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Scheme I. Major Collision-Induced Fragmentations 
of Protonated Ubine 

alkaloids of particular interest as well as in the characteriza- 
tion of new alkaloids. The Occurrence of mescaline (2) in cactus 
extracts provides a case in point. The MIKE spectrum of 
protonated mescaline is characterized by an intense peak due 
to elimination of a fragment of 17 mass units. I t  is suggested 
that reaction 1 occurs as shown. The double analysis inherent 

CH ,O CHIO 

in the MIKES method, viz. analysis for the mass of the pre- 
cursor ion as well as that of the fragments, makes the method 
highly specific. Mescaline could, therefore, be identified in 0. 
spinosior simply on the basis of its molecular weight (211) and 
its fragmentation by loss of NH3 from the protonated species. 
The MIKE spectrum of a peyote extract was studied to con- 
firm this assignment. Further confirmation of the presence 
of mescaline in 0. spinosior was obtained by comparing the 
MIKE spectra of the fragment ion due to NH3 loss with that 
for the same ion in authentic mescaline hydrochloride and in 
peyote extracts. 

The foregoing studies were made by chemical ionization. 
Electron impact ionization is also useful in this type of study 
although the resulting mass spectra can show extensive frag- 
mentation which is a disadvantage in recognizing molecular 
ions. On the other hand, MIKE spectra obtained on molecular 
ions compare well with electron impact mass spectra of the 
pure compounds and this facilitates structural assignments. 
Hordenine (3) and N-methyltyramine (4) were identified in 
the D. uberiformis extract on the basis of the MIKE spectra 
shown in Table I. For comparison the electron impact mass 
spectra of the pure compounds are also shown. 

CH3 CH, OCH, 

N I , M =  165 - 2 , M= 211 

/ \  

3, M = 165 

HO 
CH, CH, 

4 ,  M.151 - w 

5,  M = I93 6,M=193 
'v N 

Electron impact also showed the presence of a new alkaloid, 
molecular weight 193 in D. uberiformis. The MIKE spectrum 
of this alkaloid showed fragments formed by loss of 1,15,17, 
and 43 mass units. This was interpreted6 as corresponding to 
the structure 5 in which the positions of the aryl substituents 
were not established. In independent work4 the new alkaloid 

Table I. Fragment Ions in Mass and MIKE Spectra 
Hordenine (3) N-Methyltyramine (4)  

Mass spectrum MIKES Mass spectrum MIKES 

120 (0.04) (0.01) 121 (0.03) (0.01) 
107 (0.09) (0.05) 120 (0.05) (0.01) 

121 (0.05) (0.05) 149 (0.02) 

91 (0.08) (0.01) 108 (0.06) (0.13) 
77 (0.15) (0.02) 107 (0.11) (0.07) 
58 (1.00) (1.00) 91 (0.03) 

78 (0.02) (0.01) 
77 (0.08) (0.02) 
58 (0.42) (0.01) 
44 (1.00) (1.00) 

uberine (6) was isolated from this plant and its structure was 
established by conventional methods. 

In conclusion, the ion kinetic energy method of mixture 
analysis has been shown to be applicable to the identification 
and structural elucidation of alkaloids in crude plant extracts. 
The method represents an alternative to G U M S  and has 
comparable sensitivity and specificity. It may be particularly 
appropriate in studies of alkaloids and other involatile com- 
pounds for which gas chromatography is difficult. 
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The naturally occurring antileukemic esters of cephalo- 
taxine (I), e.g., isoharringtonine (IIa) and deoxyharringtonine 
(IIb), have proven to be formidable synthetic objectives due 
to steric problems in attaching the side chain to cephalotax- 
ine;l in fact, the only reported success involved esterification 
with an a-keto acid (good yield) followed by addition to the 
keto group (very low yield) to give IIb.2 It  was also possible to 
esterify cephalotaxine (I) with two other acids with sp2 hy- 
bridized a carbons: p-bromobenzoic acid3 (80% yield) and 
half-ester IVa4 (57% yield). We have independently been 
working on approaches to half-esters IIIa and Va in the hope 
that they might be sufficiently sterically unhindered to 
combine with cephalotaxine (I) to form esters which could be 
further transformed into IIa and IIb and wish to report more 
efficient routes to compounds in the 111, IV, and V series than 
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those used earlier.*,5 These new routes permit entry into each 
series in one step rather than several and in better yield. 

