17 which was difficult to  isolate. I t  was characterized 
by formylation to  18, which proved to  be identical with a 
specimen prepared by diformylation of the known 2-(2- 
pyrrolidiny1)piperidine ( 19),z2 thus proving the skeletal 
structure of the alkaloid. 

CHO CHO H 
I 

9 17 

1 
H H CHO CHO 
I I I I  

19 18 

Further chemical support for the structure of smipine 
was provided by sodium borohydride reduction of the  alka- 
loid, which led to  a mixture of isomers shown to  be identi- 
cal with the syn and anti isomers of perhydropyrido[l,2- 
c]pyrrolo[2,1-e]imidazole (20a and 20b).z1 As shown in 
Scheme I, these isomers can be formed by hydride attack 

on smipine (9) followed by cyclization and further reduc- 
tion. 

Scheme I 

9 17 A H  

H I 
R H  H H  

21 20a 2Ob 

With the structure of smipine (9) established, it is now 
possible to  rationalize the mass spectral fragmentation in 
terms of the ion structures listed in Scheme 11. 

Scheme I1 

9 

J 
CHO 
I 

mle 112 

mle 163 

-+u m/e109 

H 
I 

m/e 151 1 

Owing to  the unusual chemistry and unprecedented skel- 
eton of smipine a total synthesis was undertaken to con- 
firm the structure. The logical intermediates 17 and 21 
proved too unstable to  be converted to smipine. Smipine 
was finally synthesized by the reactions depicted in 
Scheme 111. Condensationzz of a-tripiperidine (22) with 
pyrrole (23) gave 2-(2-piperidyl)pyrrole (24), which on 
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chloral f ~ r m y l a t i o n ~ ~  yielded t h e  formyl derivative 25. 
Zinc-hydrochloric acid reduction of pyrroles is known24 t o  
give mixtures of 1- and 3-pyrrolines. Unfortunately, the  
strong acid conditions necessary for t h e  reduction also led 
t o  considerable hydrolysis of the  amide function, and the 
best yield obtainable was only 10%. This  synthetic material 
was identical in all respects with naturally occurring smi- 
pine, thus  providing final confirmation for structure 9. 

Scheme 111 
H H 
I I 

CHO 
I 

CHO H 
I i 

N N (ypJFW I I  
9 25 

T h e  alkaloids of Lupinus formosus all possess a common 
2-substituted piperidine ring. In  the  well-studied cases, in- 
cluding anabasine (5),25 N-methylpelletierine (7),26 lupin- 
ine (8),27 and the  bipiperidyl alkaloid adenocarpine (26),28 
these structural units have been shown to arise from lysine, 
most likely uia Al-piperideine (27).29 T h e  co-occurrence of 

H 
I 
I 

H4=o n 
A.. CsHj H 

26 27 

bipiperidyl and lupine alkaloids is well precedented from 
several  plant^.^^,^^ 

How t h e  unusual alkaloid smipine fits into this scheme is 
not  clear. To our knowledge the  only other naturally occur- 
ring compound possessing the  2-(2-pyrrolidinyl)piperidine 
skeleton is the  bacterial metabolite, apoferrorosamine 
(28).32 

28 

As smipine does not easily fit into the  common Al-piper- 
ideine biosynthetic scheme and considering that its molec- 
ular formula, C10H16N20, corresponds t o  a hystrine oxide 
or partially oxidized tetrahydroanabasine, we believe that 
smipine arises from a n  oxidative rearrangement of one of 
the  major alkaloids. 

One hypothetical scheme for such a transformation 
(Scheme IV) involves light-induced singlet oxygen cycload- 
dition to ammodendrine (2) or a tetrahydroanabasine ana- 
log 29. Although the  singlet oxygen reaction with enamides 
such as ammodendrine (2) has not been studied, lo2 is 
known to react with enamines to give dicarbonyl products 
in high yield.33 T h e  product from such a n  oxidative cleav- 

age (30) after formyl transfer and recyclization would yield 
directly a smipine derivative (31). 

