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Zusammenfessung. Die Slrukturen von zwei siutckatalysierien Umlagernngsprodukien von
Taxochinon (1) wurden kristallographisch bestimmit: Die cine Verbindung stelltc sich als ein
20 (10— 9) abeo-Abictan (2) heraus, die andere als ¢in achiralcs Phenalenon (3). Die Abictan-
verbindung, CaoHeOg, kristallisiert in der Raumgruppe 1°2;2,2; mit 4 Molekeln in der Zelle und
wurde mit 879 signifikanten Reflexionen bis R — 0,032 verfeinert. Die Phenalenonverbindung,
CgoHaaOg, kristallisiert in der Raumgruppe 12)/c mit 12 Molckeln in der Zelle und wurde mit 1823
signifikantcn Reflektionen bis R = 0,058 verfcinert.

Summary. The structures of two acid catalysed rearrangement products of {axochinone (1)
have been determined by X-ray analysis. One of the products turned out to be a 20 (10— 9)
abeo-abictane (2), the other an optically inactive phenalenone (3). Crystals of the former compound,
CaoHa60z, belong to space group P2;2)2; with four molecules per cell and the structure was
refined with 879 significant reflexions to R = 0.032. Crystals of the latter compound, CgpllaQOy,
belong to space group IPP2i/c with 12 molecules per cell and the structure was refined with 1823
significant reflexions to K = 0,058.

As described in the preceding paper “1] the treatinent of taxochinon (1) with
sulfuric acid at 0° leads to three rcarrangement products of which 2 and 3 (4 and 5
in {1]) were submitted to X-ray analysis to cstablish their respective structures. The
rearrangement of 1 to 2 was expected from spectral investigations; the formation of
the optically inactive compound 3, however, exhibits an unprecedented ring fusion [1].
The absolute configuration of 2 could not be established by X-ray measurements
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because of the absence of anomalously scattering atoms [2] but it can be inferred
from the known absolute configuration of 1 |3]) and the stereochemistry of the
1,2-shift of the methyl group.

H.80,

o°Cc

1. Crystal Structure of 2. — Crystal Data. (9R, 10R)—20 (10 -» 9) abeo-12-
hydroxy-5,7,12-abietatriene-11,14-dione, CygHz603, M - 314,425, crystallised from
methanol, forms yellow needles with rectangular cross sections. The space group is
P22,2;, a = 7.620(3), b=-19.80(1), ¢:-11.089(5) A, V=1762 A3, Z=4 (d. -
1.19 g/cm3), Intensities were measured on a CAD-4 diffractometer with MoKa radia-
tion (Graphite monochromator; w: 26 scan, scan width dw = 0.8 4 0.6 tg6, 6000
counts per reflexion with 120 sec max time); 1799 reflexions were in the range
1.5 < 0 < 25° of which 879 reflexions showed a significant intensity with I >
3YP + B. Data reduction yielded the following statistics: B = 3.6 A2, <|K|> =
0.804, <[E2 - 1{> = 0.867, <|E2|> = 0.988. No absorption correction was ap-
plicd.

The structure was solved by the multi-solution method [4] and refined to R = (1.032
by least-squares procedures (LS) for 313 parametersl). H-positions were located from
a difference map and refined isotropically. A final difference map showed a residual
electron density of less than 0.1 e/A3. Final positional parameters are given in ‘I'able 1.
A list of observed and calculated structure factors and vibrational parameters can be
obtained from the authors.

Results. — The numbering scheme and structural parameters are shown in Fig. 1,

a stereoscopic view of the molecule in Fig. 2. The mean of the 10 sp®—sp® bond
distances is 1.538 A with variance $2 = 256.10-6 A2 The 1.S-computed c.s.d. of a
C-C bond is about 0,009 A and may be slightly underestimatcd (see legend to Fig. 1).
The O(11A) hydroxyl group is approximately in the ring planc, but although the
distance O (11A)...O(12A) of 2.62 A is short enough for an intramolecular hydrogen
1} In addition to the positional parameters of all atoms, anisotropic By for C and O atoms,

isotropic B-values for H-atoms, a scale factor and an isotropic cxtinction parameter G [4]
were introduced. The final value of G = 10.0(3) for an assumed T = 0.02 cm.



