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In order to confirm the chemical and stereochemical structure of pillaronone, a
derivative of the aglycone obtained from pillaromycin A, an X-ray analysis of its mono-
bromoacetate has been carried out. Pillaronone monobromoacetate crystallizes in the
orthorhombic system, space group P2,2,2,-D3, with four molecules of Cy,H,;,0,Br in a unit
cell. Application of a three-dimensional Patterson superposition method facilitated
the elucidation of the structure which is given in formula (I}). The final R-value was 0.133.
The absolute configuration was determined using the anomalous dispersion of the bromine
atom. The molecular structure in the crystal was also discussed.

Pillaromycin A, CygH,404,, is an anti-tumor antibiotic compound produced by Strepto-
myces flavovirens No. 65786. The present X-ray work® has been carried out in order to
establish the chemical and stereochemical structure of pillaronone, CyoH;,0;, which is prepared
by catalytic reduction of pillaromycinone. A preliminary study indicated that the mono-
bromoacetate of pillaronone was the most promising for this purpose.

Experimental

Preparation of the Crystal——To a solution of
100 mg of pillaronone in 2 ml of benzene was added
dropwise 0.2 ml of monobromoacetic acid anhydride.
After being stirred for 6 hr at 70° to complete the
reaction, the mixture was poured into ice water
and extracted with benzene. The benzene solution
was washed with water and dried over anhydrous
sodium sulfate. The solution was concentrated I
under a reduced pressure, petroleum ether was
added and crystals separated were recrystallized several times from a mixture of ethyl acetate, ethyl ether
and petroleum ether to afford yellow prisms, mp 194°. Anal. Calcd. for Cyp,H,,0,Br: C, 57.53; H, 4.17;
Br, 17.40. Found: C, 57.56; H, 4.14; Br, 17.37. IR %% cm—1: 1772 (s), 1630 (vs). UV AR mpu(ex 10-3):
270 (37), 290 (6.8), 300 (6.8), 395 (6.5).

Measurements of X-ray Diffraction Oscillation and Weissenberg photographs were taken about
the two principal crystal axes, using CuKe radiation. The specimens used had the following cross—sections
at right angles to the axis of rotation; 0.2 x 0.3 mm for the ¢ axis rotation, 0.2x0.2 mm for the ¢ axis. Intensities
of reflections were visually estimated from multiple film integrating Weissenberg photographs (8 layers about
the ¢ axis and 12 layers about the @ axis, respectively) and obtained 2000 independent data (excluding
zero intensity reflections). The linear absorption coefficient for CuKa radiation was estimated to be u
=21.84 cm™', Thus the absorption and extinction errors were neglected. The absolute structure factors
were deduced from these intensity data by the ordinary procedure, using a NEAC 2206 electronic computer.

1) Part IV: M. Asai, E. Mizuta, K. Mizuno, A. Miyake and S. Tatsuoka, Chem. Pharm. Bull. (Tokyo), 18,
1720 (1970).

2) Location: a) Juso, Higashiyodogawa—ku, Osaka; b) Uegahara, Nishinomiya.

3) M. Asai, Chem. Pharm. Bull. (Tokyo), 18, 1699 (1970).

4) Preliminary report, H, Matsuda, M. Nishikawa, K. Kamiya, M. Asai, Y. Tomiie, I. Nitta, S. Yamamura,
Y. Hirata; presented at 9th Symposium on the Chemistry of Natural Products, Osaka, Oct., 1965.
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Result and Discussion

Unit Cell and Space Group

It has been found from X-ray examination that the crystal belongs to the orthorhombic
system with the unit cell parameters, a=12.46, b=19.54, c=7.85 A.

The space group was uniquely determined to be P2,2,2,-Di.  Judging from the cell
size and the space group, it is clear that the unit cell contains four molecules as the calculated
density becomes a reasonable value, 1.596 g cm—3 (Dy=1.591 g cm~3).