Scheme IV 

I 
R 

29 

R CHO 

I 
R 

& N-CHO 

I 
R 

Experimental Section 
Low-resolution mass spectra were recorded on Atlas CH-4 and 

AEI MS-9 mass spectrometers and are reported as mle values with 
intensities in parentheses. High-resolution mass spectra were re- 
corded on a Varian MAT-711 mass spectrometer. Combined gas 
chromatography-mass spectrometry was carried out on a Hewlett- 
Packard 7610 gas chromatograph (3% OV-17 on Gas-Chrom Q) in- 
terfaced through a Watson-Biemann dual stage separator to a Var- 
ian MAT-711 mass spectrometer. For infrared spectra, a Perkin- 
Elmer Model 700 spectrophotometer was used. Nmr spectra were 
obtained with either a Varian Model T-60 or HA-100 spectrome- 
ter, and are recorded in 6 values with CDC13 as solvent unless oth- 
erwise stated. 

Thin layer chromatograms on silica gel HF-254 as adsorbent 
were developed with ethyl acetate-hexane-diethylamine (7:7:2) .  
Gas chromatography was carried out on OV-17 (3% on Gas-Chrom 

Authentic samples of alkaloids were obtained as follows. (&)-  
Ammodendrine was a gift from Professor R. R. Arndt, Rand Afri- 
caans University, Johannesburg, South Africa. (-)-Anabasine was 
obtained from Aldrich Chemical Co. ( - ) -N- Methylanabasine,lG 
(+)-N’- methylammodendrine,lO hystrine? N-  acetylhy~trine,~ and 
(f)-N-rnethylpelletierinez6 were synthesized by standard proce- 
dures. 

Detailed mass spectral analyses of several of these alkaloids 
have been published elsewhere.6 

Extraction and Isolation of Alkaloids. The plant material was 
collected in September 1971. The dried, ground, whole plants (3.3 
kg) were extracted for 1 week with EtOH-CH2C12 (1:l) at room 
temperature. After removal of the solvents in uacuo, the extract 
was treated with 1 N HCl and washed with several portions of 
CHzC12. The aqueous layer was then basified to pH 12 and extract- 
ed first with ether and then with CHCla. The ether extract was 
evaporated to dryness and treated with acetone to give 7.5 g of a 
crude precipitate of hystrine hydrochloride (1). Purification by 
chromatography on alumina and recrystallization from MeOH- 
acetone gave pure hystrine hydrochloride. Chromatography of the 
acetone-soluble portion of the ether extract on alumina gave 5.5 g 
of fairly pure N’-methylammodendrine (3), 12 g of pure ammoden- 
drine (21, and an additional 2 g of hystrine hydrochloride. Vacuum 
distillation of the impure N’-methylammodendrine failed to sepa- 
rate it from the contaminating ammodendrine but collection of the 
first drop of distillate gave a sample enriched in several volatile al- 
kaloids. N’-Methylammodendrine could be obtained in a pure 
state by preparative tlc on silica gel. 

N-Acetylhystrine (4) was not stable to any extended procedures 
and was isolated from the fresh crude ether extract by preparative 
tlc on silica gel followed by preparative gc. 

Alumina chromatography of the chloroform extract gave an ad- 
ditional 1.2 g of hystrine hydrochloride as well as a new alkaloid 
smipine, which was purified by preparative gc. 

Hystrine (1) was isolated as the hydrochloride (9.2 g, 0.23%), 
prisms from MeOH-acetone, mp 206-208’. Anal. Calcd for 

Q). 
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CioHi7NzCl: C, 59.84; H, 8.54; N, 14.00; C1, 17.66. Found: C, 59.54; 
H, 8.39; N, 14.00; C1, 17.71. I t  was identical with a synthetic sam- 
ple3 by mixture melting point and tlc. 