Diisoamylcopper lithium added in the expected 1,4 man- 
to dimethyl acetylenedicarboxylate, producing a mix- 

ture of IIIb and IVb. As expected,6-8 the syn addition product 
IIIb predominates at  -78 "C (89% in ether, 92% in THF), and 
on warming to 5 "C before quenching, the major product (60%) 
becomes IVb. Although diesters IIIb and IVb were readily 
separated by chromatography, the crude reaction mixture was 
suitable for the preparation of IIIa due to convergence at  a 
later step. 

Saponification of these esters was accompanied by shift of 
the double bond position to give Vc in excellent yield; any of 
the esters IIIb, IVb, and Vb with sodium methoxide gave an 
equilibrium mixture consisting almost exclusively of Vb. On 
acidic hydrolysis, however, IIIb and IVb gave the corre- 
sponding diacids IIIc and IVc smoothly without double bond 
shift. While IVc was readily purified by crystallization, IIIc 
was a viscous oil. 

IIIc and Vc quantitatively produced the corresponding 
anhydrides, VI and VII, respectively, when refluxed in acetic 
anhydride. IVc. however, required heating with P205 a t  200 
"C to give VL5 With methanol at  room temperature, anhy- 
dride VI1 reacted predominantly at  the less hindered car- 
bonyl,1° giving desired half-ester IIIa (79%), along with lesser 
amounts of IIId (13%) and Va (8%). 

A second good route to half-ester Va started with the Stobbe 
condensation of dimethyl succinate with 3-methylbutanal to 
the half-ester Vd (82%), which was hydrolyzed to diacid Vc 
(79%) and then converted to Va as above. The double bond 
could be partially shifted to the position between the carbonyl 
groups by equilibrating anhydride VI1 with anhydride VI 
using tri-n-butylamine at  125 "C; the equilibrium mixture 
contained only 35% of VI, however. 

Our initial efforts to esterify cephalotaxine with half-esters 
IIIa and Va have been unsuccessful; apparently IIIa is suffi- 
ciently more sterically hindered than its stereoisomer IVa4 to 
make esterification difficu1t.l' 

Experimental Section 
Nuclear magnetic resonance (NMR) spectra of all compounds were 

measured on a Varian T-60 spectrometer. Melting points were ob- 
tained with a Thomas Hoover capillary melting point apparatus and 

were corrected: Ethyl ether was distilled from Na before use, THF 
from LiAIH4, and methanol and tert-butyl alcohol from Mg. All ap- 
paratus was flame dried. 

Methyl (2)- and (E)-3-Carboxy-6-methyl-Z-heptenoates (IIIb 
and IVb). To 13.2 g (1.90 g-atom) of lithium wire, flattened and cut 
into -2-cm pieces, in 275 mL of ether under argon was added about 
35 drops of a solution of 60.9 g (0.403 mol) of isoamyl bromide in 50 
mL of ether. The reaction mixture was then cooled with a dry ice- 
acetone bath, the remainder of the isoamyl bromide was added over 
45 min while maintaining a temperature between -35 and -40 "C, 
and then the mixture was allowed to warm to -10 "C while stirring 
for an additional 90 min. The reaction mixture was filtered under 
argon pressure through glass wool and the product was transferred 
into a precalibrated bottle, yielding 270 mL of 1.36 N isoamyllithium 
(0.367 mol), a 91% yield as determined by double titration.'* 

