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T w o  isomeric alkaloids, 11-hydroxycephalotaxine and drupacine, have been isolated f rom Cephalotarus har- 
ringtonia var. drupacea (Sieb. + Zucc.) Koidzumi .  Evidence is presented to  show tha t  these alkaloids are rep- 
resented by  structures la and 2a, respectively. Close prox imi ty  o f  the two hydroxy l  functions of  la  leads to  
some unusual reaction products. Nearly quant i ta t ive conversion of  la t o  keta l  2a occurs under mild acidic con- 
ditions. Treatment of la w i t h  tosyl chloride in pyridine affords cyclic ether 5 ,  and oxidation of la under modi -  
f ied Oppenauer conditions results in formation of  hemiketal 7. The diacetate o f  la is epimerized under extraor- 
d inar i ly  mild conditions. 

Initial investigations of the alkaloids of Cephalotaxus 
drupacea were carried out by Paudler, et  U L . , ~  and by 
McKaye3 Although earlier listed as a member of the fami- 
ly Taxaceae,* the genus Cephalotaxus has now been as- 
signed to a separate family, the Cephalotaxaceae, and the 
plant formerly referred to as C. drupacea is now consid- 
ered to be C. harringtonia var. drupacea.5 Two different 
structural types of Cephalotaxus alkaloids have been 
noted; the first group is based on the cephalotaxine ring 
system (3) ,  and the second group embodies the homoer- 
ythrina ring s y ~ t e m . ~ . ~  Several natural cephalotaxine es- 
ters have recently gained attention as potential tumor in- 
hibitors.8 This paper gives details of the structural deter- 
minations of two oxygenated cephalotaxine derivatives 
first noted in a seed extract of C .  harringtonia var. drupa- 
cea and describes some unusual reactions of hydroxyce- 
phalotaxine. Portions of this work were described in a pre- 
liminary comm~nica t ion .~  

Alkaloids la, 2a, and 3 were isolated by preparative tlc 
of an alkaloid concentrate from C. harringtonia var. dru- 
pacea twigs. The first of these (la,  C ~ S H Z I N O ~ ,  [QIz6D 
- 139") had a broad hydroxyl band in its ir spectrum (3500 
cm -l)  indicative of strong intramolecular hydrogen bond- 
ing. An nmr spectrum of la contained signals (Table I) 
that allowed assignment of the cephalotaxine (3) ring sys- 
tem to la and, in addition, exhibited a signal a t  6 4.78 
which was assigned to a proton on a carbon bearing both 
hydroxyl and aryl groups (GI). Preparation of a di-0-ace- 
tyl derivative (lb, CzzHzaN07) demonstrated that la con- 

tained two hydroxyl groups. Signals attributed to protons 
on the two hydroxyl-bearing carbons (C3 and (211) were 
shifted markedly downfield, as expected, upon acetylation 
of 1,a. These observations led to the conclusion that la 
was an 1l-hydro~ycephalotaxine.~ 

D' 

OCH,, 
l a ,  R = R' =OH Za, R = O H  
b, R = R' = OAC \.? b, R = O A c  

I OH 

bCH, OCH3 
3 4 

The second alkaloid was isomeric with la (2a, 
C18H21N05, [ a I z 6 ~  -137"), and its ir spectrum demon- 
strated the presence of a t  least one hydroxyl group (3600 



11-Hydroxycephalotaxine and Drupacine J. Org. Chem., Vol. 39, No. 5, 1974 677 

Table I 
Nmr Data for Hydroxycephalotaxine (1) and Some Reaction Products” 

aasimenta la l b  2a 2b 4 6 7 9 

__-- Protons and Alkaloid 

H-1 
H-1‘ 
J I , ~ I  
H-3 
H-4 
J3*4 
H-10 
H-11 
H-14 
H-17 
-OC& 
-0CHZO 

4.68 s 4.74 s 

4 . 4 8 d  5.71 d 
3 . 4 8 d  3 . 5 7 d  
8 .0  8 . 0  
3 . 2 1 m  3 . 2 6 m  
4.78 t 6.17 t 
6.62 s 6.58 s 