(+)-Ammodendrine (2, 13 g, 0.39%) was a colorless oil, 
ClzHzoNzO (calcd mol wt 208.157, obsd 208.159 by high-resolution 
mass spectrum): [a]D +6.6’ (c 3.9, EtOH); nrnr 6 2.10, 2.14 (sin- 
glets split by conformation about N-1, 3 H, COCH3), 2.64 [triplet 
( J  = 11 Hz) of doublets (J = 3 Hz), 1 H, H-6’ axial], 3.05 (m, 2 H, 
H-2’, -6’ equatorial), 3.60 (m, 2 H, H-2), 6.55, 7.19 (singlets, vinyl 
hydrogen, two conformations). The perchlorate (from H20) had 
mp 210-211’. 2 was identical by ir, tlc, gc, and mass spectrum with 
an authentic  ample.^ 

(+)-N’-Methylammodendrine (3, 2.5 g, 0.08%) was a colorless 
oil, Ci3HzzNzO (calcd mol wt 222.173, obsd 222.173 by high-resolu- 
tion mass spectrum): [a]D -40.5’ (c 2.0, EtOH); ir (neat) 1640 
cm-I (C=O); nrnr 6 2.08 (s, 3 H, NCHs), 2.17, 2.14 (s, 3 H, COCH3), 
2.95 [doublet ( J  = 11 Hz) of triplets ( J  = 2-3 Hz), 1 H, H-6’ equa- 
torial], 3.65 (m, 2 H, H-2), 6.56, 7.21 (s, l H, H-6). It was identical 
by ir, tlc, gc, and mass spectrum with a synthetic sample.1° 

N-Acetylhystrine (4) (ca. 0.01% by gc analysis) was a colorless 
oil which rapidly yellowed in air, ClzHleNzO (calcd mol wt 
206.141, obsd 206.142 by high-resolution mass spectrum), nmr 6 
2.20 (s, 3 H, COCHs), 3.65 (m, 4 H, H-2, -69, 7.18, 7.78 (s, 1 H, H- 
6). It was identical by gc, mass spectrum, and tlc with a synthetic 
 ample.^ 

Analysis of Volatile Alkaloid Fraction. This fraction (20 mg) 
obtained as described above, was analyzed by combined gas chro- 
matography-mass spectrometry. Compounds were identified by 
comparison of mass spectra and coinjection on gc with authentic 
samples. Small amounts of anabasine and N-methylanabasine 
were present in the crude N’-methylammodendrine fraction. By 
exhaustive preparative gas chromatography small samples (ca. 0.5 
mg) of these alkaloids were obtained in a pure state. The amounts 
of lupinine and N-methylpelletierine did not allow for similar iso- 
lations. 

(-)-Anabasine (5), mass spectrum mle (re1 intensity) 162 (M+, 
49), 161 (381,133 (54), 119 (40), 105 (51), 84 (loo), 80 (24), ORD (c 
-0.01, EtOH) [a1275 -490°, [a]zjg t1050°,34 was identical by gc, 
mass spectrum, and ORD with an authentic sample. 

(-)-N-Methylanabasine (6), mass spectrum mle (re1 intensity) 
176 (M+, 19), 175 (12), 147 (9), 133 (9), 119 (21), 98 (loo), 42 (ll), 
ORD (c -0.01, EtOH) [a1275 -700°, [a1255 + 670°,34 was identical 
by gc, mass spectrum, and ORD with a synthetic sample.16 

N-Methylpelletierine (7), mass spectrum mle (re1 intensity) 
155 (M+, 7), 112 (9), 98 (loo), 96 (25), 82 (lo), 70 (421, 41 (41), was 
identical by gc and mass spectrum with a synthetic sample.26 

Lupinine (8), mass spectrum rnle (re1 intensity) 169 (M+, 60), 
168 (52), 152 (loo), 138 (74), 124 (30), 110 (49), 97 (64),96 (50),83 
(88), 55 (40), 41 (32), was identical by gc and mass spectrum with 
an authentic sample. In an earlier paper,2 the lupinine from Lupi- 
nus bakeri was thought to be epilupinine. However, it has since 
been shown by optical ([a]D -18.1’ (c 0.27, EtOH)) and infrared 
(urnax 3250 cm-l for a dilute CHC13 solution) measurements to be 
(-) -1upinine.36 