Determination of the Structure

As the first step of the structure analysis, a three-dimensional Patterson function P(uvw) was
calculated. The coordinates of the bromine atom were determined without ambiguity from
the three Harker sections, one of which at v=1/2 is
shown in Fig. 1. With phase angles calculated
from these coordinates, a three-dimensional Fourier
synthesis was calculated. In co-operation with
this analysis, a minimum function diagram was
obtained with four superposition of bromine vectors.
In spite of quite different principles, the re-
sults obtained by these two methods were fully
consistent with each other and the positions of
all light atoms except hydrogen were determined
undoubtedly.

The refinement of the atomic positions was
carried out using the least squares method, and in
accordance, R-value fell to 0.133. Maps of the final
electron density distribution are shown in Fig. 2a
and 2b. The final x, ¥y and z atomic parameters
, and temperature factors are listed in Table I. The
~ / 7 observed and the calculated structure factors are
ul2 listed in Table IT.

w/2

Fig. 1. Harker Section at v=1/2 Absolute Configuration

Of the 20 pairs of reflections for which the
intensity differences between I(hkl) and I(hkl) were expected to be discernible, 14 pairs showed
significant differences in the 1th layer Weissenberg photographs. The results are shown in
Table III. The comparison between observed and calculated intensities indicated that the
assumed configuration was actually correct. The absolute configuration was then established
as (I). In this paper, all figures are drawn in such a way that they represent the correct
configuration.

Molecular and Crystal Structure

The bond lengths and angles, calculated from the atomic parameters of Table I, are shown
in Fig. 3 and Table IV. The mean values of bond lengths are 1.40 A for aromatic carbon
bond, 1.53 A for C-C single bond, 1.42 A for C-O single bond and 1.24 A for C-O double bond.
These values seem to be quite reasonable.

The rings A and B form a naphthalene skeleton and C(11), C(12), C(13), O(2), O(3) and
O(4) atoms are nearly on this plane. The OH group attached to the ring B seems to form
a strong six-membered ring hydrogen bond with the carbonyl group at C(11), the bond between
O(3) and C(7) being somewhat contracted.

The juncture between the ring C, which is puckered at C(14), and the ring D, which is of
a chair form, is in a trans-fusion. The atoms, O(5), O(6) and C(19) are axially bonded to
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Tasie I. The Final Atomic Coordinates and Temperature Factors

Atom alx bly clz b

Br 0.0266 0.8425 0.1649 4.65
O(1) 0.4733 0.5466 0.1030 4.82
0(2) 0.3614 0.0445 0.2810 3.31
O(3) 0.3253 0.9376 0.4792 3.31
O(4) 0.2314 0.1672 0.1442 4.29
O(5) 0.2292 0.3042 0.1965 3.21
O(6) 0.1911 0.4144 0.1084 3.57
C(1) 0.3982 0.9960 0.1536 3.01
C(2) 0.4367 0.0200 0.0084 4.00
C(3) 0.0372 0.0239 0.3782 4.32
C(4) 0.0541 0.0945 0.3987 3.93
C(5) 0.3808 0.9248 0.1877 2.78
C(6) 0.4038 0.8792 0.0531 3.03
C(7) 0.3439 0.8963 0.3464 3.10
C(8) 0.3837 0.8078 0.0728 3.79
C(9) 0.3234 0.8246 0.3578 2.69
C(10) 0.3463 0.7806 0.2125 3.33
C(11) 0.2179 0.2038 0.0177 3.73
C(12) 0.3176 0.7044 0.2200 3.63
C(13) 0.2447 0.2795 0.0254 2.85
C(14) 0.3275 0.6785 0.4036 3.09
C(15) 0.1352 0.7066 0.4950 3.37
C(16) 0.2950 0.6002 0.4262 3.19
C(17) 0.3636 0.3691 0.0524 3.28
C(18) 0.1780 0.5888 0.4020 3.53
C(19) 0.2720 0.3742 0.1797 3.38
C(20) 0.2969 0.3998 0.3591 4.52
C(21) 0.4323 0.0654 0.3921 3.32
C(22) 0.3769 0.1141 0.5059 4.91

0 b/2

Fig. 2a. The Final Three-dimensional
Electron Density Distribution shown by
Means of Superimposed Contour Section
Projected on (100)

Fig. 2b. Projected on (001)

the ring D and form a ketal, leading to a cage structure of this part of the molecule. Thus
considerable steric strains seem to exist at C(15) and C(18) so that the bond angles C(13)-C(15)—
C(17) and C(16)-C(18)-C(17) are smaller than 100°.
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Observed and Calculated Structure Factors

TasLe II.