i6.88 s 6.70 s 
3.71 s 3.68 s 
5.91 s 5.90 s 

1.85 s 
2.06 s 

1.49 d 
2.65 d 

3.99 d 
3.45 d 
9 .o 
3.05 m 
4.87 q 
6.65 s 
6.65 s 
3 . 4 7 s  
5 . 8 2 s  

14.0 

1.55 d 
2.70 d 

4.78 d 
3.75 d 
9 .o 
3.07 m 
4.90 q 
6.51 s 
6.63 s 
3.45 s 
5.87 m 
1.66 s 

14 . O  

4.56 s 

4.12 t 4.05 d 
3 . 1 6 m  3 . 1 7 d  

3 . 1 6 m  2 . 7 7 d  
4.71 q 4 . 7 4 t  
6.56 s 6.64 s 
6.81 s 6.67 s 
3.39 s 3.68 s 
5 . 8 7 s  5 .89  s 

5 . 0  

4.60 s 

3.24 s 

2.79 m 
4.76 m 
6.67 s 
6.73 s 
3.72 s 
5.89 s 

5’.33 s 

5.72 d 
3.58 d 
8 . 0  
4.25 qb 
6.34 q 
6.59 s 
6.69 s 
3.80 s 
5.97 s 
1.88 s 
2.09 s 

a Measured in CDCI, with a Varian HA-100 spectrometer. Chemical shifts ( 6 )  are expressed in ppm from tetramethylsilane 
and coupling constants (J) are expressed in Hz. b This signal is due to only one of the H-10 protons. 

1 
Figure 1. Stereoformula of 11-hydroxycephalotaxine (la): 0, car- 
bon; 0, nitrogen; 0, oxygen. 

cm-l);  no carbonyl band was present. As in the case of 
la, there were signals in the nmr spectrum of 2a associ- 
ated with a methylenedioxy group (6 5.82), two para aro- 
matic protons (6 6.65), a methoxyl group (6 3.47), and a 
proton on an oxygen-bearing carbon (6 3.99) which was 
coupled to a benzylic proton (6 3.45). The signal a t  6 3.99 
appeared as a broad triplet in CDC13 but collapsed to a 
sharp doublet when D2O was added. Absence of any vinyl 
proton signals argued against the presence of a double 
bond in 2a. A quartet appeared a t  6 4.87 which was the X 
portion of an ABX system. Assuming that 2a also had the 
cephalotaxine ring system, this signal was assigned to a 
proton on a carbon bearing both oxygen and aryl functions 
(Cll). An outstanding feature in the nmr spectrum of 2a 
was the presence of two coupled (J = 14.0 Hz) one-proton 
doublets a t  6 1.49 and 2.65. This coupling suggested that 
these were geminal protons in an isolated methylene 
group ((21); no similar pair of doublets appeared in the 
spectrum of la. Acetylation of 2a gave a mono-0-acetyl 
derivative (2b, C20H23N06) demonstrating that 2a con- 
tained only one hydroxyl group. The doublet a t  6 3.99 in 
the nmr spectrum of 2a shifted downfield to 6 4.78 in 2b; 
however, the quartet a t  6 4.87 was essentially unaffected. 
Thus the oxygen function assigned to C11 was necessarily 
involved in an ether-type linkage, and we concluded that 
the structure of 2a could only be as shown. An alternative 
structure with an oxygen bridge between CIO and C2 was 
considered unlikely from the nmr data and from inspec- 
tion of molecular models. 

Alkaloid 2a, for which we propose the name drupacine, 
can be regarded as a ketal formed by intramolecular addi- 
tion of the C11 hydroxy group of la to the double bond. 

McKay3 reported an alkaloid (Cephalotaxus alkaloid G )  
with an nmr spectrum similar to that of 2a although he 
did not assign a structure to it. In a recent paper, As- 
adal0* reported an extensive reinvestigation of Cephalo- 
taxus alkaloids including isolation of a compound (alka- 
loid IV) which he considers to be identical with McKay’s 
alkaloid G.fOb Neither of these workers appears to have 
encountered 11-hydroxycephalotaxine. 

