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Asstract.—Alkaloids of the Taxaceae are briefly surveyed. Compounds contain-
ing the taxane nucleus are reviewed, including discussions of their isolation, nomen-
clature, and 'H nmr, ms and X-ray analyses.

The Taxaceae are generally considered to include the five following genera:
Amentotaxus Pilger, Austrotaxus Compton, Pseudotoxus Cheng, Taxus Linnaeus
and Torreya Arn (1); apparently, alkaloids have been found only in species of
Taxus.

The constituents of the needles and other parts of the English vew (Taxus
baccata 1..) have been studied for over a hundred years, and there has been a con-
fusing proliferation of very similar names for the isolated components and their
derivatives, e.g., taxicatin; taxicin I and II; taxine; taxine A, B, C, I and II;
taxinine; taxinine A, B, E, H, J, K and L; taxininol and anhydrotaxininol; taxinol;
taxiphyllin; taxiresinol and iso-taxiresinol; taxol; and taxusin. Many of these
names do not refer to alkaloids, and a number of them are not derivatives of
taxane. The most recent review of the different constituents of T. baccafa was
published in 1976 (2).

In addition to T. baccata, the following species also contain alkaloids: T. bac-
cata var. barroni Barron (3), T. baccata var. fructu luteo Pilg. (3), T. brevifolic Nutt.
(4), T. canadensis Willd. (5), T. chinensis (Pilg.) Rehd. (6), T. cuspidata Sieb. &
Zuce. (7), T. cuspidata var. nana Rehd. (7), T. fastigiata Lindl. & Gord. (8), T.
JAoridana Nutt (7) and T. speciosa Florin (9). Not all of these species have had
their alkaloids identified.

After examining the taxane nucleus and surveying briefly the literature of
taxine, this review will discuss the available formulas, *"H nmr, ms and X-ray data
of various taxane derivatives.

NOMENCLATURE AND STRUCTURE OF TAXANE

Prior to 1964, every worker in the field used his own system of numbering the
taxane derivatives, but in that yvear three groups recommended numbering the
molecule in the same manner (10, see 1). For several yvears this recommendation
was followed; but in 1969, without explanation, another system numbered the
methyl groups differently (11), and both systems have been used since. In 1978
the IUPAC published “Section F: Natural Products and Related Compounds,”
recommending the latter system (12, see 2), which was based on an unpublished
report also used by Chemical Abstracts (13).

It is difficult 1o illustrate the caged structure of taxane and its derivatives in a
two-dimensional drawing. One possibility is shown in 3; rings A and C are folded
back so that they are almost perpendicular to the “plane” of ring B, which is in a
boat-chair conformation. This structure (3), numbered according to the TUPAC

'The mention of firm names or trade products does not imply that they are endorsed or
recommended by the U.8. Department of Agriculture over other firms or similar products
not mentioned.
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system, will be used as the basis for the taxane compounds discussed in the follow-
ing sections.

A BRIEF CHRONOLOGY
In 1856, Lucas isolated from T. baccata an alkaloid called taxine (14) for which
the early research was reviewed by Henry in 1949 (15). Associated with crude
taxine were color reactions which, as Lefebvre discovered, were due to a glucoside
that he isolated and called taxicatin (16).

5a Ry TR, = H, Ry=Rg=R,=CO-CHy R = CO~CHICH-C,Hy
5 R, = OH, Ry =R3= R =Rs=Rs=H

5c Ry =Ryt RgzH Ry:Rs=Re= CO-CHy

5d Ry = R, TH Ry = Ry = Ry = Ry = CO~CHy

Se Ry T H Ry = Ry = Rg = CO-CHy Ry = CO-CHICH=CyHs,

R, = O-CO-CH,
Ry = OM, R, = Ry = Ry = CO-CHy, Ry = CO~CHICH=CHy,
Re = H

I

In 1921, Winterstein and Iatrides assigned to taxine the empirical formula
Cy:HuNOy (17); treatment with acid produced a crystalline nitrogenous com-
pound, CyiH;;NO,, which appeared to be 3-dimethylamino-3-phenyl propionic
acid (18). In 1922, taxine was found in the Japanese yew (7. cuspidata) (19);
in 1925, formulas were given for taxinolamine (C»Hy»NOs), taxic acid (CisHz005)
and taxinol (CiyH:;) produced from taxine (20). Besides taxine, Kondo and
Takahashi found a nitrogen-free compound, taxinine, in the alcohol extract of the
needles of the Japanese yew (20). Later work revealed that taxinine was also a
decomposition product of taxine (21). Reduction of taxinine by LiAlH. pro-
duced, among several compounds, an ether-insoluble product called taxininol (22).
After many vears of work, the structures for taxinol and taxinine were finally
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established as CyoH3:0; (4a) and C;;HyOs (5a), respectively (23). Bourbeau as-
signed the name taxinine to a C3;H;7N3010 compound isolated from the Canadian
vew (7. canadensis) (5); no further research on this compound seems to have
been reported.

