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Maytansine 1 is a potent anti- 
leukemic ansa macrolide isolated in 
1971 from Mayfews serrafa (Cela- 
straceae) n-hich is currently undergo- 
ing Phase I1 clinical trials under the 
auspices of the Sational Cancer In- 
stitute (1, 2 ) .  A large number of 
homologous antileukemic ansa niacro- 
lides have been isolated from several 
Mayteitus and Putterlickia species 
(Celastraceae), from Colubritza terewsis 
(Rhamnaceae) and, more recently, 

from fermentation broths of -170cavdia 
species S o .  C-15003(S-l) (1, 3. 4). 

Approximately 15,000 kg of M a y -  
tenus buchattatzii were collected in 
Kenya in 19'76 and sent to  Jlonsanto 
Research Corporation for i*olation 
of the mapansine. During the courqe 
of the isolation, ceveral fractionh 
n-ere obtained which did not cor- 
respond to  any knon-n maytansinoidq. 
When two of these fractions were com- 
bined and subjected to preparative 
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thin layer chromatography (ptlc) on 
silica gel GO (EM Labs) tn-o separate 
times a u-liite solid was obtained which 
Jyas crystallized from dichloromethane- 
hexanes to  yield 9 mg of normaytansine 
2, mp 1GG-1G7°.i 

The ultraviolet spectrum of 2 was 
indicative of a maytansinoid xyith ab- 
sorptions at 240, 250, 281, and 288 
nm, and the  infrared spectrum had 
bands a t  1740, 1710, and 1660 em-' 
which suggested that 2 was a may- 
tanside ester. The mass spectrum 
was typical of a maytanside ester with 
peaks at  mle 616 corresponding to  
1\1+-HzO-HNC0,2 m/e 471 resulting 
from subsequent loss of the side- 
chain ester at  C-3, m/e  456 due to loss 
of a methyl group from the mle 471 
ion, and m,le 436 due to loss of a 
chlorine from the m, e 4'71 ion. The 
pattern of ions at w e  471, 456, and 
436 was typical of a maytansinoid 
with a demethyl C-1 amide such as 
normaysine, and indicated that 2 had 
the same macrocyclic ring system as 
normapsine 3 (1). The loss of 145 
mass units from m,'e 616 to m e  471 
suggested that the C-3 side chain 
ester was the same as in maytansine 1, 
an ester of S-acetj-1-S-methyl-L-ala- 
nine (I). Peaks at m e 128 and m, e 
100 corresponded to  loss of -OH and 
-CO 0 H . re spec t ively . from r-ace tyl- 
S-met hj-1-L-alanine. 

Comparison of the proton magnetic 
resonance (pmr) spectrum of 2 n-ith 
the pmr spectrum of maytansine 1 
confirmed the structure of 2. The 
major difference betn-een the tn o 
spectra was the absence of the three 
proton singlet assigned to the C-1 

ISormaytansine is relatively unstable in 
solvent and decomposes upon standing in 
solvent a t  room temperature. 

2The parent ion of a maytansinoid is usu-- 
ally not detectable in the massspectrum due 
to  the facile loss of HzO and HKCO from the 
C9 carbinolamide. Thus, the highest peak 
detectable is the h4'-61 peak (1). 

amide methyl in the spectrum of 2. 
Identification of the C-3 side-chain 
ester as S-acetyl-S-methyl-L-alanine 
was confirmed by the characteristic 
signals at  6 1.33 (3H, d, J = i  Hz, 

6 2.85 (3H, s, C,'-KCH,), and 6 5.29 
(lH, q, J = 7  Hz, (22'-H). In  addi- 
tion, all the peaks expected for a 
maytanside ring identical to maytan- 
sine were present, and normaytansine 
was assigned structure 2.2 

I n  order to confirm the maytanside 
ring structure, 2 was treated with so- 
dium carbonate in methanol to elimi- 
nate the C-3 ester (1). The product 
obtained n-as identical by mixed tlc in 
several systems with normaysine 3. 