The structural relationship between la and 2a was con- 
firmed by converting la to 2a under mildly acidic condi- 
tions; this conversion was essentially complete after 6 hr 
in 1.0 N hydrochloric acid a t  ambient temperature. In 5% 
tartaric acid, the reaction was approximately 5% complete 
in 1 hr and 50% complete in 24 hr. These observations 
suggest that a portion of 2a from Cephalotarus may be an 
artifact of isolation. However, it  is unlikely that all of 2a 
is formed in this manner since the time in contact with 
5% tartaric acid was less than 2 hr during our isolation 
procedure. In order for such a reaction to occur, the con- 
figuration a t  C1l must be as shown in the accompanying 
stereoformula for la (Figure 1). Molecular models reveal 
that a hydroxyl group a t  C1l is easily within bonding dis- 
tance of C2 and that the cage-like structure of 2a is rigid 
but relatively unstrained. Models also demonstrate the 
close proximity of the C3 and C11 hydroxyl groups of la 
and explain the strongly hydrogen-bonded hydroxyl ab- 
sorption noted in the ir spectrum. 

We have confirmed the earlier observation that cephalo- 
taxine (3) is resistant to catalytic hydrogenation.3 In con- 
trast, alkaloid la was reduced to ll-hydroxy-1,2-dihydro- 
cephalotaxine (4) in good yield with Adams catalyst in 
acetic acid. Under identical conditions, lb, 2a, and 3 all 
gave no reaction. It is not apparent why the 11-hydroxyl 
group of la should have such an accelerating effect on re- 
duction. The configuration of the methoxyl group in 4 is 
uncertain although the nmr spectrum indicates that only 
one epimer is formed. 

Previous experimentation had shown that the C3 hy- 
droxyl in cephalotaxine (3) is resistant to tosylation de- 
spite the fact that it is readily acetylated. We anticipated 
that the C11 hydroxyl in la might be tosylated, leaving 
the C3 hydroxyl unaffected and thus allowing removal of 
the C11 oxygen function by reduction with lithium alumi- 
num hydride. However, when la was treated with p-tolu- 
enesulfonyl chloride in pyridine, the only identifiable 
product was a cylic ether (5, C18H19N04). The structure 
of 5 was deduced from inspection of its ir (no hydroxyl or 
carbonyl), nmr, and mass spectra. Formation of 5 could 
be explained if an intermediate C11 tosylate or chloride 
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were the initial product. The chloride intermediate would 
most likely be inverted a t  C11 and consequently would be 
in a favorable position for back-side attack by the C3 oxy- 
gen function to give the observed product. Similar chlo- 
rination reactions accompanied by inversion have been 
observed with methanesulfonyl chloride.11- 1la 

1j TsCl ’(19 
mod if  i e d 
Oppenauer 

OCH I (:%- (:q$ 
HO‘ 

6 7 
OCHj OCHj 

Oxidative approaches were also considered as a possible 
means of interconverting la and 3. Previous work had 
demonstrated that cephalotaxine is oxidized to cephalo- 
taxinone by a modified Oppenauer p r ~ c e d u r e . ~ J ~  We ap- 
plied this method to la and obtained neither a dione nor 6 
but instead isolated an abnormal product which was iden- 
tified as 11-hydroxycephalotaxinone hemiketal (7) .  Al- 
though the nmr spectra of 5 and 7 were quite similar, the 
signal due to the proton on C3 (d, 6 4.05) in 5 was absent 
in the spectrum of 7, and the signal assigned to the proton 
on C4 appeared as a singlet (rather than a doublet). Molec- 
ular models again demonstrated the rigid, but not highly 
strained, character of both 5 and 7 .  