In 1934, Jesser erroneously stated that Amato and Capparelli found, in addi-
tion to taxine, an alkaloid called milossine in the seeds and needles of the vew
(24); the colorless, crystalline substance Amato and Capparelli called milossine
was nitrogen-free (23).

Graf (26) appears to be the first to recognize that taxine is a mixture of alka-
loids, three of which he calls taxine A (C3;HNOq0), taxine B [CysHz NOs, which
he later revised to C3;Hi;NOs (27)1 and taxine C, for which he gave no formula.

Lythgoe and coworkers found that the major alkaloid (4097) of the English
vew was taxine-1, oceurring as an ester derivative of a tricyelic diterpenoid, taxicin-I
(C2oH3006, 3b) (28). 1In a ten-vear period, they published ten papers describing
their work on taxine-I, taxine-II, and other taxane derivatives. In 1968 Lythgoe
contributed a chapter on Teaus alkaloids (29) which covered the literature into
1966 and his own 1967 publications.

In 1963 Tavlor extracted from the heartwood of 7. baccate a substance he
called baccatin (CyH;00s or Cs2HysOr2) (30). A different compound, also called
baceatin and probably a methoxy triterpene (CxHys0y), was isolated from yvew
roots by Preuss and Orth (31). In order to distinguish the two baceatins, Halsall?
and coworkers called Tavlor’s compound baceatin-I (CsHyOp,). At the same
time, they discovered bacecatin-II (Cs:Hu4O44), baceatin-ITI (possibly CyHs04),
baccatin-IV (mw 592) and a taxane tetraol (CsH3z:04, 6a) (32).

In 1967, Nakanishi and coworkers isolated four new taxinine congeners from
the Japanese vew: taxinine A (CysH350s, 5¢), taxinine H (CxHgOs, 5d), taxinine
K <025H3508, 7a) and taxinine L (Cstngg, 7b) (34). In the following vear, they
reported the discovery of three more congeners: taxinine B (C;7H,015, 5e), taxinine
E (C37:HysO10, 6b) and taxinine J (CyxHuisO10, 6¢) (33). That same vear, other
Japanese workers reported isolation of taxusin (CysHyeOs, 6d) from the heartwood
of T. cuspidata (36). Taxusin has also been found in T. baccata, T. brevifolia, T.
floridana (37) and T. mairei (Lemée & Léveillé) S. Y. Hu (38). The hvdrolysis
product of taxusin was identified as the same tetraol (CyHs,Oy 6a) (36) found
naturally occurring by Chan et al. (32).

In 1969, Della Casa de Marcano and Halsall reported the isolation of seven
new taxane derivatives as well as taxusin from the heartwood of T. baccata: taxa-
4(20),11-diene-3@,9,1083,13a-tetraol 9,10-diacetate (C,Hsz0s, 6€), taxa-4(20),11-
diene-5e,78,92,108,13a-pentacl pentaacetate (CyoHy:0y0, 6f), taxa-4(20),11-diene-
2a,5a,9a,108,13a-pentaol pentaacetate {(CipHis04o, 6g), taxa-14(20),11-diene-2a,5¢,
78,9¢,108,13a-hexacl hexaacetate (Cs;HyO10, 6h), taxa-4(20),11-diene-2a,5a.78,
103-tetraol 5,7,10-triacetate 2-a-methylbutvrate (CyHyO:, 8a), taxa-4(20),11-
diene-2a,50,78,92,1038-pentacl 7,9,10-triacetate 2-a-methylbutyrate (CsHys0o, 8b)
and taxa-4(20),11-diene-2e,5¢,73,9«,108-pentaol 3,7,9,10-tetraacetate 2-a-methyl-
butyrate (CzpHi0400, 8¢) (11).