Sormaytansine 2 lyas found to  have 
significant in vivo activity against the 
P388 lymphocytic leukemia in mice a t  
doses comparable to maytansine (e.g., 
T I C  181 at 100 pg/kg) and iiz Titro 
activity against the KB cell culture 
(EDjo 10-3 p g / m l )  (5).3 Thus the 
amide methyl at  C-1 did not seem to 
affect the antileukemic activity of the 
mayt ansinoids. 

Cz'-CH,), 6 1.98 (3H, S, CZI-SCOCH,), 

EXPERIlIESTAL4 
ISOLATION or FRACTIOSS 207640-16 I% 19.- 

Large scale extractions and isolation of 
magtansine from 15,000 kgs of Muytenzrs 
bzicizamnzz (PR-46541, stemm-ood from 
Kenya collected app. January and February 

3Sormagtansine 2 was apparently isolated 
from an earlier large-scale preparation of 
maytansine by the group a t  the University 
of 1-irginia under the direction of the late 
Dr. S. Morris Kupchan but was never 
reported. 

4All mps are uncorrected. The nmr 
spectra were recorded on a Bruker M'P-80 
spectrometer with TMS as an internal 
standard The ir spectra were measured 
on a Perkin-Elmer model 283 instrument 
and the uv spectra w-eremeasured on aBeck- 
man .4ctn MVII recording spectrophoto- 
meter. The low resolution mass spectra 
were measured on a Finnigan model 4000 
spectrometer. The 9KB cytotoxicity as- 
says v-ere performed a t  Arthur D. Little, 
Inc., Cambridge, Massachusetts, and the 
P-388 zn t z c o  assays were performed a t  
Raltech Associates, Madison, Wisconsin. 
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1976) 5 n-ere performed bylfonsanto Research 
Corporation in Dayton, Ohio. Four sepa- 
rate lots of ma>-tansine were produced under 
conditions elaborated in Reference 6. One 
lot of maytansine, when analyzed on a 
Partisil P I S  10 '25 silica gel column m-ith a 
mobile phase of methylene chloride-meth- 
anol-diethylamine-n-hesane (T5:75:2:1000) 
and an ultraviolet detector at  254 nm, 
showed a slox eluting impurit>- (normay- 
tansine) of approximately 10yc total  area. 
To isolate the maytansine from the nor- 
mayt ansine, laborat or>- preparative chro- 
matography n a s  deemed necessary. 

The sample of maytansine containing the 
nprmaytansine was divided into two frac- 
tions. One portion dissolved in methylene 
chloride and chromatographed with a 
Partisil 10,'50 silica gel column (Whatman) 
with 75; isopropyl alcohol in methylene 
chloride as mobile phase. Elution was 
monitored by an ultraviolet detector at 254 
nm. Maytansine fractions were recovered 
and combined. The remaining fraction con- 
tained approximatel>- 70-80yc normaytan- 
sine. On sitting in solvent, horn-ever, the 
water-clear sample x i s  seen to turn yellow. 
On hplc analysis, additional faster eluting 
components,were seen at  the expense of the 
normaytansine. The sample m s  vacuum 
dried at 40' and labeled 207G40-1G. 

The second portion (5 .2  gmsj of may- 
tansine containing normaytansine dissolved 
in methylene chloride m-as chromatographed 
on a 2.34 em by 1 meter preparative hplc 
column, developed by JIonsanto Research 
Corporation specifical1~- for natural products 
purification, slurry packed with 230-400 
mesh silica gel (E. 11. Darmstadtj  and 
eluted .mder the following program: TKO 
hundred mls of methylene chloride followed 
bg 500 mls of a 3 5  isopropyl alcohol in 
methylene chloride finished off n-ith 4% 
isopropJ-1 alcohol in methylene chloride to  
completion. Fractions (10 nils each) were 
analyzed by hplc using a Partisil P I S  
10 25 silica gel column and a mobile phase of 
methylene ch!oride-methanol-diethylamine- 
ii-hesane fi5:75:2:1000) and a uv detector at  
254 nni. Fractions containing maytansine 
plus normaytansine were combined, dried in 
i ~ u c z ~ u ,  and re-chromatographed on a Partisil 
AI9 10 50 silica gel prep column v-ith methy- 
lene chloride-methanol-dieth;\-lsmine-)t-hex- 
ane (75:75:2:1000) as mobile phase. Frac- 
tions were collected and analyzed by hplc. 
SormaJ-tansine-containing fractions were 
combined, dried in x c i i o ,  and labeled 207640- 
19. 