The relationship between compounds 6 and 7 is similar 
to that encountered with prometaphanine, which report- 
edly exists as an equilibrium mixture of a ketone (Sa) and 
a hemiketal (8b).I3 

&H, 
8a 8b 

Slabaugh and Wildman14 have reported the removal of 
a benzylic hydroxyl function in a successful conversion. of 
6-hydroxypowelline to powelline. The first step of their se- 
quence involved a selective hydrolysis of 3,6-0, O-di- 
acetylhydroxypowelline to 3-0-acetylhydroxypowelline a t  
ambient temperature in dioxane-water. Following their 
procedure, we attempted selective hydrolysis of lb which 
gave an isomer (9) rather than the desired product, 3 - 0 -  
acetylhydroxycephalotaxine (10). Compound 9 was easily 

0 0 
I1 

OCCH? 
II 

CHjCO 

(o 0% \ ‘ - (Ic% 
CH,CO 

0 OCHq 0 OCH, 

lb 9 

separated from the remaining lb by preparative tlc, and ir 
indicated that it contained no free hydroxyl groups. Mass 
spectra of lb and 9 were nearly identical. An nmr spec- 
trum of 9 was similar to the spectrum of lb in that  there 
were signals which could be attributed to two acetyl 
groups, a methoxyl group, a vinyl proton, a methylenedi- 
oxy group, and two aromatic protons. Also present was the 
characteristic pair of one-proton doublets due to the C3 
and C4 protons (6 5.72 and 3.58, J = 8.0 Hz). The chemical 
shift and coupling constant of the CB proton were nearly 
the same in both Ib  and 9 indicating that the configura- 
tion at C3 had not changed. The vinyl proton signal had 
shifted downfield to 6 5.33 in the spectrum of 9. A one- 
proton quartet a t  6 6.34 was assigned to the C11 proton, 
and another quartet a t  6 4.25 was assigned to one of the 
two Clo protons. These two protons were coupled, J = 
11.0 Hz. Thus alkaloid 9 could only be the C11 epimer of 
lb. An acetate a t  C3 is situated in an ideal position for 
transannular interaction with a C11 hydroxyl group 
formed in the hydrolysis. Although the mechanism of the 
epimerization is not known, S N ~  attack by the acetate ion 
on an ortho acid intermediate ( 1 1 )  could explain the re- 
sults. 

A d -  

H+ 
11 10 

- 9  

Other approaches to the interconversion of la and 3 in- 
volved attempts to functionalize 3 at Cll. Oxidation of 3 
under Etard conditions15 gave a low yield of cephalotaxi- 
none as the only recognized product. Reaction of 3 with 
N-bromosuccinimide,16 in an attempt to brominate 3 se- 
lectively a t  C11, again gave only cephalotaxinone; oxida- 
tion of alcohols is a well-known alternative reaction of N -  
bromosuccinimide.~~ Future attempts to functionalize 3 
at C11 should be carried out on suitably blocked deriva- 
tives because the C3 hydroxyl is quite sensitive to oxida- 
tion. 

Conversion of la to 2a and to 5 and 7 leads us to con- 
clude that the two hydroxyl groups can only be a t  C3 and 
C1l with stereochemistry as shown. Examination of spec- 
tral data, molecular models, and considerations of possi- 
ble mechanisms of formation of these products and of 9 all 
reinforce our structural assignment for la which, inciden- 
tally, occurs as the most hindered of four possible geomet- 
ric isomers. C. harringtonia var. drupacea is unique in 
containing these two alkaloids ( la  and 2a) not yet found 
elsewhere.6v18 

Experimental Section 
Melting points were determined on a Fisher-Johns’s block and 

are uncorrected. A Beckman DK-2A spectrophotometer was used 
to record uv spectra, and ir analyses were done on 1’70 solutions in 
CHC13 with a Perkin-Elmer Model 137 instrument. Optical rota- 
tions were determined with a Cary Model 60 recording spectropo- 
larimeter in 0.5-dm cells. Low-resolution mass spectra were ob- 
tained on a Du Pont (CEC) 21-492-1 spectrometer, and high reso- 
lution data with a Nuclide 12-90G spectrometer. Proton nmr 
spectra were measured with a Varian HA-100 instrument in 
CDC13 solution, and extensive spin decoupling was used to verify 
assignments. 