Smipine (9) (ca. 0.003%) was a colorless oil which rapidly yel- 
lowed on Ctanding, C10H16N20 (calcd mol wt 180.126, obsd 180.126 
by high-resolution mass spectrum). Anal. Calcd: C, 66.64; H, 8.95; 
N, 15.54. Found: C, 66.30: H, 8.98; N, 15.26.) Smipine showed no 
ultraviolet absorption above 230 nm and no optical activity to  200 
nm by ORD measurements: ir 1660 (tertiary amide), 1640 cm-l 
(shoulder, C=N); mass spectrum mle (re1 intensity) 180 (M+, 3), 
163 (2), 151 (14), 112 (11), 109 (loo), 96 (74); nmr (CHC13, see Fig- 
ure 1) (CsDs) 1.2-1.8 (8 H), 2.04 (t, 2 H, H-39, 2.80 (m, 2 H, H-6’1, 
3.68 (br, 2 H, H-5), 4.44. 5.30 (br, 1 H, H-2’), 7.89 7.92 (s, 1 H, 
CHO). 

Acetylation of Smipine. Treatment of smipine with excess ace- 
tic anhydride-pyridine a t  room temperature for 1 hr gave a mo- 
noacetyl derivative isolated by preparative gas chromatography. 
The colorless oil was assigned structure 14 [l-acetyl-2-(l-formyl- 
2-piperidyl)-2-pyrroline] on the basis of the spectral evidence: 
mass spectrum m/e (re1 intensity) 222 (M+, 24), 193 (M - CHO, 
12), 179 (M - CzH30, 44), 163 (71), 151 (loo), 43 (55); ir 1665 
cm-1; uv (EtOH) A,,, 244 nm (emax 7200); nmr 6 8.15 (s, 1 H, 
CHO), 5.30 (t, J = 2 Hz, 1 H, H-3), 5.25, 4.10 (br, 1 H, H-2’), 3.90 
(t, J = 8 Hz, 2 H, H-5), 3.50 (br, 2 H, H-6’), 2.55 (t, J = 8 Hz, 2 H, 

Borohydride Reduction of Smipine. Smipine (65 mg) was dis- 
solved in absolute EtOH (20 ml), sodium borohydride (100 mg) 
was added, and the solution was refluxed overnight. After removal 

H-4), 2.10 (s, 3 H, COCHs), 1.4-1.8 (6 H). 

of the EtOH in uacuo, the residue was dissolved in 10% KOH, ex- 
tracted with CHzClz, dried (MgSOd), and evaporated to yield 45 
mg of a colorless oil. Gas chromatography indicated a 3:2 mixture 
of two products which could be separated on a preparative scale. 
The two products showed identical mass spectra, m/e (re1 intensi- 
ty) 166 (M+, 181, 165 (14), 97 (67), 96 (lo), 83 (100); ir 2800, 2750 
cm-I (typical Bohlmann band@), no carbonyl, imine, or NH 
peaks observed; nrnr (CHC13 solution of the isomer mixture) dis- 
tinctive doublets a t  6 2.82 ( J  = 4 Hz), 3.10 ( J  = 7 Hz), 3.60 ( J  = 7 
Hz), and 4.12 ( J  = 4 Hz), no vinyl peaks present. These products 
were shown to be identical with the syn and anti isomers of perhy- 
dropyrido [ 1,2-c] -pyrrolo [ 2,l -e] imidizoles 20a and 20b by compari- 
son (gc, mass spectrum, nmr, ir) with a synthetic mixture of the 
isomers.21 