Della Casa de Marcano ef al. in 1970 revised the proposed formula CsH::013
for baccatin-III (39). They also established the structure of baccatin-I (now
(C3:H4013, 9a) and isolated the 3-deacetyl derivative of baccatin-I (CsoH,2012. 9b),

*In his publications (32, 33), Halsall repeatedly gives C;:Hy:O1 as the composition for
Taylor's baceatin and C;;H:O; for that of Preuss and Orth; both formulas are inexplicably at
variance with statements of the authors quoted.
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ba R =Ry =Ry =R, =Ry =Ry =H
b Ry = O—CO—CHy; Ry = CO-CHZCH—CyHs, Ry = H;
R, = Ry = Rg = CO-CHj
6c Ry = Ry = O-CO-CHj, Ry = CO-CH=CH—C,Hs; e ReH
R, = Rs = Ry = CO—CHy ~
4d Ry = Ry = M, R;= R,= Ry = Ry = CO-CH, 7b R=CO-CH,
4e R = Ry = Ry= Ry = H; R, =Ry = CO-CHy
of Ry = H; Ry= Ry = Rg= Ry = CO-CHy; Ry =O~CO-CH,
6g R, = O—CO=CHj, Ry =R = Ry= Ry = CO-CHy, Ry=H
bh R, = Ry = O-CO-CHy, R, =R, = Ry = R, = CO-CHy

o
I
o/ \CH3
Cﬁ,-z"'j
b
5 R,
-4
P PN
o) F 50 H
\C\ /H
HiC” ch,
|
CHs
8a R, =CO-CH,; Ry =H 92 R;= H, Ry= CO~CH,
8b Ry = H, Ry TO-CO~CHy 96 Ry=Ry=H
8¢ Ry = CO-CHy R, = 0-CO-CH; 9¢ Ry = OH, Ry= CO-CHj
100 R; = OH; Ry =Ry = H lle R, = OH; R, = CO-CH,
106 Ry = H; Ry= OH; Ry = CO—CHOMI=CHIC H; '~ NH-CO= C H, b Ry =H:Ry=CO-CHy
10c Ry = Ry= H, R, = OH s R = OH. Ry = CO-Cyhs

11d R, = OH, R, =CO=ICH,,~CH;

as well as 18-hydroxybacecatin-I (Cs;:HuOu, 9¢) (33) and baccatin-V (CyHgO4y,
10a) (40).

Whereas Tyler had found taxine in the needles of the Pacific yew (7. brevifolia)
in 1960 (4), Wani et al. isolated taxol (C:sHz; N Oy, 10b) from its stem bark in 1971
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(41). They also isolated taxol from several other Taaus species, including 7.
baccata and T. cuspidata. This compound showed considerable antileukemic and
tumor inhibitory properties.

In 1975, Della Casa de Marcano and Halsall determined the structures of
baceatin-III (now revised back to the 1966 formula, CyH;50y, 10¢), baccatin-1V
(C32H44014, 118.), 1—dehydroxybaccatin-IV (C32H44O13, llb) baccatin-VI (C37H45014,
11e) and baceatin-VII (Cs;H;:204, 11d) (42).

From 1966 to 1975, nineteen different taxane derivatives were reported by
Halsall and coworkers in seven brief communications; a full paper covering this
work has yvet to appear. Their earliest report (32) listed the empirical formula of
baceatin-1I as C3;HyuO4y; since that time, they have published the structures of
two isomeric compounds, 13-hydroxvbaceatin-I (33) and baceatin-IV (42). The
compound they originally called bacecatin-II may have been identified later as
18-hydroxybaccatin-I. The original baceatin-IV had a molecular weight of 592
(32}, but the compound called baccatin-IV in 1975 (42) had a molecular weight of
652, whereas da-deacetyibaccatin-I (33) has a molecular weight of 594. Perhaps
the latter was the compound originally called baceatin-IV.

EXTRACTION PROCEDURES

Extraction methods, when described in the literature, often have emploved
sulfuric acid—a rather harsh treatment for labile components. For example,
Callow et al. extracted vew needles by soaking them in 197 H,SO, (43), which has
a pH of 0.9; Nicholson used 197 H,80, for 4 days (3); Bourbeau suggested that the
alkaloid was most suitably extracted with 19, H;80,; (5); and Lythgoe soaked
vew needles seven days in 0.659; HoS0, (44), which has a pH of 1.1. Kondo and
Taga, however, extracted the needles with methanol, evaporated the solvent from
the residue, but then extracted the residue with 29, H,80, (45), which has a pH
of 0.65. In contrast, petroleum ether extraction of the heartwood of T. baccaia
was used to obtain the original baccatins (31, 32), and Wani e/ al. used aleohol
to extract the stem bark of 7. brevifolia (41).