All compounds and reaction mixtures were analyzed by tlc with 
appropriate solvent systems, normally CHC13-MeOH (9:1), on 
Brinkmann precoated 0.25-mm Silica Gel F-254 plates. Spots 
were visualized by staining the plates with iodine vapor. Prepara- 
tive tlc separations were made on 1-mm Silica Gel G layers and 
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visualized with Bromothymol Blue. Samples were recovered from 
silica gel by washing with CHC13-MeOH (3:1), and all CHC13 ex- 
tracts were routinely dried over anhydrous NazS04. 

Isolation of Alkaloids. The general method for isolating crude 
alkaloid mixtures from Cephalotaxus plant material has pre- 
viously been described in detail.6 Cephalotaxus harringtonia var. 
drupacea (Sieb. + Zucc.) Koidzumi plants parts examined in this 
study included leaves, green twigs, woody stems, and seed.z0 
Yields of crude alkaloid, expressed as percentages of total plant 
material, were as follows: leaf (0.15), twig (0.13), stem (0.12), and 
seed (0.81). Preliminary tlc of the leaf, twig, and stem samples 
indicated similar compositions with major amounts of alkaloids 
la and 2a along with lesser amounts of 3 and three minor uniden- 
tified materials. The seed sample contained several additional al- 
kaloids. 

A 1.0-g sample of crude alkaloid from twigs was separated on 
ten preparative tlc plates, which were developed with 15% MeOH 
in CHC13. This procedure gave alkaloids la (280 mg), 2a (290 
mg), 3 (167 mg), and a mixture of unidentified materials (75 mg). 

Preliminary separation of a 12.2-g sample of seed alkaloid was 
done by countercurrent distribution, and final separation of the 
individual alkaloids was carried out by a combination of column 
chromatography and preparative tlc. The entire procedure was 
described earlier.6 Final alkaloid yields were as follows: la (1.2 g), 
2a (1.9 g), and 3 (3.8 9). Two other alkaloids were positively iden- 
tified by their mass and nmr spectra: harringtonine (0.8 g) and 
isoharringtonine (0.4 g).8 A 3.3-g loss was encountered, most of 
which occurred during the column chromatographic step and left 
0.9 g of unidentified material. 

11-Hydroxycephalotaxine (la). Alkaloid la afforded colorless 
crystals from MeOH: mp 235-242" dec; [.Iz6D -139" (c 0.56, 
CHC13); ir (CHC13) 3500 cm-I (broad hydroxyl); nmr (Table I);  
mass spectrum (70 eV) mle  (re1 intensity) 331 (loo), 314 (61), 313 
(39), 300 (24), 298 (39), 295 (36), 287 (24), 270 (59), 255 (25), 253 
(21), 244 (22), 214 (24), 138 (24), 110 (22). 

Anal. Calcd for C18&1NO$ C, 65.24; H, 6.38; N, 4.22. Found: 
C, 65.41; H, 6.41; N, 4.23. 
3,11-0,O-Diacetylhydroxycephalotaxine ( lb) .  A 430-mg sam- 

ple of la was acetylated in 6 ml of acetic anhydride-pyridine 
(1:l) 18 hr a t  26" and was then evaporated to a red-brown syrup 
on a rotary evaporator. The residue was dissolved in dilute 
NHkOH, and products were recovered by CHC13 extraction. 
Crude product (443 mg) gave 265 mg of l b  after preparative tlc on 
three plates (5% MeOH in CHC13). Alkaloid l b  was obtained as a 
white amorphous solid: [ a I z 6 ~  -168" ( e  0.42, CHC13); uv max 
(CzHsOH) 289 nm ( e  3520), 237 (5830); ir (CHCl3) 1740 cm-I 
(ester carbonyl); nmr (Table I); mass spectrum (70 eV) m l e  (re1 
intensity) 415 (lo),  372 (7), 356 (30), 342 (loo), 329 (4), 324 (3), 
312 (5) ,  296 ( l l ) ,  282 (5), 268 (6), 264 (51, 253 (51, 252 (5), 227 (5), 
214 (9). 

