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~x-raycry~hicanalysishases~tbe~~andmolecular~ofthetitk~, 
c&& Tbc moIKY&lic crystals belong to the a?ntrosyalmet& space glunp PZJC, with a = l&701(5), b = 
8.037(2),c=u.600(9)A,~=93.10(2)0aadZ=4.Thestnrtmawrssdvedbydirectmtbodsfromditiractomcter 
data messnrcd with CuKa raMion. and re&d to a fiusl R i&x of 0.081 for the 2088 observed tams. The 
dimcricmokculebssapproximatetw~ddsymmetryaaditspnsenceintbePnitceUinbothchiralitiesformsa 
racemic strnctllrc. The tllru? central bonds, C(lO~(l1). C(ll)-qll), CTllJ-qlO), UC signi6c.Mtly elorlgated with 
a mean value 1.59 A. 

Bi(O-trimethyl-cis-braxilane). &H&I,, shown as 1, is a 
derivative of the natural product d-braxihn. C&LO,. 
The latter was tirst isolated in crystalline form by Che- 
vreul in l&08’ from Brazil-wood, a tree occtmin~ in 
various species of Cow&iniu. Together with the related 
substance d-baematoxylin, G&O, isolated by Che- 
vreulz from Lo~wood, which occurs in Haunotoxglon 
campechianum (family Coeso&iaceue), braxihn has 
been the subject of extensive chemical study over the 
past hundred years? The structures of braxilin and 
haematoxylin as polyhydroxybenzindenopyrans, shown 
as 3 and 4 respectively, have been known as a result of 
almost 50 years work by Perkin and Bobinson.3c More 
recently, however, NMR spectral studies have 
established the &fusions of rings B and C. 

A recent synthesis of DL-bra&n by way of O- 
trimethyldeoxybraxilone (5). also known as anhydro-O- 
trimethylbraxilin, by Robinson er oL6 involved the 
synthesis of O-trimethylbraxilane as an intermediate. 
As the latter is optically inactive and dimeric,’ bi - 0 - 
trimethyl - cis - braxilane (1) could either form a racemic 
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mixture or a meso compound in which the O-trimethyl- 
braxihmyl monomers comprising the molecule are of 
opposite chirahty. The reduction product of braxilein (6) 
reported by Herxig and PollaL’ early this century, now is 
established to be the dimeric hexacetyl derivative (2) 
which results from reductive coupliqt of two molecules 
of braxileill.’ 

The X-ray analysis of crystals of 1 was m&taken to 
define the structural and conformational detail in the 
dimeric molecule. The essential features of the structure 
have been presented earlier? 

Wreseat address: St. Vincent’s Schd of Medical Research. Bi(O-him&yl-&_brPzilaac) folmcd colourless, monoclinic 
Victoria Parade, Fitzroy, Victoria, Australia, 3065. lath-shepcd crystals from a0 ethsnol/methanol mixtun. Weis- 
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=nbers photosraphs showed that they helonged to the space 
orwp P2,/c, and accurate uait cell parpmetcrsWlXC&tIXhCd 
by a least-squares W of 28 values, measumd for Ofteen strong 
regectkns on a fourcirck difYractoroeter with CuK. radktkn. 
The crystal density was determined by flotatkn in a xykne/car- 
bon tetrachkride mixture. 

CrysruJ &ra si(o-trimethyl-c&&axikoe), Cs&os. F.W. = 
622.6lt..mowclink space group P2,/c, 0 = i6.701(6). b = 8.037(2). 
c=23.6OO@A. /3=93.100, fJ=3163.1A3, F(OOO)=l32O, D-1 
1.31(2), 
1.5418 A. 

D, = 1.31 g cm-‘, ‘2 = 4; r(Cr&) = 6.36 cm-‘, A = 

Thmedimensional intensity data were measured with Ni- 
filtered Cl& radiation on a Hilger and watts four&rclc dzrac- 
tometer. The intensitks were recorded by the m - 28 scan tech- 
nique to a 28 maximum of MY. and 2333 nonuptivalent terms 
for which b>4uIs were used in the in&l analysis. No ab 
sorption conectkna were applied. 