To a slurry of 9.52 g (0.050 mol) of cuprous iodide and 40 mL of 
ether under argon was added 104 mL of 0.97 N isoamyllithium (0.100 
mol) over 15 min at -78 "C. Then 7.10 g (0.050 mol) of dimethyl 
acetylenedicarboxylate in 40 mL of ether was added to the cold stir- 
ring mixture over 15 min. After stirring for 3 h at -78 "C the reaction 
was quenched while still cold with methanol and neutralized with 3 
N HC1. The organics were extracted with ether (centrifuging neces- 
sary), the ether layers were combined, dried over magnesium sulfate, 
and filtered, the ether was evaporated, and low-boiling organics were 
removed under reduced pressure. The crude product (10.5 g) by NMR 
contained 80% IIIb (NMR (cc14) 0.92 (6 H, d), 1.0-1.9 (3 H, m), 2.33 
(2 H,t),3.68 (3 H,s,MeOCOCR=),3.75 (3 H,s,MeOCOCH=),5.72 
(1 H, t , J  = 1.5 Hz)) and 10% IVb (NMR (CC14) 0.85 (6 H, d), 1.0-1.8 
(3 H, m), 2.67 (2  H, -t), 3.60 (3 H, s), 3.64 (3 H, s), 6.50 (1 H, s)). Re- 
ported5 vinyl hydrogen shifts for IIIb and IVb prepared differently 
are 6 5.85 and 6.80, respectively. These isomers could be separated 
with 80% recovery by GC (0.25 in. X 7 ft Carbowax 20M on Chromo- 
sorb P a t  200 "C) or by column chromatography (Silica, 4:3 cyclo- 
hexane-ethyl acetate); IVb moved faster in both cases. 
(2)- and (E)-3-Carboxy-6-methyl-2-heptenoic Acids (IIIc and 

IVc). To a 50-mL flask containing 30 mL of 3 N HC1 was added 2.0 
g of crude product from the dialkyl cuprate reaction (80% IIIb, 10% 
IVb). After refluxing for 8 h, the reaction mixture was cooled to 25 "C 
and filtered, yielding 0.121 g of diacid IVc, mp 204-205 "C, from 
HCC13/CCl4 (lit.5 mp 203-204 "C): NMR (MezCO-ds) 0.93 (6 H, d) ,  
1.0-1.9 (3 H, m), 2.78 (2 H, -t), 6.71 (1 H, s), 10.6 (2 H,  s). Following 
thorough ether extraction of the filtrate, the product was extracted 
with saturated aqueous sodium bicarbonate (unhydrolyzed ester re- 
maining in the ether layer can be recovered and recycled). Acidifica- 
tion of the bicarbonate extracts with concentrated HCI was followed 
by extraction with ether. The ether layers were combined, dried over 
magnesium sulfate, and filtered, and the ether was evaporated, 
yielding 1.29 g of viscous oil that contained: 83% diacid IIIc, NMR 
(CC14) 0.92 (6 H, d),  1.0-1.9 (3 H, m), 2.40 (2 H, t),  5.80 (1 H, t, J = 1.2 
Hz), 10.75 (2 H,  s); 4% diacid IVc (vinyl H peak a t  6 6.76); and 13% 
anhydride VI (vinyl H peak at  6 6.53 t, J = 1.7 Hz). 
(2)-3-Carboxy-6-methyl-2-heptenoic Anhydride (VI). Diacid 

IIIc was refluxed overnight with excess acetic anhydride. Distillation 
of excess acetic anhydride and acetic acid gave an essentially quan- 
titative yield of anhydride VI: NMR (Cc4)  0.95 (6 H, d) ,  1.2-1.9 (3 
H, m), 2.50 (2 H, td, J = 7 Hz, 1.7 Hz), 6.53 (1 H, t, J = 1.7 Hz). Al- 
ternatively, diacid IVc was refluxed with a large excess of PzOs in 
benzene for 2 h in a micro-Hickmann apparatuss Evaporation of the 
benzene under a stream of argon followed by heating to 200 "C at  0.75 
mm yielded virtually pure anhydride VI as a distillate. 