Drupacine (2a). Alkaloid 2a afforded colorless crystals from a 
minimum solution of MeOH-CHC13 (1:l)  to which a large excess 
of hexane had been added: mp 70-72"; [ c Y ] ~ ~ D  -137" ( e  0.79, 
CHC13); uv max (CzH50H) 291 nm ( c  4090), 242 (3110); ir 
(CHC13) 3600 cm-I (hydroxyl); nmr (Table I); mass spectrum (70 
e v )  mle  (re1 intensity) 331 (88), 314 (lo),  300 (26), 272 ( lo) ,  242 
(141, 228 (231, 214 (14), 190 (84), 173 (141, 161 (73), 160 (14), 159 
(201, 154 (41), 142 (loo), 141 (48), 138 (38), 131 (16), 124 (28), 110 
(31),96 (18),83 (36), 70 (18). 

Anal Calcd for C ~ ~ H ~ I N O ~ :  C, 65.24; H, 6.38; N, 4.22. Found: 
C, 65.55; H,  6.49; N, 4.13. 

3-0-Acetyldrupacine (2b). A 53-mg sample of 2a was convert- 
ed to 2b (47 mg) by the procedure cited for the preparation of lb. 
Acetate 2b was obtained as an amorphous white solid upon evap- 
oration of an ether solution under vacuum: mp 75-90"; [ a I z 6 ~  
+26" (c 0.23, CHCl3); ir (CHC13) 1740 cm-I (ester carbonyl); nmr 
(Table I);  mass spectrum (70 eV) mle  (re1 intensity) 373 (77), 356 
(121, 330 (101, 314 (loo), 254 (lo),  242 (13), 228 (12), 214 ( l l ) ,  190 
(13), 189 ( l l ) ,  173 (18), 172 (33), 161 (36), 154 (20). 

Conversion of Hydroxycephalotaxine (la) to Drupacine (2a). 
An 88-mg sample of la in 10 ml of 1.0 N HCI was allowed to react 
a t  26" for 6 hr. The reaction mixture was basified with NaZC03 
and then extracted repeatedly with CHC13. Preparative tlc of the 
crude product (91 mg) yielded 86 mg of 2a: [ a I z 6 ~  -62" (c 0.70, 
CHC13). The nmr, ir, uv, and mass spectra of 2a produced in this 
manner were all indistinguishable from the corresponding spectra 
of naturally occurring 2a. 

In order to approximate acidic conditions encountered during 
isolation of the crude alkaloid mixture, 35-mg samples of la were 
allowed to stand in 5% tartaric acid solution (26") for periods of 1 
and 24 hr, respectively. Products were recovered, after basifica- 

tion with ammonia, by extraction into CHC13. Under these condi- 
tions, conversion of la to 2a was approximately 5% complete in 1 
hr and 50% complete in 24 hr, as judged by tlc. 

Hydrogenation of Hydroxycephalotaxine (la). A 53-mg sam- 
ple of la was hydrogenated a t  26" and atmospheric pressure using 
Adams platinum catalyst in glacial HOAc (4 hr). Compound 4 
(26 mg) was obtained by preparative tlc: ir (CHC13) 3400 cm-l 
(broad hydroxyl); nmr (Table I); mass spectrum (70 eV) m l e  (re1 
intensity) 333 (loo), 318 (28), 302 ( le) ,  274 (65), 245 (64), 244 (35), 
228 (46), 227 (21), 214 (18), 188 (20), 140 (26), 128 (19), 126 (39), 
112 (27), 96 (37). Under identical conditions, lb ,  2a, and 3 all 
gave no reaction. 

Anal. Calcd for C18H23NO5: M + ,  m/e 333.158. Found: M+,  
mle  333.156. 