Catalytic Hydrogenation of Smipine. Smipine (8.4 mg) was 
hydrogenated at  1 atm with PtOz in acetic acid at  room tempera- 
ture. After 1 hr 0.92 ml (0.88 equiv) of Hz had been absorbed. Fil- 
tration and evaporation gave a colorless oil which was dissolved in 
formic acid (1 ml) and treated with acetic anhydride (0.5 ml). After 
2 hr a t  60°, the mixture was evaporated to dryness and the product 
was isolated by preparative gc. This material was identical by ir, 
gc, and mass spectrum with a sample synthesized as follows. 2-(2- 
Pyrrolidinyl)piperidineZ1 (100 mg) was stirred at  60° for 2 hr with 
formic acid and acetic anhydride. Evaporation yielded the diform- 
yl derivative 18 as a colorless oil: mass spectrum m/e (re1 intensity) 
210.137 (M+, calcd for CllH18N202, 210.137, IO), 112 (loo), 99 
(59), 98 (25), 84 (35), 70 (23); nmr 6 1.3-2.2 (br, 10 H), 3.0-4.5 
(complex, 6 H), 8.10 (br, 2 H). 

2-(2-Piperidyl)pyrrole (24). Condensation of a-tripiperidine 
and pyrrole as describedz2 gave 2-(2-piperidyl)pyrrole, which was 
obtained pure after vacuum sublimation and recrystallization from 
ethyl acetate: mp 96.5-97.5’; mass spectrum mle (re1 intensity) 
150 (M+, loo), 134 (34), 1 2 1  (86), 107 (38),94 (96), 93 (67),80 (381, 
67 (30); nmr 6 1.4-2.0 (7 H), 2.5-3.2 (br, 2 H, H-6’), 3.80 (br, 1 H, 
H-29, 5.95 (m, 2 H, H-3, -4), 6.52 (m, 1 H, H-5), 10.0 (br, 1 H, H-1). 

2 4  1-Formyl-2-piperidy1)pyrrole (25). A solution of pure 24 
(2.5 g) in CHC13 (25 ml) was treated dropwise at  Oo with chloral 
(3.0 g).23 When the addition was complete, the mixture was al- 
lowed to warm to room temperature and stirred for 3 hr. It was 
then evaporated below 40° to a gum which crystallized on addition 
of a small amount of ether. Filtration and washing with cold ether 
gave 2.7 g (90%) of crude 25. After recrystallization from ethyl ace- 
tate-hexane the pure material was obtained as colorless needles, 
mp 113-114’. Anal. Calcd for C10H14NzO: C, 67.39; H, 7.92; N, 
15.71. Found: C, 67.19; H, 7.83; N, 15.75. Mass spectrum rnle (re1 
intensity) 178 (M+, loo), 161 (17), 149 (46), 134 (14), 121 (14), 93 
(34), 80 (24); ir 3470,3300 (NH), 1665 cm-1 (C=O); nmr (CDC13) 6 
1.5-2.5 (6 H), 2.8-3.6, 4.05 (broad multiplets, 2 H, H-6’), 4.75, 5.60 
(br, 1 H, H-2’), 6.05 (m, 2 H, H-3, -4), 6.65 (m, 1 H, H-5), 7.90 (s, 1 
H, CHO), 9.7 (br, 1 H, H-1); nrnr (CsD6) 4.35, 5.75 (br, 1 H, H-29, 
7.70,7.85 (s, 1 H, CHO). 

2-( l-Formyl-2-piperidyl)-l-pyrroline (Smipine 9). Zinc dust 
(200 mg) was added at  0-5’ to 2 ml of 20% HCl. Then 25 (50 mg) 
was added and the solution was stirred for 0.5 hr, at  which time 
concentrated HC1 (2 ml) was added. Stirring at  0’ was continued 
for an additional 4 hr. The cold solution was filtered, neutralized 
to pH 12 with K2CO3 and 30% KOH, and extracted with CH2Clz. 
After drying and evaporation, 20 mg of reddish oil was obtained. 
Gc analysis indicated roughly equal amounts of starting material, 
an unstable product which could not be isolated (possibly the 3- 
pyrroline), and a peak which corresponded to smipine. Chromatog- 
raphy on neutral alumina (activity 11) gave 5 mg of pure 2-(l-for- 
myl-2-piperidyl)-l-pyrroline identical in all respects (gc, tlc, ir, 
mass spectrum, nmr) with natural smipine. 