For r&ement purpoM the initial data set did not prove 
wholly satisfactory. &ordkgly, a further set of intensity data 
wasmeasuredwithC~radktion(graphitecrystalmonoch- 
romator) on a Rig&u-AX four-circk dillnctometa A crystal 
with approximate dimenskns 0.05 x 0.123 x 0.10 mm was aligoed 
with the b. axis, the longest crystal axis, approximatdy paralkl to 
the d axis of the difhactometer. The intensities were reco&d by 
thsa,-28scantcchniquewithascanrateofTmin-’~lOscc 
stationary ba&PXmd counts. Three reference refkctions were 
monitored every 40 retkctions and showed no sigai&ant varia- 
tion ia intensity over the data colkction period. Of the 4366 
n0nupdvalent terms measured to a 28 maximum of 126’,#)88 
terms for which IFd > 3ulFd were used for the r&ement. No 
corrections for absorption or extinction were applied to the 
measmed intensitks. scat&kg factors used in the analysis were 
those given by Cramer and Mann’s for C and 0 and by Stewart 
et 1” for H 

The structure was solved by direct methods. Phases for 295 14 
terma with values greater than 1.80 were derived by application 
of the tangent fomda.‘* The final phased set of &&ions had 
an R (ICade)” of 0.21 and scak factor @@/@$I)= 1.00. ‘fhe 
subsequent E-map ckarly revealed the sites of all the C aml0 
atoms in asymmetric unit comprisii the mukcular shekton. 
kotropk re6nement yielded a reliability index, R= 
K@d - IF$RlFd, of 0.17, and when anisotropk temperature fat- 
toll were &en to all the non-hydrogen atoms and their 
stirred in blocks of 9 x 9, R was reduced to 0.10 for 

For the Sinai refinement cycks, the second data set of 2O88 
terms was used. Anisotropk r&kmcnt in which the atomic 
paramekrs were refined in two blocks, each block including 

parameters for one monomeric mokcukr unit, converged at 
R = R_ = 0.081 where R., = (LlFd - IFJ%lFsf)‘n. The function . . . 
mmmzed was m(JFd - IF# with u = n/(dFd+ q x IO-‘IF& 
for whkh the appropriate values of n and q were found to be 
0.87 and 0.37 respectively. The H atom coordinates were in- 
cluded at ideal&d positkps but were not refined. lbe methyl H 
atoms were given an isotropic temperature factor, U = 0.12 A*, 
andrdltheotlkrswl?reassignedthevalue0.O7A? 

Theprogramusodfortbedirectmethodssolutionisdescr&wd 
in detail by Kennard u I&‘~ and is similar to the procedure of 
Ckrmain and Woolfs~n.~ The tlnal least-squares retinements 
were made with SHELX76 program.” Final atomic coordinates 
for the non-hydrogen atoms together with tlkir estimated stan- 
dard deviations are given in Table 1. and the calculated H atom 
coordhwtes are given in Table 2 Bond kngths and angles appear 
in Fff 2 whik the shortest intermolccukr distances are listed in 
T&k 3(a)-see also Fii 4 which iOustrates the mokcular pack- 
fng viewed down the b axis. Tabks of calculated and observed 
shucture amplitudes and anisotropic thermal paremeters for the 
aoa-hydrqen atoms arc availahte on request from the authors. 

nW3IPrIoNop- 
A stereoscopic view of the molecular skeleton is given 

in Fii. 1 while a conventional representation is shown as 
1. ‘IIN molecule consists of two braxilanyl groups, which 
are of the same chirahty, linked by the bond C(1 l)-C’(ll) 
into a dimer. Apart from small ditferences in the relative 
orientation of the methyl groups in each monomeric unit, 
the molecule has a non-crystallographic two-fold rotation 
axis perpendicular to the C(ll~(11) bond. Viewed 
down the latter the contlguration is staggered-see Fii. 3. 
The molecular skeleton of each braxilanyl group consists 
of four ring systems fused together to form a rigid 
framework, the only mobile atoms being those of the 
thtee methyl groups. All the methoxy carbon atoms are 
pmdo coplanar with the bamene ring lanes (man 

deviation 0.26 A, maximum deviation 0.46 x 1. and those 
of the orrho-substituted methoxy groups lie on opposite 
sides of their respective benzene ring planes as noted in 
other odimethoxy phenyl moities.‘~” 

The dimensions derived for both braxilanyl ring SYS- 

terns arc in roasottable agreement, so that the numerical 
values given below refer to mean values for the two 
systems. The benzene ring and associated atoms lie close 
to two planes with the benzene rings mutually inclined at 

Table 1. Fii atomic coordkates of the non-hydrogen atoms with their estimated standard deviations in 
parentheses. All values have been multiplkd by lo’ 