Compound 5 from Attempted Tosylation of la. To a solution 
of 120 mg of la in 5 ml of pyridine was added 177 mg of p-toluene- 
sulfonyl chloride, and the resulting solution was allowed to react 
a t  26" for 18 hr. Solvent was then evaporated under reduced pres- 
sure, the residue was dissolved-in dilute NHIOH, and 103 mg of 
crude product was recovered by ether extraction. Preparative tlc 
of the crude product yielded 19 mg of 5 along with 60 mg of a 
complex mixture of ill-defined materials. Compound 5 was an  
amorphous solid: [ c Y ] ~ ~ D  +23' (c 0.18, CHC13), ir (CHC13) no hy- 
droxyl or carbonyl bands; uv max (CzHaOH) 291 nm ( e  4460); 
nmr (Table I ) ;  mass spectrum (70 eV) mle  (re1 intensity) 313 
(loo), 298 (26), 282 (8 ) ,  270 (9), 255 (lo),  243 (lo),  188 (14), 175 
(25), 150 (16), 110 (22). 

Anal. Calcd for C18H19N04: M+,  mle  313.131. Found: M + ,  
mle  313.129. 

Oppenauer Oxidation of la and  Recovery of 11-Hydroxyce- 
phalotaxinone Hemiketal (7). Alkaloid la (129 mg), benzophe- 
none (540 mg), and potassium tert-butoxide (86 mg) were dis- 
solved in 25 ml of tert-butyl alcohol, and the solution was re- 
fluxed for 6 hr. Solvent was removed on a steam bath under a 
stream of Nz, the residue was dissolved in 5% HOAc, and the re- 
sulting solution was extracted with CHC13 to remove neutral or 
acidic materials. The remaining aqueous solution was basified 
with NH4OH and extracted again with CHC13. Preparative tlc of 
the crude product (86 mg) gave 49 mg of 7 and 24 mg of unreact- 
ed la. Compound 7 was an amorphous material: ir (CHC13) 3600 
cm-I (hydroxyl); nmr (Table I);  mass spectrum (70 eV) mle  (re1 
intensity) 329 (loo), 314 (18), 312 (22), 311 (13), 298 (17), 296 (22), 
286 (25), 268 (19), 241 (15), 166 (15), 150 (45), 139 (77). 

Anal. Calcd for C18HlgN05: M+,  mle  329.126. Found: M+, 
mle  329.126. 

Attempted Selective Hydrolysis of lb. A solution of 60 mg of 
I b  in 10 ml of dioxane-water (1:l)  was allowed to stand a t  room 
temperature for 72 hr. The solution was evaporated under re- 
duced pressure, and chromatography of the crude product on a 
silica gel plate yielded 16 mg of unreacted l b  and 21 mg of a new 
compound (9) .  The amorphous compound 9 gave no hydroxyl 
bands in the ir; nmr (Table I);  mass spectrum (70 eV) mle  (re1 
intensity) 415 (5), 414 (6), 356 (111, 355 (6), 343 (19), 342 (loo), 
328 (81,310 (6), 298 (5), 296 (6), 284 (6), 282 (5), 280 (5), 214 (6). 

Anal. Calcd for C Z ~ H Z ~ N O ~ :  M+,  mle  415.163. Found: M+, 
mle  415.164. 

Oxidation of 3 with Chromyl Chloride. To a solution of 1.0 g 
of 3 in CC14 was added a solution of 0.3 ml of chromyl chloride in 
5 ml of cc14. Considerable precipitate was formed immediately 
upon addition, and the mixture was allowed to stand for 3 hr. 
The precipitate was filtered and washed with CC14, yielding 285 
mg of product. The precipitate was then dissolved in dilute aque- 
ous NHdOH, and the resulting solution was extracted repeatedly 
with CHC13 to yield an additional 500 mg of product. The recov- 
ered fractions appeared to be identical by analytical tlc and so 
they were combined; 400 mg of this mixture was separated by 
preparative tlc. This procedure yielded 21 mg of cephalotaxinone 
and 286 mg of unreacted 3. These products were identical with 
known samples of the alkaloids as judged by ir, nmr, and mass 
spectra. 