2011

Hetverica Caimica AcTa — Vol. 58, Fasc. 7 (1975) - Nr. 219

(£)zot (z)see [t PETAS
{r) et {zhzve [9) %52
ig)gs - (zyos6z (G) g8t
{¢les - {zZ)soe {s1g91
(£} TLE (2¥eve (9) 89
{ehiee (zhezt (S)9pY
{g}sze (Z)got {q)eve
{£) 2S¢ [z} oL {3)S0E
(¥) L0S (zZ)LeE (9)Loz
(E) g9t (2)¥oZ (S)6SY
(clees {Z)¥vs1 {§11TE
(E)TLE {Z)9LT [SITIT
{€) viT (z)zot (S)ZeT
igyey {z)ssy {srezzt
(glesg (Z)Los {S)p1E
[E)STT {2)6Ls (srzotl
(£) ST (2)Lez9 (s) €oe
(ey1e - (Z}oss (3] X4 9
(E}YEST = (2)e1s (5199
(erget - {2) 565 {(8}pT
{risge - (zZ)ssv (9)vee
(€£) 99T - {zysLs {S}TOE
(£)6E = (z)9zs (S)pIS
(E}YELT =~ (Z)iev () TYS
z i X

(P1IH
{2EDIH
(geT)H
(¥eT)H
(VTT)H
(soT}H
(I0T)H
{0 H
{Q0T}H
(O0THH
(80T)H
(Y0T) H

£33
(DH

{dr)s

(v} H

{anH

(OnNH

(2v}H
{veld
{8€)H

(¥e)H

(g9z)H

{NZ)H

te) 921 - {zre6¢ tc)9Le
[eJoy - {zyezce {5) ¥S5
{€) 6z - (2)¥2s2 (s)T2L2
{€189%1 (1} TOSE [$3K:12:15
{Z)68LZ 98314 14 {E)9ELS
(¥} 866Z - (Z)181T (L) S8TE
() S69¢% (z)s961 (L) T1ZEE
(vivese (z)orsT (9)€L¥2
(z) €992 (1) sise (e)Loy -
15)96¢% (2)E6LS (L)1 2961
(S1€16 - (2)s8%s (L1 vof -
() sty {zytozy () 0s0€
{1158 {Z}zZSve (s} e¥8e
(€) %951 (z)9vze (s) g6tk
(€32 2:1%4 {z)zesz (s)yzey
(E}8ELT (z)ogve (515592
(£}6EEZ (zhotee {S)0¥0T
(E)8¥ST (T)18¢€E (rieerl
(B ¥BET (Z)99LE {s)Ler -
(¥16€9 (T ovey {51621 -
(ereit (T)ELSY (5] ¢9¢€T
(vizoy - {zZ) vazs (9 09VT
tv)eset1- {z)eazs (L) zese
(s} 8101- {E)E96Y YAR:14
{yiozg - [§428%4 (9} 1ZeY
z X X

(€10 H
{(¥I)H
(VET}D
(V210
{(¥Yin o
(20T}D
(E0T) 2
vor) 2
(¥6) 0
(g¥) D
(¥¥) D
{¥1)2
(£ 2
{zT) D>
(I 2
[£02 9]
{3
{g)o
(L)o
(8}D
{§)D
(v}2
(e)o
(z)o

{Tid

S)9OBI] Ul SUOTIELAJpP prepue)s popndwrod g qiis (I 10] g01 X ‘O PUE D 0] 101 X ) T fo sapurpioos "Tajqe]



2012 HELvETICA CHIMICA AcTA — Vol. 58, Fasc, 7 (1975) — Nr, 219

H
" "

&3
Otia 108
1 |-179°
1.342 1.525
"
O12a ' nee 19 g2 . 10A "
) nre i, 13 1242 6P o l5 w03 _H
1:4-12|zo- A2 ‘6‘? ookt [0 0S8 » N10c—
‘0,
-24°| 34° 3’| 0.6° l1.02 H
H H 1.505 +.482
"A As H H

Hedop ‘!" ,toq o o,mz:;]as u.n-.. . " ':u-'g. 1200
\ \.51'5 . ’-s,a \_tﬁ‘ ] 575 wﬂ% \
H——2 © . 14 o hselse 1287 © N09a
1

o Swe ” hseo~ 1207

59° -45°]19° & 1'3A’ -s5°{|179"°
1508 1.528 o 73 1.337
H > 1} H

1.04

H— 3 1149 lll'5 119% H 123° »
/ Je BT Ny 2 A 7&
H-® e e \9"6 N "-3'", 123° \_.‘19 H