tions 2OiF40-16 8- 19 were combined and 
subjected to  ptlc on silica gel GO (El1 Labs) 

I S O L I T I O S  O F  S O R l I 1 I T I S S I S E  2.-Frac- 

jPlant material u-as supplied b?- the 
Medicinal Plant Resources Laboratory, 
USD-1, Beltsville, l laryland,  through which 
voucher specimens are preserved. 

developed with 5 5  methanol-chloroform 
( 3 5 ) .  Elution of the major band gave a 
vellowish solid which was again subjected 
'to ptlc on silica gel GO developed with 5% 
methanol-chloroform. Elution of the ma- 
jor band gave a n-hite solid which mis 
crystallized from dichloroniethane-hexanes 
t o  vield 9 mg 2: mp 166-167": uv mas (EtOH) 
240 nni i e  31100), 250 (25,800), 281 (1100), 
288 (39001; ir IKBr) 3140, 2940, 1740; 1710, 
1GG0, 1590, 1480, 1130, 1400, 1310: 1290, 1100, 
1085 em-': nmr (CDC13) 6 1.04 (3H, s, C4- 

(3H, d ,  J = i  Hz, C2'-CH3), 1 . G i  (3H, S, 

(3H, s, C2'-SCH3), 3.07 ( lH ,  d: J j , ~ = 9  Hz, 

CHa), 1.30 (3H, d ,  J = 6  H z ,  CG-CHa), 1.33 

ClI-CH3), 1.98 (3H, S, C2'-XCOCH3), 2.85 

CS-H), 3.13 ( l H ,  d ,  Jl j , l j=13 H z ,  C15-H), 
3.38 (3H, S, ClO-OCHS), 3.55 ( l H ,  d ,  Jiu.11= 
9 Hz,  C10-H), 3.59 (1H,s, Cg-OH), 3.61 
( lH ,  d ,  Jj j , l j=13 Hz, C15-H), 3.96 (3H, S, 

dd, J2,3=11,3 Hz,  C3-H), 5.29 (lH, 9, 
C20-OCH3), 4.35 ( lH ,  m, Ci-Hi,  4.89 ( lH ,  

J = 7  Hz, C2'-H), 5.74 ( l H ,  dd, J I C , I I =  
9 Hz, J 1 1 . 1 ~ = 1 4  Hz, C11-H), 6.00, 6.i5 (2H, 
2s, Cli-H, C21-H), 1.0-2.5 (5H, CZ-Hz, 
C G H ,  C8-H2), 6.20-7.0 (1H, 2 S H ,  C12-H, 
C13-HI: mass spectrum d e  BIG, 4i1, 456, 
436, 248, 222,  187, 170, 149, 128, 100: high 
resolution mass spectrum vi ' e  Gli.2556, 

HYDROLYSIS OF 2.--1.3 nig of 2 was dis- 
solved in 0.5 ml of methanol-n-ater-tetra- 
hydrofuran (1:l:O.l) and 1 . G  mg of anhydrous 
SazCOa n-as added. The mixture m-as stirred 
a t  25" for two hours, then cooled in an ice 
bath and acidified with 3 drops of 1s HC1. 
The aqueous solution was estracted with 
eth?-l acetate (3x5 ml),  and the combined 
extracts were dried over anhydrous Sa2S04. 
The ethj-1 acetate was removed on a rotary 
evaporator to  yield 2 . 2  mg of a yellow oil. 
Ptlc on silica gel GO developed wi:h 5'5 
methanol in chloroform yielded 0.5 nig nor- 
ma>-sine 3, identical with authentic material 
in three different tlc systems. 
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C3211,1N205C1+Hi (?ll--Gl+H-)=G1~.2G29. 
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