FC

FC HK L FO

FC nK L FO

WKL FO FC W K FO

fFC nKy FO FC

K KL FO

K KL FQ FC

[ Fo FC

FQ

,920,6 391 40,034,

1246
H9.7

I33ranaAnANaNe s o ng
586“08830;7.’0.7"“" NSO nw o

o
R L L e N e TN O~ NENOEE YN NCOM N ®

L R I I AR I e S R R -
NUSD?.IJZ’S“S’MJG“L-I-\-&
919'3111‘ TONNT = A= -
i RRLANEE TN e NN e Y-
|)655225”U”575902063388501769\—
NNONNNNNNNNNNNNNNNNN NN NN AN mmsnn s

NI RO Ve ONNINDFW RO rNMOrNNIN O VOO ~ANMIN®OE O v

N o, .o o - - e rr N NN w
L G G S L S O S N U 0N O N0 TS 9 M0 =0 G, 00w ® O® 02 T e 1C © 0 B08 % GG DN M Vo Y
suwww%wmunnnmn5096a0157u6631175009u26215L7LLL%L%L&L%%mmL........................................n..............‘

ek R DRSS v S R b ] = R A A i - Y e L et L L L L P L R T L L e L
MO P COONDVINMNMONIREM T - - - 0 e N - - ~Noo
L A AN N AN AR IGO0 mE Nr o NN TN N NN AN DAV N VO QNN VR~ OMNMPI RN VDO N DN UNCIOINIONNONODOMON L= NMIN~FININO
L L LT T T et R P 3 TR S SE K S BRI SR S SO S S A S IR it A S O B S e S0 B S G g S A S S S A S e S S O B S N O B SN S
P erNNrNN TN MM N pohaty & A vgAl A d o S B SRl A LA NRR SR CRIg oINS 0N -2 N ONNNNN CRN VI -GN ICOEDNTO A NIO T INIICCNTRONE- O T

4

4

«8
1

=3 e NNOMO-NOOON
NN lequge o runon o e n .

DO T 0N - T et e e
52171013‘WW“W”W28236558H9J|ZD.I

2,861,
5,051,8
017
132,
914
F
2
2
2
1
)
2
\

PN~ DO
* e e e e oo ene
~rONOTOND N~
~ ~ T NN e (N~
FFTIIIOONN NN
NIN-OOenn 310
-t

12414

O NMn 2Ot ©

6 442,53
810415,719
611 4 28,4 28

BV T T T R N T :
MANANT I 2 3II233IIIIIITIIIIIIIIIRNANNNNANNDNARDANNNN OV DIVO VY VD VOOV OO OOV rEEE N, E 0D DOV RAXDDCCCCCOOO