B, 6

10 4”108 ,‘\'—"

‘°..\\..’d
@b \\.%, 9B
£ \
H—22_4n ="y H
pATEY
H H

Tig. 1. Bond lengths, bond angles and some torsion angles of 2. $Standard deviations for paramcters
involving C and O atoms are s 0.012 A for bond lengths, a3 1.0° for bond angles, and a» 1.5° for
torsion angles, o(C--H) & 0.1 A

Fig. 2. Steveoscopic projection of 2 (oxygen atoms shaded). Anjsotropic vibration ellipsoids at the
509 probability level, hydrogens with uniform, isotropic B of 1.0 Az,
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bond, the C(11)—0(11A) —H angle, 139(5)°, and the H...0(12A) distance 2.6(1) A,
exclude this possibility. Instead, there is a linear intermolecular hydrogen bond from
the hydoxyl O(11A) to the keto oxygen O(9A) of a molecule one a-translation re-
moved, with O(9A)...0(11A) - 296(1) A, I1.,.O(9A) :- 2.1(1) A and < (0... H- O)
— 178(5)°. "T'he isopropyl group is symmetrical with respect to the ring plane, with
H (10A) syn-planar to the C(9) carbonyl group. The packing of the molecules is shown
in Fig. 3. Apart from the liydrogen bond mentioned above there are no close inter-
molecular contacts.

Fig. 3. Packing diagram of 2. Shaded circles denote oxygen atoms, hydrogen atoms are omitted
from the drawing

II. Crystal Structure of 3. - Crystal Data. 2-lsopropyl-4,4,7-trimcthyl-1H-
phenaleno-[1,9-bc]-furane-1-one, CooHz002, M —= 202,378, crystallised from ctha-
nol, forms yellow, irregular shaped plates. The space group is P2y/c, a = 19.73(1),
b=2851(2),¢c -8973(4) A, B--95.18(5)°; V -5027 A3, Z - 12, d, ~ 1.15 gfcmd,
dx =~ 1.13(3) g/cm3?). Intensities were measured on a CAD-4 diffractometer with
MoKa-radiation (Graphite monochromator, m: 20 scan, scand width dw -~ 0.9° +
0.6° tgf, 6000 counts per reflexion with 120 sec wax time); 7268 reflexions were
scanned in the range 1.5° < 6 < 22.5°, of which 1825 reflexions showed a significant
intensity with I 2= 3¢(1). Data reduction yickled the following statistics: B = 3.4 A2,
<|E|> =0722, <|B2—1|> ~=1.002, = |EK|22> = 1.039. No absorption correc-
tion was applicd.

The structure was solved by an automated symbolic addition procedure [5] and
refined to R —= 0.058 by least-squarcs procedures (1.S) for 776 parameters. C- and
O-atoms were refined with anisotropic temperature factors, H-positions werc calcu-
lated?), and included in the final stages of refinement with a fixed isotropic B=3.0 A2,

2) The experimental determination of the density by the flotation method was extremely
difficult because the hydrophobic crystals dissolved immediately in most organic solvents.
The density could finally be mcasured in glycerin/water with the addition of a wetting agent.

3 —CHj groups were put in staggered conformation, 7 ClL groups with C--H lisecting the
C—C—C angle. For the C(22)-mcthyl group the difference FFourier map indicated that one
hydrogen is roughly syn-planar to C(11}).
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Table 2. Cooydinates of 3 (x 104 for C and O, x 108 for H) with LS computed standard deviations