Since baccatin-I1I is converted to baceatin-V under rather mild conditions (46),
taxine might be an artifact produced by sulfuric acid extraction. Perhaps that
is why taxine-I and taxine-II have never been isolated themselves and our
knowledge of their structures comes only from their derivatives (29). Mlilder
extraction procedures, such as those used by King et ol. (47), Wani ef al. (41) and
Chan et al. (32), might be necessary to obtain the alkaloids that are actually present
in vew,
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TaBLE 1. 'H nmr data for various taxane derivatives. Chemiecal shifts in § and couplings in Hz.

Protons of earbon number

Compound ’
(reference) \ f \‘ ; ‘
Lo 2 b3 5 | e ‘ 68 | 9 10
]
4L 5.77 3.06 531 { 5.02 5.26
brd brs d dd
—~1, \ J=10 J=~2,
~3 l ! 10
| I
5a (51)......... 2.3 5.58 3.42 | 5.37 ‘ ‘ 5.90 6.06
m dd d | d | d
J=2, J=65 ‘ J=10 J=10
6.5 ‘
5e (35)..... ... ~538 | ~223 |1.74 ‘ 5.43
m m ddd dd
J=~4 | J=~t, | J=~4, | T=53,
1 5.5, 11, 11
14.5 14.5
56 (48)......... — 156 3.53 5.33 5.9 6.1
d brd brs d d
J=65 | 7=63 J=10 J=10
: J
6b (35). . ...... ;
|
i
6d (1. ...... 3.0 5.36 5.88 6.05
m t d d
J=3 J=108 | J=10.8
fe (11).,....... 3.29 431 5.84 6.10
}‘ brs d d
| | J=108 |J=108
6 (). 2.95 5.42 5.59 5.97 6.25
m t q d
| /=3 J=8,10.5 | J=11.5 | J=115
bg (11)... ... l5.48 3.22 ‘ 5.52 !'5.95 6.05
q d | brs | d d
J=27 =6 \ ‘ J=105 | J=105
6h (11). ... 5.55 3.22 58 5.33 5.04 6.18
q d t . q d d
J=37 | J=7 J=38 | J=105 |J=10.5
Th(34) ... 2.14 6.12 —— | 556 e 1223 ————— | 571 5.56
d t m d d
‘ J=5 | J=5 J=85 ! J=10 J=10
8a (1) .. ... f 5.40 2.0 5.32 \ ‘5.00 6.09
| a \ : a
[ =236 | J=0 | T4 J=6,11
|
|
8b (11).. ... \ a3 |30 423 \ \ 500 | 5.5 6.12
‘ a { brs | | d
| J=37 | =1 ‘ \ J=509 ‘ J=10 J=10
. I
e (11)... ... : | 5.45 ‘ 3.01 | 3.8 ‘ 5.00 | 5.85 5.98
q ‘ q | d
PU=256  J=6 | | J=59  J=11 J=11
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TaBLE 1. *H nmr data for various taxane derivatives. Chemical shifts in & and couplings in Hz.

Protons of carbcn number

Acetate
i ; i : | ; ) signal
nolo 13 | 14 148 5 17l 10 20
|
1.7 2.75 — |24 © 2,58 185 0.5 } 138 | 095 | 536,530 1.95 2.00
m m ‘ dd dd rs s | d s H s 2.08, 2.10
J=~2,  J=~4, P U=2, J=T \ CJ=T
~t , 7 S 20 | ‘
_— — — |24 2.85 157 117228 | 084 | 4.88,5.37 | 2.06, 207
dd .odd s s s s s s
J= L J=6.3,
20 L20
7 I
‘
i 1 \
| ?
. i ! i
| i i
- —_— 27 170|123 | 227 095 | 47,533
! ! | s s s s brsbrs
! P J=19
| \ |
| | :
| ‘ | i I .
— 1580 148 ‘ 2.64 2.30
ddq - brdd ddd
J=15,  J=~17, ‘ J=9,10, J=13
7,10 15 | 15 i
i i i
— | i |
- — 5.86 ‘ 1638 | 1128 [ 295 | 075 | 479,521 |
q ‘ | !
J=328 ;
1 ‘
- - 434 i 152 091s 222 Lo7l . 474 5.08
Y ; ‘
J=58 i
- — 5.99 1.65 §1.15a 214 | 0.87 | 4.99,5.32
\ 1 |
/ | i |
_‘ i ; |
— | — 39 D168 Llds | 217 :0.90 ! 4.80, 5.35
| q } :
\ J=28 |
_ ‘
— —— 8 | ‘ 1785 | 1.17a 225 f 1.08 | 4.87,5.40 |
| | i i
| ‘
—_— 1345 | —— | 260 2.44 168 | 121 | 124  1.31 | 581,564
q d dd s LS s ss
L J=7 J=25, i J=520 ; =7
20 ! | ‘
_— 168 | Li4s 217 0.8 | 482,530
_ | I
—_— = i Lrae 1aze 217 loss 481,520
| ! \ ;
_ | i | ;
| ! : !
—_—_ 1720 145 219 |08 | 458532
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TasLe 1. Continued.