C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
-C(6) 
C(7) 
C(6) 
C(9) 
C(lO1 
C(U) 
CU2) 
cu31 
cu41 
C(15) 
CU6) 
CU7) 
CUB) 
CU91 
O(l) 
O(2) 
00) 
O(4) 

a 

4376(7) 
3643(7) 
2961(6) 
3014(5) 
3775(5) 
4442EQ 
5306(6) 
5%5(7) 
2105(6) 
1622(5) 
2163(5) 
2120(5) 
14%(6) 
1375(6) 
1347(6) 
l632t6) 
25Wt6) 
2637(5) 
1012(71 
5091(5) 
5201(4) 
%1(4) 
1731(4) 

Y 

166606) 
2043U3) 
166OU2) 
137OUO) 
%5(11) 
1096U4) 
270(15) 
2106(23) 
2126(13) 
2%2(U) 
125lUO) 
2198(11) 
3303uu 
37%(12) 
39661121 
3529U3) 
2553(13) 
1%3U2) 
4%3(14) 
1745ul) 
705UO) 
37%(6) 
4062(g) 

* 

1966(S) 
2165(43 
1816(4) 
1269(4) 
1072(4) 
1425(4) 
71.qr41 
2%3(5) 
1967(4) 
1392(3) 
946(3) 
366(4) 
254(I) 
12l684) 
-266(4) 
-712(4) 
-5%(4) 
-55(3) 

-14060) 
2303(3) 
1263(3) 
656(3) 

-1263(3) 

C'(l) 
C'(2) 
C'(3) 
C'(4) 
C'(5) 
C'(6) 
C'(7) 
C'(6) 
C'(9) 
C'UO) 
C'(l1) 
C'U2) 
C'(13) 
C'UI) 
C'U5) 
C'U6) 
C'U7) 
C'U8) 
C'(19) 
O'(1) 
O'(2) 
O'(3) 
O'(4) 

t 

3162(S) 
2426(4) 
2042(I) 
2382(Q) 
3106(5) 
3480(5) 
4457(7) 
3369(6) 
1220(4) 
1049(4) 
ree3(4) 
1602(41 
1074(5) 
493(5) 
%0(6) 
1%3(6) 
2411(5) 
2469(5) 
930(B) 
3613(3) 
4X%(3) 
37113) 

1646(4) 

Y 

-3106UO) 
-2346(g) 
-1646(10) 
-1639UO) 
-2466tlO) 
-323OUl) 
-4654(16) 
-3544(14) 
-63.2(11) 
-565110) 
-636(g) 
-1539(9) 
-2036UO) 
-19X(11) 
-2773(U) 
-3129(U) 
-26%(12) 
-1915UO) 
-4675(16) 
-3824(6) 
-4065(9) 
-1622(7) 
-3695(9) 

. 

-4440) 
-5590) 
-112(3) 
436(3) 

546(3) 
l%(3) 
6%(4) 

-1431(4) 
-141(3) 
407(3) 
646(3) 
1412(3) 
1604(4) 
674(I) 
2137(4) 
2471(4) 
22%(I) 
17600) 
3145(5) 
-652(2) 
173(2) 
1271(3) 
2%6(3) 
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Table 2. Cakahtcd hydrogen atom coordiitcs multipkd by 10’. The atoms have been given the same mu&ring 
astbecarbontowhichtbeyarcbonded 

nw 359 a41 261 8’ ta 216 -230 -99 
80) 363 62 64 U'(S) 337 -251 97 
B(7A) 593 -9 74 ll'(7A) 503 -529 % 
em 521 13h 43 U'u9) 402 -549 67 
Il(7C) 495 -76 56 lY'(7C) 452 -3s6 96 
II(M) 566 117. 309 II'NA) 363 -397 -170 
EmA) 471 116 309 n'm) 333 -220 -145 
lime) 470 331 291 Il'mcl 160 -409 -157 
R(9A) 192 114 204 II'WAI 123 33 -37 
am) 203 331 219 n'm) 78 -165 -35 
nuo) 106 134 142 HIlO) 77 63 55 
n(m) 190 459 122 8' (14~) 76 -312 s6 
1(14B) 96 427 152 n*ura) -6 -161 44 
ntl5) 65 460 -38 wu5) 40 -301 226 
nu7) 292 233 -92 w(17) 2% -297 256 
HUd) 316 111 3 n'(l6) 3o6 -157 165 
If(l9A) 73 570 -108 n'U9A) 66 -549 262 
awn) 115 563 -175 n* (198) 100 -535 3% 
nti9c) 61 4% -157 n’ tx) 53 -363 320 

Fii. I. A stereo view of the mokcuk. 
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Fig. 2. (a) Bond lengths. The estimated standard deviations are 0.01 A. (b) Bond mgles. The athated m&d 
deviations are O.W. 