CRNNTNORE OO -NNINDELC N0 ~UMNTNOEXCC - ANINIETOO N -NNTNOE D Cr NNV RCO - NNTNIE DO NN INIErNNITINOEDCO ~VNIrRNTNCDCCNO TN O~NN
= B R 1T ] PEDhgii i iiipagpal e - - - r =
OO NTIMN MO IC D VONDOEFETOENNMONO - MCBCONNN e DI - CONNMANRTI OONENNNO I~ COMICONNMOODONTrr O 2 mrCMN INE N NINOIOTORO 2N DM D e DN®D~
e e ¢ e 0 8 o9 a8 o s e o e e e a8 s s e s e e o e s e s a s a s s o8 o8 8 e e s e e 68 8 e s e e B Cee e s e84 e e 8 b 6 e s e s et et es s e e ses oo eeeeseossecsosesseseea0e
CMRE - NN NNRM VIO E N COTNNNNO VPO - 0T e N IC O N O Ve I N RN DD ACNOONC OV e 2INOXLENTRNCN -~ 0OV NI- CNOEM- 00 OB -NNNOVON 2
- Ne o~ - e, . - - e e e - NN LrMIOIe-NIIM RS Fr IO I CNNNTNANCNNN - e TN I TNTOE T rrNeNeeerl - ”
Fr 0O, ONNN I~ TN O N T r QDN eMIVCD T IR rXONEEMOOMNIMNMNOT D Ve O NANNONOICBMVO IIIVINNNIVO- I NI DTN CONTNEDITMNONe OO - IENEORN
e e e 2 6 e 66 e 8 s e 8 e 8 e 6 e s e s e e e s e s 8y e e e e e s e e e S e 86 s e s e 0 0 Gem e s ® 0 s eI G S 5 0 C S e & s S 2 6 60 0 S 6 e S s e e 06 s 040 60 8 S0 oL es se s e
D Ot MNYND I R DDV D DN OMN I PN CCTMVICONDINMRODIIE VNN VIR TOIRCI NN VR rMEN e~ BNNOCINONION N CNTIORIENNIE - NN SONONNOIVINCGVONRAN
e NN N - - - - - e e e CDNMNMN IO FTIIMNer whre rrClORNeMARITANNNN =0 VNI CNNNE N rMNN e - N
C OOttt et R RO RNR NN ORCITCRRLROCCCC P00 O0D0000000D0 0000000 rrerrrrrrerrrrrrrrerr rerrVANNANNNNNOGNNNNNNNNNNNNNN
NMTOC rNNT NO D COrANMINOEOrNMN TN IGO0 NN FerNNINERCOrNNTNOFRCO-~NNFI NV~ NOrNNINOF RO NNINOERENID - NINCEXCONNINIE-DEONNO
hpibgeind - prap il . NN =R oiphpiipufeighupipatdy + 44 pegph e iipagAp S M-
R T L LI L
lﬂ-:.675839782538762J3rdﬂnﬂw1..w..o-..-...-c.

MEOMMN-rNOMN QOO0 ® D XIN0O . e
S e e e e e e e e et e S oA O D D 6O e W O

« o2 e s ee v we oo
= NRN NN O 0D N
NIT e e
FONMNT-OoMm T o O
s s o0 av s e s e s e e n0v e e e e
VXM DD = L ALl L BT ol
- - i3 M r I RA A TR e ®IR 0 ne
NNNNNNNNMN AR NN NARN AN NN NI 3T I IITIITI
CFNNM IO rNNINOE XCO-AMNINCEDVEOrMO e NI OVEX O =NMT NN MOrtNMIN O RCO ~ONMNINVE-D-C-NND
NN ke ikt L L A b R 1Y 2RRR222C38 2I22222228 2z
IO ~OVMVNOMNI M - TO =M VNN IN NN
e o . i A i e e A R S R N IR I I IR I I N S
0.0“780.&.0.0.&53.7.&58LU8508117810715M26 RENTOURMA O ON M MO
121 11 11

2

RN " e

" o

o~ - - °"n

P OMONMe OO T Do ~ O
RN R XTI

EMINCTMO V0NN SN VO

o~ o - - NENMINDNNNNN

e s s e e e es e te sta sese e o0
2INAMBMNOENNO O VDI FORI N IO NI O
NerNewe AN-NANAN NN reree -0

02

4,231,
3
o

o
©
~

8,
Te

o
=
0
w

6,
3
5
8
G,
EN
22
13,

o
o~
=+
0
.
-
=
o~

101 39,134,
111 23,619
12111,11
131 26

FCE VIO DONMNOMOEDONNMNOD = NN ™M= O D
. e o a e e 8 s 8 45 a8 84 00 e e e s e e s
CRENOCNCrMOOINDTAE O IE T ~ OO ®©O VNI F
L) TN -N - NN NNP N~ -
N P2 NONMNeONTMON O e BV =M N0 0N~

IR IR IER]

6
. ‘
D57n~18"2|2802227278305
e a oo ee se e e s se ase seoe s
CRTRNEINIMEONMAA-NTIIC-ONCONN
Vere BANNN N N FBeNBENA.

-0 e - -e- =
N OO ONIN - BN M e =T = DN OMNA e OO0 R~ = O
PR S A S N R I S R R I I I I SN I S I S B
CODNCEMERIND AN GO0 MO TINNM DD
~ - - - -

- rpiiats -

e e o 6 s o e e s s a s se se s e e ea

N - - NN T NN M= L -t NN NeN -
¢ WP Qe NM =MD 0 -
o 2 EFNMN TNV X eNMNINOVOD=Derr NN TNO- SO CFNMINOECrNMNINON DO NNT N Cem NN E Al
TnerrAIN° pepatbhpie felupad P : =paibhail =~
o~
9282777“700“060395873673
A e A L L o)
17“5“’5175-’896675‘65
- nan o e non
.