Protons of carbon number
Compound
(reference) .
1 2 3 5 fa 68 7 9 10
! ! |
98 (33)........ | 423
! J=3
10a (40). ....... —_— P 5.74 4.02 4.9 3.68 _ 6.83
d m sextet s
J=8
10b (41).. ... _ 5.68 3.80 4.92 _ 6.28
d o d d i s
J=6 | J=% J=10
0e(42).. .| —— 5.62 " 3.8 4.99 4.46 — 130
q q g
J=7 , J=T J=4,10 : J=6,10.5
1la (423, ., _ 5.62 1'3.06 5.00 5.52 5.95 6.22
d " d d
J=6 J=6 J=10 J=7,10 J=11 J=11
11b 42y, ... 5.60 2.90 5.00 5.58 5.92 6.18
d d d
| J=6 J=10 J=58 J=11 J=11
1le (42)........ —_— 5.90 3.19 1.08 : 5.57 6.05 6.22
d d d brt d
J=8 | J=6 J=10 J=8 J=10 J=10
11d 42)....... _ 5.63 3.05 4.98 5.50 5.94 6.19
‘ d brt d d
f J=6 J=6 J=10 J=8 J=11 J=11
12 49y, . 5.24 3.7 5.33 — |6.65
brd brs s
J=7 | !
183 (41)........ — 5.71 | 3.96 4.96 — | 6.46
d brd s
J=6 J=6 J=10
|
13 (42)........ — 5.71 3.92 4.96 | 4.48 — | 648
a s
J=6 J=6 J=4.9

sAssignment made by present author.
bReassignment made by present author.

<Value determined by present author.

iThese two values may be interchanged (49).

eThis diketone was prepared from taxol (41).

fThis diketone was prepared from baccatin-IIT (42).

'H NUCLEAR MAGNETIC RESONANCE

The most definitive work on the 'H nmr of taxane derivatives has been con-
ducted by Lythgoe and coworkers (48-50) and Nakanishi and coworkers (34, 35,
51). The chemical shifts for the four methyl groups (see e.g., 5f) have been care-
fully studied by Lythgoe’s group. Since C-18 is attached to a double-bonded
carbon, it’s protons appear farthest downfield of the four (52.0-2.3) (48, 51).
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TasrLe 1. Continued.
Protons of carbon number
Acetate
! signal
11 12 B ] l4a . 148 ‘ 16 17 18 19 20
i |
I b i
_— ! : | 1722 1140 | 225 1124 357,25
: . 1
\ ! \ |
_— _— 4.9 ‘ L1108 | 1,040 ¢ 1,098 1620 ‘ 4.38
| m i ‘ ‘ s
o
| | i i
— 20 ; Lle2e e | Lsee 16T | 424 o220
I | brt | 8 s i brs s H ~‘ 2.
br=s i | | |
- — 4% ‘ [100 100 | 2010 l L85 | h17,430 | 220
m ' [ d | [ d d 2.25b
‘ ‘ J=1‘ J=3J=8§
| \ ;
S _ £.20 lio '121 200 ‘ 155 | 414,455 !
m ; i d 4 |
: ‘ | i | J=8J=8
i | i !
H | I
_ ——— | 5.0 ‘ 179|112 200 | 153 422,455 i
m ‘ ! Cod o4
1 | ‘ | J=8 7=
' | i
— e 6.20 | 178 [ 122 212 {154 435413
m ; | d d
! ‘ J=$J=8 |
i ! !
—_— 835 171|120 {200 135 | 430, 413
m i ' i | d d
! J=8J=8 |
|
_— — ] — 127 1956 | 205 | 118t 533, 4T | 292,292
| s s s s ‘ s br !
| i
\ | ]
_ - —_— f 1.265 1.206 | 2,08 186t 415,436 2,18
s | s s s id d 2.28
| ‘ | | J=8J=8
|
_— _ 125 120 212 167 | 415,435 | 2.22:c
s . ‘ d d 2,28
i i | | J=8J=8
‘ ‘ 1

