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ences in the fine structure of the nmr and ir spectra. 
Both bridgehead olefins are probably produced by the 
Hofmann route, and, by analogy with the thermolysis3" 
of l-bicyclo[4.2.1]nonyltrimethylammonium hydroxide, 
it is likely that the A1(7) olefin is the major olefin from 
this reaction. Thus, we conclude that bridgehead 
olefin 1 is formed in good yield from the thionocarbo-
nate 13 and that both bridgehead olefins 1 and 2 are 
probably formed in small amounts in thermolysis of 
quaternary ammonium hydroxide 4. We are con
tinuing to investigate synthetic routes to 1 and 2 in the 
hope that we can prepare them under mild conditions 
and record their spectra. 
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Total Synthesis of Cephalotaxus Alkaloids 

Sir: 

The harringtonine family of minor alkaloids from 
Cephalotaxus harringtonia (Japanese plum yew) includes 
active inhibitors against experimental lymphoid leu
kemia in mice at relatively low dosage levels.' The ac
tive species are all relatively simple esters [e.g., harring
tonine (I)] of cephalotaxine (2), the major alkaloid of 
C. harringtonia.2 The unusual l-azaspiro[4.4]nonene 
structural feature and the relative scarcity of the natural 
material attracted our interest in the total synthesis of 
cephalotaxine. We wish to report a simple, efficient, 
convergent synthesis of a key intermediate 3, and suc
cessful conversion of 3 to cephalotaxinone (4) and 
cephalotaxine (2). 

H ^ 

Cephalotaxinone (4), also obtained from C. harring-
tonia,% is an obvious relay intermediate as it is known to 
give cephalotaxine (2) by stereospecific hydride reduc
tion.4 Our synthetic sequence begins with the prep
aration of the /?-nitrobenzenesulfonate ester (5) of 2-
(2-chloro-4,5-methylenedioxophenyl)ethyl alcohol and 
l-aza-7-methoxyspiro[4.4]non-6-en-8-one (6), which are 
related to the two sections of cephalotaxinone, as dis
sected in representation 4. 

Piperonat was converted to 6-chloropiperonylacetic 
acid (10, mp 176.5-177.5°, lit.5 174-175°) in 55% 
overall yield via the intermediates 7-9 using minor 
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modifications of known procedures.6-7 Reduction of 
10 with lithium aluminum hydride gave an alcohol (11, 
96% yield)8 which was converted to />-nitrobenzene-
sulfonate ester 5 via the sodium alkoxide of 11 (from 
sodium hydride-tetrahydrofuran) and /j-nitrobenzene-
sulfonyl chloride (2 equiv) in tetrahydrofuran.9 The 
yellow crystalline sulfonate ester (5) is obtained in 92 % 
yield, mp 143-144°. 

COC 
7, R = CH2OH 
g , R= CH2CI 
S, R= CH2CN 
1,0,R= CH2CO2H 
U , R= CH2CH2OH 

The preparation of the heterospirocycle 6 began with 
the reaction of 2-ethoxy-l-pyrroline and 3 mol equiv of 
allylmagnesium bromide in ether at 25° for 18 hr. 
After hydrolysis of excess Grignard reagent and the 
magnesium salts with aqueous barium hydroxide, 2,2-
diallylpyrrolidine (12) was obtained [bp 72-74° (12 
Torr); 78% yield; 1H nmr (CDCl3) 5 1.30 (s, NH), 1.5-
1.9 (m, CH2CH2, in pyrrolidine ring), 2.18 (d, 4 H, 
CH2C=C, J = 7 Hz), 2.95 (br t, 2 H, CH2N), 4.8-6.3 
(typical allyl pattern, 6 H)]. The following sequence of 
reactions was carried out without purification of the 
intermediates.10 Treatment of 12 with /e/v-butoxy-
carbonyl azide in aqueous tetrahydrofuran containing 
magnesium oxide (18 hr, 50°) gave the corresponding 
N-tert-butoxycarbonyl derivative of 12 which was ex
posed to ozone at —78° in methyl alcohol. The crude 
ozonide was hydrolyzed in 1:1 dioxane-water at 80° 
for 1.25-1.35 hr and then oxidized with silver oxide-
potassium hydroxide. The filtrate was concentrated 
to dryness at 55° (0.01 Torr) to give a residue which was 
suspended in refluxing methyl alcohol containing 
hydrogen chloride (6%) and trimethyl orthoformate 
(7%). After 14 hr, amino diester 13 was isolated in 
6 1 % yield: bp 74-76° (0.01 Torr); 1H nmr (CDCl3) 
5 1.7-2.0 (m, 4 H, CH2CH2, in pyrrolidine ring), 2.38 
(s, NH), 2.70 (s, CH2CO), 2.9-3.2 (m, 2 H, CH2N), 
3.72 (s, CO2CH3). 