Methyl (2)-3-Carboxy-6-rnethyl-Z-heptenoate (IIIa). When 
anhydride VI in CC14 was mixed with a sixfold excess of anhydrous 
methanol in an NMR tube complete reaction was indicated in 24 h 
to yield: 79% IIIa, NMR (CC14) 0.91 (6 H, d), 1.0-1.9 (3 H, m), 2.35 (2  
H,t),3.74(3H,s),5.76(1H,t,J=1.4Hz),11.60~1H,s);13%IIId, 
NMR like IIIa except Me0 at 6 3.67 and vinyl H at  6 5.79; and 8% Va 
(Me0 at  6 3.65, CH2 at  d 3.29, vinyl H at  d 7.07 t, J = 7.5 Hz). Similar 
results were obtained when anhydride VI was refluxed with a large 
excess of methanol for 3 h (77% IIIa, 19% IIId, and 4% Va). 
3-Carbomethoxy-6-methyl-3-heptenoic Acid (Vd). To a re- 

fluxing solution of 4.30 g (0.110 g-atom) of potassium in 60 mL of 
anhydrous tert-butyl alcohol under argon was added over 15 min a 
mixture of 8.6 g (0.100 mol) of 3-methylbutanal and 19.5 g (0.133 mol) 
of dimethyl succinate. The reaction mixture was refluxed for an ad- 
ditional 1.5 h, then most of the solvent was removed under reduced 
pressure, the residue was made slightly acidic with 3 N HCl, the re- 
maining solvent was removed, and the organics were ether extracted. 
The product was extracted into saturated aqueous sodium bicar- 
bonate, the bicarbonate extracts were combined and made strongly 
acid with concentrated HCl, and the resulting mixture was extracted 
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with ether. Evaporation left 16.3 g (82%) of residual yellow oil which 
was very largely Vd: NMR (neat) 0.95 (6 H, d) ,  -1.8 (1 H, m), 2.07 (2  
H, t) ,  3.38 (2 H, s), 3.68 (3 H, s), 6.97 (1 H, t, J = 7.5 Hz), 10.15 (1 H, 
s). This product was used without further purification. 
3-Carboxy-6-methyl-3-heptenoic Acid (Vc). When 2.00 g of 

half-ester Vd from the previous reaction was refluxed overnight in 
20 mL of 3 N HCl, white crystals formed. Recrystallization from 
chloroform yielded 1.47 g (79%) of diacid Vc: mp 164-165 "C; NMR 
(MenCO-ds) 0.95 (6 H, d), -1.8 (1 H, m), 2.17 (2  H, t), 3.36 (2  H, s), 
7.00 (1 H, t,J = 7.5 Hz), 10.60 (2  H, s). 
3-Carboxy-6-methyl-3-heptenoic Anhydride (VII). Diacid Vc 

was refluxed overnight with excess acetic anhydride. Distillation 
under reduced pressure to remove excess acetic anhydride and acetic 
acid gave an essentially quantitative yield of anhydride VII: NMR 
(neat) 0.97 (6 H, d) ,  -1.8 (1 H, m), 2.20 (2 H, -t),3.53 (2 H, u s ) ,  6.92 
(tt, J = 7.5 and 2.6 Hz). 

Methyl 3-Carboxy-6-methyl-3-heptenoate (Va). When a neat 
sample of anhydride VI1 was mixed with a twofold excess of anhy- 
drous methanol in an NMR tube complete reaction was indicated in 
24 h to yield half-ester Va which was by NMR 94% pure. Preparative 
TLC (silica: 55:45:2 ether-hexane-acetic acid) gave pure Va, NMR 
(DCC13) virtually identical to that r e p ~ r t e d . ~  

Equilibrium between Anhydrides VI and VII. Neat 0.5-g sam- 
ples of VI and VI1 in separate NMR tubes with 1 drop of tri-n-bu- 
tylamine were heated in increments of 25 "C from 25 to 150 "C for 10 
min with IH NMR spectra being taken after each heating. By inte- 
gration of the vinyl hydrogen signals at 13 6.5 (VI) and 6.8 (VII), the 
relative amounts of the two anhydrides were estimated. At 125 "C 
equilibrium was reached with 65% VII-35% VI in both tubes; a t  150 
"C, the equilibrium mixture contained 70% VII. 