The farthest upfield shift (60.7-1.2) has been assigned to the protons of C-19

(48, 50), except when affected by other groups (see below).

According to Nakanishi

and coworkers, the two geminal methyl groups (C-16 and C-17) are coupled to
each other (51); the higher field signals (61.18-1.34) of the two have been assigned

sHowever, 'H nmr spectra of these compounds available in the author’s laboratory show
little, if any, apparent coupling between protons at C-15 and C-16.
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to C-17 and the lower field signals (§1.47-1.69) have been assigned to C-16 (48,
50, 51). See the assignments listed in table 1 for 5-O-cinnamoyltaxicin-I triacetate,
5f. When the methylene group at C-20 is oxidized to give a 8-hydroxy group, a
transannular interaction produces a downfield shift in the C-19 protons to 61.30
or 1.38 (50). This reasoning accounts for the assignment of 61.24 to the C-19
protons of baccatin-I (9a, 33). Also, when an oxo group is attached to C-9 (12),
there are displacements in the shifts for protons on C-2, C-3, C-16 and C-19
(49, 50). (Note assignments for 9-ox0-3-O-8-phenylpropionyl-taxicin-II diacetate
(12) in table 1, particularly the large upfield shift for the protons of C-16.)

The chemical shifts for the four methyl groups of bacecatin-V, 10a (51.04, 1.10,
1.62, 1.99) were not assigned by Halsall and coworkers (40), but when more oxetan
compounds were found, definitive assignments were made for these methyl groups
(42). The B-oxetan ring causes the C-19 protons to move downfield to 61.54 (42).
(See table 1, compounds 1la and 11b as examples.) However, when an oxo
group at C-9 is also present, as in baceatin-III (10e), the value of the C-19 protons
is shifted even further downfield to §1.65 (42). At the same time, the presence of
the 9-oxo group causes an upfield shift of about 0.7 ppm in the value of the C-16
protons.

The AB quartet of the C-9 and C-10 methine protons is quite distinetive and
is centered at about §6 (e.g., in 5f). When an oxo group is present at C-9, as in
12, the signal of the C-10 proton is a singlet at §6.65; but in baceatin-III (10¢)
and baceatin-V (10a), this singlet is at 66.30 and 6.83, respectively. The only
difference in these two compounds is the configuration of the hydroxyl on C-7.
In baceatin-V (10a) the OH is « and it can hydrogen bond to the a-acetoxy group
at C-4. In bacecatin-IIT (10¢), the C-7 hydroxyl is 8; the « acetate at C—4 is
free to rotate and its carbonyl can shield the a proton at C-10 and possibly at
C-3 as well.

Reduction of the C-13 oxo group, as in taxusin (6d) and taxa-4(20),11-diene-
2a,5e,78,9,108,13a-hexaol hexaacetate (6h), has little effeet on the position of
the signal for the C-16 protons but shields the C-17 protons (50). However,
the 8-H at C-13 is coupled to the protons of C-18, producing a doublet (J=1.5
Hz) (35). If this doublet is not observed, there should be a broad singlet visible;
Halsall and coworkers make no comment on the multiplicity observed for the
C-18 protons of compounds 6d-6h (11), 9a-9¢ (33), 10a (40), 10e (42), 11a-11d
(42). As none of the shifts for acetate groups were given for these compounds,
some C-18 values in table 1 may be in error. The chemiecal shift of the C-13
proton shows the typical upfield shift if the acetoxy group at C-13 is replaced with
hydroxyl (40); compare 10b or 11a with 10e.

The chemieal shifts, multiplicities and couplings for the protons of carbons
6, 7, 13 and 14 were based on nuclear Overhauser effect experiments for taxinine
B (5e) and taxinine E (6b) (35).