9
nw
Y- Y-Y-Y-T-F-F-N-T-N-1-N-T-R-F-1- - T X
NMITROERCQeNNINOEBO FTO~NNT N0 ®
e e e - NN

- CE e NNCO-NMAT N0
FU LA A L L B e e e S A ST AR S 0
o
-

H
DO D INGCWe =N D
LSl Sl M e Nv §- 3 R e 4 Pt 08 3 e

A R L -
o s e @ e e s e s o
ONNNFTIOE R

TR FIRNMAO Nefle NN

5 47,0 20131,815

PN OINT B M- ONN DM DO DN D RO - -t @
RO S IR I I SCACHRIR

CrT R — - DLFTOO T O
Pl i S et IR A

© OO G M-V onNN
e * 6 s 00 e e se 0e 000
Nr@NINMTIEONM QDO NO 2
-0

-
-G e G U O 0 DN NI
S FTDONIOOCIND MNenleNONN-r

¢ e o s a0 o 8 e s e v e o e
MOMVOCNI ITNANND ©O2
- MIND » MO

-
BRXC CCCCOOOOCODOE0 OO OD 00O

NN NE TP -NMNO e NI INOXC Oe VN TO
- - e -

~
~0
"o o
a®@ O

12 35,0 29.6
12 2 32,9 2841
40,0 132 32,0 35,7

NIOONNITNOFERVOONNTINOFCT OO enITOrNMNT N0 0O
N e rrrrrrerANNN -
o

142 37,2 34,1

NODOTNNN~CARCINENEONOENESNO
e e e e e e o s o3 20 o0 60 0 aa e o
MeNNOTIOCMMNOVONCIICC OO
- e rr? KM, NE Do TN -
SR CNCCMINE TN DN OF Cr M —~ TN e
-..o-n.oou.u.n.S-k-ﬂo.Z-u.l-zh&.“o?. o
QoM VA VM IND -0 e

7966WW398M2H7172|231H3 - "
ANNNEAAMARNANNNANAANMNMAN ANNN I IITIIIIIIT ST

-

-

- MO X CNNCDMNM TN ICD D V2 0 DM NMeCNITIOOMNIOECONNIICINNINLOrIE0re-m
.

e e e s e v es e s e o0 s ®r eesessestseec oo
NOC XTI Ort 0DV P NMNOCNANO Ve NO -t OO
e -0 - ~Nm o~ - N - - - o~ -
MO M ONDeIOEMEFINNDC e BT DN e - -F NN
e e e e et e s s a s s e e e e M

-nno NFNO MM ® -GN CMMNNAN NS N el CCONECINOINNININCNNCTNIC I D@ N
D oer o RIRASERERS T - NN =N o Meleee® - R © -0 -
422DV DRNNANNNNN R NDNNN N VOISOV VO PV VL VOV VOV IV EEEECEEERECR OO0 G0 O
O rNMINOOOrNNTUIER GO NNTINOE NI NDE® -
e, ® e -

e e s e s e s e s e s se aee e eo s e e s e e e
COVIPerINLvrerNeD2C NMON-DO -~ ON O™~
- - - VN FTae D - ~ o

.
.

El
.
E

$728.7 2

"

-
o
n

6.8 37,0
2,733.2 20¢
2 9.