Acetylmyosmine (16). Myosmine38 (30 mg) was stirred at room 
temperature overnight with acetic anhydride and pyridine. Evapo- 
ration and normal work-up gave 26 mg of a monoacetyl derivative 

mass spectrum rnle (re1 intensity) 188.095 (M+, calcd for 
CIIH12N20, 188.095, 29), 146 (71), 145 (loo), 43 (19); nmr 6 1.95 (s, 
3 H, COCH3), 2.75 [triplet ( J  = 8 Hz) of doublets ( J  = 3 Hz), 2 H, 
H-41, 4.2 (t, J = 8 Hz, 2 H, H-5), 5.55 (t J = 3 Hz, 1 H, H-3), 7.25 
[doublet ( J  = 8 Hz) of doublets ( J  = 4 Hz), 1 H, H-5’1, 7.54 [dou- 
blet ( J  = 8 Hz) of triplets ( J  = 2 Hz), 1 H, H-4’],8.4 (br, 2 H, H-2’, 
-69. 

Ethyl 1-Acetylpipecolinate (13). This compound was pre- 
pared as previously described:37 nrnr 6 2.6-3.9, 4.48, 5.25 (broad, 
complex, 3 H, H-2, -6), 4.16 (4, 2 H, CHZCH~), 1.25 (t, 3 H, 
CHZCH~), 2.05, 2.10 (singlets, 3 H, COCH,); nrnr (C&) 5.45, 4.57, 
2.8-3.5 (complex, 3 H). 
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The preparation of diamantane (I) by Lewis acid catalyzed rearrangements of various pentacyclic tetradecanes 
has been examined. The best yield (84%) was obtained from trans-tetrahydro-Binor-S (XXXV). However, the 
most convenient synthetic procedure involves rearrangement of hydrogenated Binor-S (XXVII/XXVIII), which 
gives I in -70% yield. Other more highly strained precursors give I in lower yield (1-47%) owing to disproportion- 
ation. The diamond lattice structure of diamantane, confirmed by X-ray analysis, is consistent with high thermo- 
dynamic stability. However, I, like adamantane, is not strain free. Molecular mechanics calculations show that 
this is due to an excess of repulsive over attractive nonbonded interactions in comparison with noncage hydrocar- 
bons. The spectral properties of diamantane are characterized by a single-line proton nmr spectrum, resistance 
toward mass spectral fragmentation, and a simplified ir spectrum due to high symmetry. 

The  beautiful three-dimensional array of the  diamond 
lattice has provided many structural insights and synthetic 
 challenge^.^-^ Prelog4 recognized tha t  cyclodecane in con- 
formation I1 is such a diamond lattice hydrocarbon and can 
be deduced from the pentacyclotetradecane I by replacing 
two CH and two CH2 by six  hydrogen^.^,^ At Prelog’s 
suggestion, I (pentacyclo[7.3.1.14Jz.0z~7.06J1]tetradecane) 
was chosen as the Congress Emblem of the  1963 London 
IUPAC meeting, and was featured as a decoration on the  
cover of abstracts, program, and publicity material. The 
Handbook challenged the Congress participants to  synthe- 
size I, and this challenge was reiterated by Cram and Ham- 
mond on the end papers of their popular text.4c The  first 
preparation of “Congressane” was achieved a t  Princeton in 

1965 in 1% yield by aluminum halide catalyzed isomeriza- 
tion of a mixture of norbornene [2 + 21 photodimers.8 

Adamantane (IV) is the first and “Congressane” only the 
second member ‘of an entire family of compounds “whose 
ultimate is d i a m ~ n d . ” ~  The synthesis of the third member 
of the series (V) in 19669 emphasized the  need for a more 
general scheme of semitrivial nomenclature. Following the 
suggestion of Vogl and A n d e r ~ o n , ~  I was renamed “diaman- 
tane” and V designated triamantane.7 The synthesis of 
tetramantane (three isomers are possible)1° and of higher 
“amantanes” has not yet been achieved. 

The year 1966 also marked the isolation of diamantane 
(I) from the high-boiling fractions of the crude oil of Ho- 
donin (from which adamantane was discovered)ll and the 