Methyl 3-Carbomethoxy-6-methyl-3-heptenoate (Vb). A. 
From Half-Ester Vd. After refluxing 2.00 g of Vd with 20 mL of 
methanol and 1 mL of acetyl chloride overnight, the neutral fraction 
from an extractive workitp was distilled to give 1.77 g (83%) of diester 
Vb, bp 143 "C (22 mm): NMR (neat) 0.92 (6 H, d), -1.8 (1 H, m), 2.12 
(2 H, t),  3.33 (2 H, s), 357 (3 H,  s), 3.65 (3 H, s), 6.93 (1 H, t, J = 7.5 
Hz). 

B. By Isomerization of IIIb and IVb. Refluxing 0.5 g of a mixture 
of 87% IIIb and 13% IVb with 10 mL of 1 M sodium methoxide in 
methanol overnight followed by an extractive workup and removal 
of solvent by distillation gave a quantitative yield of residual oil which 

had a lH NMR spectrum virtually identical with that of Vb prepared 
as described above. 

Acknowledgment. We thank the National Cancer Insti- 
tute (CA-10944) for financial support. 

Registry No.-IIIa, 63731-47-5; IIIb, 51804-78-5; IIIc, 16110-97-7; 
IIM, 63731-48-6; IVb, 51804-76-3; IVc, 51804-75-2; Va, 63731-49-7; 

63731-53-3; isoamyl bromide, 107-82-4; isoamyl lithium, 7488-31-5; 
dimethyl acetylenedicarboxylate, 762-42-5; 3-methylbutanal, 590- 
86-3; dimethyl succinate, 106-65-0. 

References and Notes 
(1) S. M. Weinreb and M. F. Semmelhack, Acc. Chem. Res., 8, 158 (1975). 
(2) K. L. Mikolajczak, C. R. Smith, Jr.. D. Weisleder, T. R. Kelly, J. C. McKenna, 

and P. A. Christenson. Tetrahedron Lett., 283 (1974). 
(3) S. K. Arora, R. 6. Bates, R. A. Grady, and R. G. Powell, J. Org. Chem., 39, 

1269 (1974). 
(4) K. L. Mikolajczak, C. R. Smith, Jr., and R. G. Powell, J. pharm. Scb, 63, 1280 

(1974); from the low-field locations of the vinyl proton absorptions in their 
'H NMR spectra, the compounds drawn in this paper as if they belong in 
the 111 series are really in the IV series. 

(5) T. lpaktchi and S. M. Weinreb, Tetrahedron Lett., 3895 (1973). 
(6) The stereochemistry of compounds in the V series was not determined 

but is assumed to be as shown by analogy with other Stobbe condensation 
products (H. 0. House and J. K. Larson, J. Org. Chem., 33,448 (1968); S. 
M. Abdel-Wahhab and L. S. El-Assal, J. Chem. SOC. C, 867 (1968)). There 
was no 'H NMR evidence that more than one stereoisomer was present: 
the observed allylic coupling constant (2.6 Hz) in anhydride VI1 was in be- 
tween the cisoid (2.45) and transoid (2.85) values in itaconic anhydride (M. 
Barfield, R.  J. Spear, and S. Sternhell, Chem. Rev., 76, 602 (1976)). 

(7) E. J. Corey and J. A. Katzenellenbogen, J. Am. Chem. SOC., 91, 1851 
(1969). 

(8) J. F. Normant, Synthesis, 63 (1972). 
(9) R. J. Anderson, V. L. Corbin, G. Cotterrell. G. R. Cox, C. A. Henrick, F. 

Schaub, and J. 6. Siddall, J. Am. Chem. Soc.. 97, 1197 (1975). 
10) Cf. R.  6. Bates, E. J. Eisenbraun, and S. M. McElvain, J. Am. Chem. Soc., 

80, 3413 (1958), and the references in ref 6 for previous reactions of 
succinic anhydrides with methanol at the less hindered carbonyl. 

11) We repeated the osmium tetroxide syn-hydroxylations of diesters lllb and 
IVb.5 obtaining the same products in higher yield (92% with lllb and 72% 
with IVb after recrystallization, compared to 40 and 65%5) with pyridine 
as solvent. 

Vb, 63731-50-0; VC, 63731-51-1; Vd, 63731-52-2; VI, 51804-77-4; VII, 

12) H. Gilman and A. H. Haubein, J. Am. Chem. Soc., 66, 1515 (1944). 