in brackets
X Y z l X ) 4 z
C(101) 2070(4) 39(3) 777(10) H(117C) 218(3) 92(2) = 319(8)
C(102) 1911(5) 375(3) - 296(10) H(118) 374 (3) 216(2) 328(7)
c(l03) 2174(4) 831(3) - 116(10) H(119a) 416 (3) 247(2) 106 (7)
C(104) 2114(5) 1271(3) <1084(10) H(119B) 439(3) 191(2) 137(7)
0(105) 2544(3) 1609(2) - 145(6) H(119C) 373(3) 205(;) 8(7)
C{106) 2792{4) 1403 (3) 1163 (9) H(120A) 307 (3) 279(2) 215(7)
C{(107) 3206(5) 1584 (3) 2292 (10) H(120C) 259(3) 240 (2) 109 (8)
c{l08) 3398(4) 1267(4) 3525(9) H(l20R) 256 (3) 240(2) 300(8)
C(109) 3164(4) 768 (3) 3539(10) H(122}) 267(3) - 85(2) 414 (8)
C(11p) 3353(4) 444(3) 4650(9) H(122B) 195(3) - 70(2) 312(8)
C(111) 3112(5) - 14(3) 4506 (10) H(l22C) 266(3) - 84(2) 228(7)
C€(112) 2712(4) =~ 174(3) 3282(11) c(201) 1180 (5) 379(3) 4647(11)
C(113) 2507(4) 148(3) 2086 (9) c(202) 1145(5) 792(4) 3899(1ll1)
C(114) 2747(4) 615(3) 2290(9) Cc(203) 681 (5) 1132(4) 4318(10)
€(115) 2574(4) 924(3) 1141(9) c(204) 481 (6) 1619(4) 3758(12)
C(1l6) 1409(5) 1480(4) -1254(12) 0(205) - 44Q3) 1770(2) 4785(7)
C(117) 2420(S) 1214 (4) -2549(10) C(206) ~ 140(5) 1420(3) 5755(10)
C(118) 3473(6) 2095(3) 2287 (12) c(207) - 581(4) 1405(3) 6835(10)
C(119) 3973(6) 2148 (4) 1094 (16) c(208) - 562(5) 967(4) 7715(10)
c(l2q) 2912(7) 2457 (4) 2099 (16) € (209) - 111(4) 566(3) 7380(10)
o{121) 3797(3) 1406 (2) 4617(7) c(210) - 108(5) 150(3) 8118(10)
€(122) 2489(5) - 687(3) 3196(12) C(211) 348(5) - 211(3) 7767(11)
H({l01l) 186(3) = 30(2) 62(8) c€{212) 793(5) - 148(3) 6682(10)
H(102) 159 (3) 29(2) ~ 125(8) ¢(213) 774 (4) 271(3) 5865(9)
H(ll0) 366(3) 55(2) 558 (8) C(214) 314 (4) 621(3) 6234(1Q)
H(11l) 325(3) 25(2) 538(8) €(215) 290 (4) 1039(3) 5466(9)
H(lleA) 138 (3} 177(2) ~ 197(8) c(216) 133(7) 1622(5) 2174(13)
H(116B) 103(3) 124(2) -~ 176(8) C(217) 1045(6) 1981 (4) 3348(l5)
H(116C) 123(3) 157(2) - 23(8) Cc(218) -1069(6) 1800(4) 7139(14)
H(117A) 238(3) 150(2) - 320(7) c(219) ~1611(6) 1876(4) 5991(1s)
H(117B} 294 (3) 113(2) = 237(7) C(220) - 764(8) 2175(5) 7953(21)
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X Y z X Y z
0(221) = 920(3) 935(2) 8776 (7) C(311) 5924 (5) - 543(4) 10074 (11)
Cc(222) 1282(5) - 542(3) 6362(12) C(312) 5515 (5) - 433(4) 8804 (11)
H{201) 153(3) 11(2) 439(8) C(313) 5494 (4) 32(3) 8247(10)
H{202) 146 (3) 84 (2) 302(8) C(314) 5900 (4) 368(3) 908%(9)
H(210) = 43(3) 11(2) 897(8) € (315) 5901 (5} 824 (3) 8612 (10)
H(211) 34(3) - 53(2) 837(8) C(316) 5000 (7) 1783 (4) 7592(15)
H(216A) ¢ (3) 196 (2) 183(7) C(317) 5936(7) 1658 (4) 5876 (13)
H{216B) 43(3) 147 (2) 141(7) c(318) 7105 (6) 1499(4) 11446 (13)
H(216C) = 32(3) 141 (2) 214(8) € (319) 7709 (8) 1639(s) 10724(17)
H(217R) 90 (3) 231 (2) 357(8) € (320) 6709 (8) 1886 (6) 11%41(17)
H{217B) 1241(3) 201(2) 509(7) 0(321) 7079 (3) 544 (2) 12378 (7)
H(217C) 148 (3) 186 (2) 336 (8) c(322) 5105 (5) - 808(4) 7968 (12)
H(218) - 140(3) 168 (2) 733 (7) H(301) 478 (3) - 5(2) 631(8)
H(21%A) - 196(3) 213(2) 621 (8) H(302) 481(3) 76(2) 557(7)
H(219B) - 140(3) 196 (2) 495(8) H(310) 662 (3) - 30(2) 1184 (8)
H(219C) -~ 189(3) 155(2) 572(7) B(31l) 592(3) - 88(2) 1045(7)
H(220A) - 105(3) 243(2) 827(7) H(316A) 508(3) 214 (2) 759(8)
H(220B) - 50(3) 202(2) 898 (8) H(316B) 458 (3) 170(2) 685(7)
H{220C) - 36(3) 230(2) 738 (8) H(316C) 483 (3) 171(2) 865(7)
H(222A) 121(¢3) ~- 82(2) 705 (8) H(317a) 601(3) 201(2) 5871(8)
H(222B) 120(3) - 65(2) 525(8) H(317B) 640(3) 148(2) 579 (8)
H(222C) 178(3) ~ 43(2) 654 (8) H(317C) 562(3) 157 (2) 492(7)
C(301) 5096 (5) 190(4) 6970(11) H(318) 733(3) 133(2) 1249(7)
C(302) 5096 (5) 650 (4) 6545 (10) H(3194A) 800 (3) 188 (2) 1137 (8)
€ (303) 5507 (5) 980 (3) 7364 (10) H(319B) 803(3) 134(2) 1059(7)
C(304) 5627 (6) 1511(4) 7296 (12) H(319C) 756(3) 177 (2) 967 (7
0(305) 6153 (3) 1598(2) 8578(7) H(320a) 700(3) 214 (2) 1257 (8)
c(306) 6279(5) 1194(3) 9355 (10) H(320B) 647 (3) 205(2) 1099 (8)
€(307) 6693(5) 1114(3) 10634 (10) H(320C) 631(3) 177(2) 1259(7)
¢ (308) 6719 (5) 640 (4) 11178(11) H(322A) 518(3) - 114¢(2) 851(7)
c{309) 6327 (4) 247 (3) 10415(10) H(322B) 458(3) - 73(2) 792(8)
c(310) 6320(5) - 204(3) 10887(10) H(322C) 522(3) -~ 84(2) 687(7)
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Fig. 4. Bond lengths, bond angles and some tovsion angles of 3, avevaged over the thvec independent
molecules. Standard deviations for averaged parameters involving C and O atoms are =~ 0.008 A
for bond lengths, ~ 0.7° for bond angles, and &2 1.0° for Ltorsion anglces.