3
4
3
3
3
ki
]
3
3
3
3
134 5,810,6

WU

MO COeNOw(NMTO-EG O NN TN O CrOetNNIT VY~
g iy Xp ¥R e -

CrNMICrNMNINIE X UNINOF RO ~MOerNNITNOEX 0O
NNNNN B R i el e Y ] -
Wm N O D T DN A D -
e s e s e s e o0 se 2o e
MOV e IMNINENE~ -~ Q000
- - MO e® 3D

49

13.8 15.8
3.8

3.4 2,3

02 37,3 43.5
1.2 62,5 64,1
22 73.0 77.%
32 14,8 7.6

- 0N ~O ~T T - NN
L A e e B S L BBk

CTREOIXOIN N +r G VI IO
- - - - -

~ e e -

9.0

2.6
17.3

CeIMe I ONMOOr 533 0O R N 0
. o

0 u9.6
39.2

0 58,6 65.0
0 54,2 4h.t

0 50.0 43.8
W2 h9,

1
NP VO VO TON T DN

4,2 3.8

5,8 6.1

22.1 2241

15,8 12,1
Se3
Be3

57.0 54,8

120,6122.8

53,3 44,5
.

6
5
5
9
5
9
3
5
[}
0
8
8
7
3
7
3
8
1
14,1 15,2

19,5 1
u8,

6,
0.
4,
L0
7.
4,
1,
3e
2,
2.
°l
T
64
9.
3.
7.
7

0

6

1

3

0

6

5

6

3

3

6

6

5

6

2

s

6

4

8

3

4

3

6

7
43
1.9
19,9 15,9
15,1
15,3 12,
42,0 H204

Orrrrerrrerere e e e -

o NNV 0O - N
Chsh Lt A Al b= fate i A oA B R M IS

0

PN Y T L L L L Tl S
NMFINOED GO »N eI INOE — AT

- -1

70 uUgeé 38.1
8 0129,9131.3
90 77.7 68.1
100 49,6 37.0
"

12 U 49,4 ug,8
SH 0 35,3 36.5
9.8
170 27.5 22,8
180 29,8 30,1
10 2 18,4 16,7
11 2 43,9 40,5
12 2 29.9 22.2
13 2 46,0 41,0
142 31.8 27.7
15 2 41,6 37,9
17 2 23,9 25,6
182 19,3 17,1

50 48,
130

60
150
16 0
190
192

OWOODDDOODOD DO ¢~

6.0 24

9841 69.2

7562\011u5597u30229.9067.|.u\'1n0..ﬁ:w9"\n7u5.1.1
A A e R S i S S S S M N . R S
CUNONDFTINOININ OO M
naE e e N S Y I AR T ANNAA S mr s Te e NN 3 0
- .
- W noNROMO~ONCO
PN A ML
GO DO -
QVRPRRRS hoe
-

8
7
5
5
o
6
Tl
8
5
3
8
3
o

-
BNI LN CONOTINCOMN VD
* e e e 0 e s e s se e e o
FORITBMNONN OO =ONDOWN
- - P R M R R

22T AR NONARANNNNAN

R CrNr NN RN RP O,
PR T ) e

0.8 65,
8
3743 36,4
3 14,0 13.4
4,6
4,3 6,4
63,3 55,5
21.4 2306

nnNnnnnee

3 48,0 yb6.3
13 3 21,7 1646
4 47,6 32,4
2 4 23,9 21.8

3

-
NN AN N

3 4 11,1 18,4
4 4 6B, 67,7
6 4 36,3 32,0
7 4 35,0 37,0
8 4 12,4 5,5
9 U4 45,8 uB,8
10 4 21,0 1646

Crrrmmrmme e~ e NNNNNNRNN
00O 00000000

~ e MO = NTOENN TN O ©
CRONT ~ NI OO X FO

2“
LEA G- Shpigag 20

15 3 49.9 51.3 21 0
17 3 22,5 23,6 220
21 3 18.5 20.5 230

14 3 22,2 14.5 200
22

92 81,5 38,
1€ 2 43,5 40,3
112 32,7 26.2
12 2 24,8 2649
132 53,4-57.%
15 2 33,0 27,4
16 2 21,6 19,6
19 2 22,9 23
20 2 10,3

11 4 22,1 17,1
12 4 63,1 64.5
13 4 67

-0 u
1
16 4

TN IRO R O =M
~ - -

zr 2

NII-Electronic Library Service




Vol. 18 (1970)

1728

(continued)
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In Fig. 4 is shown a view of the structure along the ¢ axis, together with the packing of
the molecules in a unit cell. ~ Since the molecule has no polar groups available for intermolecular
hydrogen bonds, the association of the molecules seems to be mainly due to the van der Waals

interactions.
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