Reaction of 3 with N-Bromosuccinimide. To a solution of 200 
mg of 3 in 6 ml of cc14 was added 115 mg of N-bromosuccinim- 
ide, and the resulting mixture was refluxed for 2 hr. Solids were 
then filtered and washed with CHC13. The filtrates yielded 237 
mg of crude product which was then separated by preparative tlc. 
This procedure gave 68 mg of cephalotaxinone and 48 mg of un- 
reacted 3. 
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The oxymercuration-demercuration procedure, in aqueous THF, was applied to  limonene (1) to investigate 
the behavior o f  i ts  two double bonds. I t  was shown t h a t  cis-1,8-terpin (cis-7) and 1,8-cineole (9) were produced 
when a 1:2 l imonene-Hg(0Ac)Z mole ra t io  was used. Production of a-terpineol ( 5 )  together w i t h  cis-7 and 9 was 
observed when the l imonene-Hg(0Ac)z mole rat io  was reduced (1 : l  and 1:0.5). The reactions were very fast and 
no oxidative side process was evident. Fur ther  in format ion on the reactivi ty o f  the endocyclic limonene double 
bond was given b y  comparison of the behavior of 5 and 1-p-menthene under the same reaction conditions. The 
results indicate tha t  the f irst hydroxyl group tha t  adds onto the external limonene double bond enhances the re- 
act ivi ty of the internal double bond, promoting a h igh  overall reaction rate. Moreover, the unexpected produc- 
t ion  of  bo th  cis-7 and 9 indicates that, although the f irst hydroxy l  group is in an ideal posit ion to  react, oia a 
six-membered ring, to  give the corresponding cyclic ether 9, the latter only par t ia l ly  forms, the major product 
being the corresponding d io l  cis-7. 

We undertook the present study in order to investigate 
the relative reactivity of the two differently hindered un- 
conjugated double bonds of limonene, with respect to the 
mercuric acetate addition, as part of a program which in- 
volves the combined use of mercuric acetate addition and 
tlc as a qualitative analytical tool for the monoterpene hy- 
drocarbon class.1 The isolation for identification purposes 
of the hydroxymercurials obtained carrying out the addi- 
tion reactions in aqueous medium, appeared to be a mat- 
ter of considerable difficulty. We then monitored the reac- 
tions via the isolation and identification of the products 
obtained by reduction of the mercuric adducts with 
NaBH4, according to Brown's procedure.2 This consists of 
an oxymercuration-demercuration sequence which pro- 
vides, in this case, a convenient method of obtaining 
known monoterpene alcohols, easily detectable by glpc. 

Results and Discussion 
The following oxymercuration-demercuration scheme 

might result if account is taken of both reaction sites on 
the limonene molecule (Scheme I) .  

The reaction carried out in a 1:2 limonene-mercuric ac- 
etate molecular ratio was very fast,3 coming to completion 

in a matter of seconds. Analysis for alcohols, after reduc- 
tion, showed an almost quantitative yield of cis-1,8-terpin 
(cis-7) (hydrate) and 1,8-cineole (9). This implies that the 
endo- and exocyclic double bonds, despite the different 
steric hindrance, show a similar high reactivity. On the 
other hand, a considerable difference in reactivity should 
have promoted a sequence in the mercuration stage, most 
likely initially involving the external double bond and 
then the internal one after the first attack arrived a t  com- 
pletion. Accordingly, running a reaction in a 1:l limo- 
nene-mercuric acetate molecular ratio, would give rise to 
the adduct 4 as the major product which, on reduction, 
leads to a-terpineol ( 5 ) ,  while /3-terpineol (3) ,  cis- or 
trans-7 and 9, which originate respectively from 2, 6,  and 
8 adducts, should be absent or present in only very small 
amounts. On the contrary, a high yield of cis-7 (hydrate) 
and 9, together with the expected 5 ,  was observed carry- 
ing out this 1:l reaction, which was complete in the same 
time as the 1:2 ratio reaction. Obviously a corresponding 
amount of unreacted limonene was also found. The same 
situation concerning both products and rate was also ob- 
served running a 1:0.5 limonene-mercuric acetate reac- 
tion. It should be emphasized that the reactions were ex- 