A series of operations, again without isolation of 
intermediates, led to the formation of the desired aza-
spirocycle 6 from 13. A mixture of excess sodium-
potassium alloy, excess chlorotrimethylsilane,11 and 
amino diester 13 was stirred under argon in benzene at 
25° for 12-20 hr. The solution was filtered through 
Celite, diluted with an equal volume of methylene 
chloride, cooled to —78° under argon, and oxidized 
with bromine.12 After addition, the system was evac
uated (0.01 Torr) and allowed to warm which caused 
the volatile material (benzene, methylene chloride, 
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bromotrimethylsilane) to distill at low temperature, 
leaving a tan solid. To the residue dissolved in ab
solute ethyl alcohol at 0° was added a solution of ex
cess (sixfold) diazomethane in methylene chloride. 
The crude product was a mixture of 6, the iV-methyl 
derivative of 6 (10:1 ratio, respectively), and products 
related to chlorotrimethylsilane (1H nmr absorption at 
5 0.0-0.2).13 The crude product (ca. 60% yield of 6) 

(CH3I3SiO' 

X, X = -Si (CHj)3 £ 

Ji , X= H 

could be used in the next step without loss of efficiency: 
column chromatography (20% water on neutral 
alumina) afforded pure 6 in 45-55% yield; 1H nmr 
(CDCl3) 5 1.7-2.0 (m, CH2CH2 in pyrrolidine ring), 
2.30 (s, NH), 2.46 (s, CH2CO), 2.9-3.2 (m, CH2N), 
3.68 (s, CO2CH3); ir (neat) 1630, 1725 cm-1; mass 
spectral mol wt, 157; mp of 3,5-dinitrobenzamide, 
236.5-237° dec. 

In the presence of diisopropylethylamine in aceto-
nitrile at 55° for 12-15 hr, intermediates 5 and 6 re
acted to produce the tertiary amine 3 (X = Cl), in 
65-87% yield: mp 109.9-110.7°; 1H nmr (CDCl3) 5 
1.8-2.1 (m, CH2CH2 in pyrrolidine ring), 2.30 (AB qt, 
/ = 14 Hz, CH2CO), 2.5-3.1 (br m, 6 H), 3.67 (s, 
OCH3), 5.88 (s, OCH2O), 5.92 (s, C=CH), 6.61 (s, 
aryl H), 6.72 (s, aryl H); mass spectral mol wt, 349. 
Anal. Found: C, 61.77; H, 5.68; N, 3.96; Cl, 10.32. 

<oUcl "" 
Ns= -SO. :-Q-NC 3 (X = C!) 0' 

Compound 3 (X = Cl) and related derivatives 
(X = F, Br, I, H) are potentially very versatile inter
mediates in the synthesis of cephalotaxine (2) and 
cephalotaxinone (4). Suitable modification of the func
tional groups in the cyclopentenone ring of 3 should 
allow several fundamentally different approaches for 
the ring closure to give 4 (or 2). The most direct ap
proach, requiring no functional group protection or 
modification, is based on the reaction of nucleophiles 
with benzyne derivatives; this concept has been used 

(13) An alternate series of operations for the conversion 13 -»• 6 re
vealed the intermediates. After filtering the crude mixture from the 
reaction with sodium-potassium alloy, the benzene was removed at 
reduced pressure to leave a colorless oil containing mainly i (tentatively 
identified by 1H nmr) which was selectively hydrolyzed with wet ether 
at 25° to give ii (1H nmr). Addition of bromine to ii in methylene 
chloride at —78° followed by warming to 25° gave a tan solid, identi
fied as the zwitterion iii by 1H nmr (DMSO-A, DsO) and solubility 
properties (insoluble in acetonitrile and tetrahydrofuran, soluble in 
water). Diazomethane reacted with iii to give 6 containing 10% of 
the .iV-methyl derivative of 6. The yields are somewhat lower than 
from the procedure outlined in the discussion, and the operations are 
more cumbersome. 

with moderate success in numerous simple intramolec
ular examples14 but not, to our knowledge, in natural 
product synthesis. The reaction of 3 (X = Cl) with 
potassium triphenylmethide (twofold excess) in 1,2-
dimethoxyethane at 50° for 2 hr produced ( ± ^ceph
alotaxinone (4), identical in ir, 1H nmr, and tic be
havior with natural (—)-cephalotaxinone.15 The yield, 
after isolation by preparative layer chromatography, 
was 13-16%. A parallel series of experiments on 3 
(X = Br) and 3 (X = I) afforded, at best, similar yields 
of 4. The epimer of 4 (at C-4) was not isolated, con
sistent with inspection of models which indicates that 4 
is the more stable isomer and with the expectation that 
proton exchange at C-4 occurs readily during the re
action and isolation procedures. Even with the pres
ent low yield in the ring closure to give 4, the conver
gent plan and short sequences allow the preparation of 
8-9 g of cephalotaxinone from 100 g of pyrrolidone 
and from ca. 75 g of piperonal. 

Reduction of synthetic cephalotaxinone with diiso-
butylaluminum hydride16 in benzene for 1 hr at 25° 
afforded a single product, (± )-cephalotaxine (2), iden
tical in 1H nmr, ir, and tic behavior with ( —)-cephalo-
taxine of natural origin. 

Further work is under way to improve the efficiency 
of the conversion 3 -»• 4, so as to provide a truly prac
tical synthesis of cephalotaxine and harringtonine. 
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1H and 31P Nuclear Magnetic Resonance Evidence for 
the Existence of 1,2-Diphenyldiphosphine in 
Equilibrium with Phenylphosphine and 
Pentaphenylcyclopentaphosphine 

Sir: 
Compared with the large number of tetrasubstituted 

derivatives of diphosphine, P2H4, which have been iso
lated in the last 10 years,1 only a few derivatives bearing 
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