There is disagreement in the literature surrounding some of the chemical shifts
for baccatin-V (10a) and the oxidation product (13) of taxol. The é-values assigned
to the methyl groups of baccatin-V by Wani ef al. (41) were not so assigned in their
literature source (40). The chemical shifts quoted by Della Casa de Marcano
and Halsall for the methyl groups of the diketone (13) from taxol (42) differed
from those given by Wani et al. (41) (table 2). Apparently, Wani ef al. were
unaware of Lythgoe’s work demonstrating the effect of the C-9 oxo group on the
methy! protons at C-16 and C-19 (49, 50) for baccatin-V, taxol, and its corre-
sponding diketone (41). On the other hand, Della Casa de Marcano and Halsall
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appear to be unaware of the small coupling between the C-13 SH and the C-18
methyl protons (35) for baceatins-IIT and -V or they would not have assigned a
peak at 62.23, probably due to an acetate, for the C-18 methyl group in baccatin-I11
(10c in table 1) (42).* The protons of the acetate methyl group produce a strong,
sharp singlet and should be distinguishable from other methyl signals. Experi-
ments in our laboratory indicate a doublet or broad singlet at §1.78 as the shift for
the C-18 methyl protons of taxol (10b) and the two acetate signals are at 2.20 and
2.36. Further, results for the diketone (13) indicate that the two downfield
signals, 62.18 and 2.28 in table 2, are due to the two acetate protons and that the
C-18 methyl signal is at §2.08.

TaBLE 2. Chemical shifts (§) for methyl groups of the diketone (13) from taxol.®
]
i

Carbon number ‘ |

Assignments by:

Della Casa de Mareano
Wani ef al. (41) ! and Halsall (42) Present author
4 OAc 2.08 —_ 2.184& 2.28

10 OAc 2.28 } —

16 1.66 : 1.26 1.26
17 1.26 1.20 1.20
18 2.18 2.28 2.08
19 1.20 1.66 1.66

aValues determined by Wani ef al. (41).

X-RAY CRYSTALLOGRAPHIC ANALYSIS

Chan et al. determined the structure of taxa-4(20),11-diene-5¢,9«,1083,13a-
tetraol (6a) on the basis of the X-ray analysis of the p-bromobenzoate of the
dihydro-anhydro-acetonide of the tetraol (32).

The configuration of taxinine (5a) has been determined by X-ray analysis
of the 14-bromo derivative of taxinol tetraacetate (4b) (52, 53). The six-membered
ring A (see 3) is a distorted boat cis-fused to the eight-membered ring B, which
has a “boat-chair” conformation; the six-membered ring C has a distorted chair
conformation and is trans-fused to ring B (53). The X-ray analysis of baceatin-V
(10a) similarly shows a distorted boat conformation for ring A, the ‘‘boat-chair”
form of ring B, the distorted chair conformation for ring C, and, in addition, an
essentially planar oxetan ring (54).

In order to obtain a crystalline derivative suitable for X-ray analysis, Wani
et al. hydrolyzed taxol to a tetraol and a nitrogen-containing a-hydroxy methyl
ester (41). The latter two compounds were derivatized and subjected to X-ray
crystallography, but full details of the X-ray analvsis apparently were never
published.

MASS SPECTROMETRY

Little ms data on taxane derivatives is in the literature. Kurono et al. have
stated that the low volatility of taxinine derivatives makes them unsuitable for

‘Unpublished irradiation experiments in our laboratory established 62.01 (d, J=1) as the
signal due to the C-18 protons of baccatin-III (10¢) and §1.99 (d, J=1.5) as the signal due to
the C-18 protons of baccatin-V (10a). The acetate signals were at §2.20 and 2.24 for 10¢ and
at 2.20 and 2.35 for 10a.
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ms, although they did report ms data on taxinol (4a) and its derivatives (23).
Wani e al. mention only four ms peaks: M+ for taxol (10b), M+ for the diketone
(13) obtained from taxol, M-18 for the nitrogen-containing a-hydroxy methyl
ester from methanolysis of taxol, and M-18 for the tetraol obtained from the same
reaction (41). Della Casa de Marcano and Halsall mention ms in two papers
without giving any data (11 and 33) and in a third paper give only one value,
m/e 575, for baccatin-VII (11d) (42). They attribute this value to a loss of water
and the hexanolyoxy group from the molecular ion but list it as M-115 instead of
M-133. No details are given in any of the above references as to how the results
were obtained.

Received 9 January 1950.
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