Table 3. (a) Intermolecular contact distances less than 3.50 A. The estimated standard deviations range from 0.01 to 
0.02 A. e) detected intramok~u~ar contacts trctween atoms of Merent btazilanvt proms 

(al C(7).....0'(11 T 3.39 A 

O(Z).....C'd 3.31 

0(2l.....O'd 3.39 

~(16)....C'(2) 1c 3.47 

0(4).....C'(Z) u 3.46 

o(e).....c'(e) a 3.38 

CU9)....0'(3) % 3.47 

C'~8l....C'U7) B 3.47 

O'(7) . . ..C'(7) Jz 3.45 

Cb) H(lO).....H'~lO) 

H(lO) . . . ..C'U2) 

HUO) . . . ..C'(13) 

O(3) . . . ..Ii'(lO) 

C(13) . . . ..H'(lO) 

2.17 A 

2.61 

2.75 

2.58 

2.58 

C(l2).....C'(I) 3.12 A 

C(15) . . . ..ll'(9A) 2.94 

Iif51 . . . ..8'(5~ 2.73 

B(5) ,....C'(I) 2.76 

C(5) . . . ..xi'(5) 2.90 
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4.3. A Newman projection along the C(lI)-C’(ll) bond. 

45.7" to render the braxilanyl moiety an approximate 
butterfly shape. The benzene ring atoms are planar 
within *o.o~A. The conformation of the di~~ydroin- 
deneobenzopyran ring system with the cis B/C ring 
junction is staggered, and the torsion angle, CWC(14), 
C(lO)]C(ll) is 56.5”. Ring B is envelope with four atoms 
planar within *O.O4A and C(10) lying 0.31 A above the 
plane, whereas ring C assumes a severely distorted boat 
conformation with atoms C(ll), C(12), C(13) and O(3) 
planar within 2 0.05 A and C( 10) and C( 14) lying 0.17 and 
0.79 A respectively below the plane. The conformation of 
the benxopyran system is different from its conformation 
in the X-ray structure of the pterocarpan derivative 

a-0 

phaseollin,‘x In the latter, ring C adopts a skewed con- 
formation, that is the two out-of-plane atoms lie above 
and below the plane of the other four. Consequently, the 
phaseollin molecule is an approximate propeller shape. 

The aromatic C-C bonds have the usual mean value 
1.39 A (mean deviation 0.02 A). The C(aromtic~ and 
C(spW mean bond lengths of 1.37 and 1.42 A respcc- 
tively, agree satisfactorily with the corresponding mean 
values found in the two alkaloid structures, 1.371 and 
MXA in cryptopine” and 1.362 and 1.411A in 
sceletium.‘6 The three central bonds, C(lO)-C(ll), C(ll)- 
C’(ll) and C’(l l)-C’(lO), however, have lengths 
sjgtti8cantly longer than the usuat length of 1.537(5) A” 
for saturated CC bonds; their values range from 1.58 to 
1.61 A, with the bond linking the two braxilanyl 
monomers, C(ll)-C’(ll), the longest. This elongation 
could be a consequence of steric interaction involving 
the two hydrogen atoms bonded to C(10) and C’(10) 
respectively. Some intramolecular distances involving 
atoms in the different bra&my1 groups have been in- 
cluded in Table 3(b). 

About the exocyclic attachments of the methoxy 
groups, the angle enclosed by the methyl group is larger 
than the other, these values bcii 124.qO.5) and 
llS.S(O.SY respectively. Similar results have been noted 
in numerous comparable structures, for example in the 
alkaloid structures of cryptostyline 1” and sceletium.16 
There also is sign&ant distortion from trigonal 
geometry about C(3) and C(4). The exocyclic angles, 
C(2)-C(3)-C(9) and C@-C(4)-C(l l), have the respective 
values 126.qO.2) and 128.7(0.1)“, white the endocyclic 
angles C(3)-C(4)-C(ll) and C(4)-C(3)-C(9) have values 
111.8(0.4) and 112.4(0.1)“. The angles C(4)-C(ll)C(lO) 

r” a-1 

Fw 4. Projection of the s~~cture down the b axis. 
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arc significantly distoltcd from the standard tcmbuhl 
v&e, and have a mean of loO.a(O.Sp. 

Theltwlccularpackingintheclystalisillustratedin 
Fig.4.Tbcm&cuk-sarckldtogetberbyvanderWaala 
intaactionSaadafcprC8cntintheCrystalinbOthDendL 
cxxl@doons to foml a raccmic mixture. The inter- 
molccularappcoachdis~arc-Tablc3(a) 
and Fig. 4. 
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