Yig. 5. Sterevscopric projection of 3 (oxygen atoms shaded). Molecule TT js shown, but I and I1I are
very similar. Anisotropic vibration cllipsoids at the 509, probability level, hydrogens with uniform,
isotropic 3 = 1 A2,
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In addition to the scalc factor an isotropic extinction coefficient G [4] was introduced
(final value G = 0.8 (1.8), T = 0.02 cm) resulting in a total of 776 parameters4). The
final difference Fourier map showed no residual electron density higher than 0.2 /A3,
Kinal positional paramcters are given in Tab. 2.

Results, The numbering scheme and structural parameters averaged over the
three independent molecules, are shown in Fig. 4, and a stercoscopic view showing
the molecular conformation is given in Fig. 5. The presence of threc independent
molecules in the asymmetric unit allows an internal check of the accuracy of the
structure determination. For this purpose the variances caleulated for cach set of
three equivalent bond lengths have been averaged over the N=23 sets of bonds®).

N 3 :
<s> 3| T -A)z| N
n—1\ il |
A value of < 2> - 181.10-8 A2 was determined, corresponding to a2 mean e.s.d. of
0.013 A for an individual bond, approximately equal to the mean LS-computed e.s.d.

of 0.015 A. For standard deviations of molecular parameters see legend to Fig. 4.

Yig. 6. Packing diagram of 3. Atoms are represented by the envelope of the anisotropic vibration
ellipsoid at the 50%, probability level. Shaded atoms denote oxygen atoms, hydrogen atoms are
omitted from the drawing.

4) A list of structure factors (observed and caleulated) and vibrational parameters can be
obtained by the authors.

5)  Bonds C(18). -C(19) and C{18) =C(20) have been omitied from these calculations because they
appear to be severely affected by anisotropic vibration (scc I4ig. 4).

127
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The conformations of the three molecules are very similar. In all three molecules
the methine hydrogen H(18) is approximately syn-planar to C(8) = O(21) and the
methyl group C(22) has onc hydrogen atom syn-planar to C(11). The pattern of bond
lengths in the pseudo-aromatic ring systems and of bond angle deformations induced
by the fused furanc ring are also similar in all three molecules. The tetracyclic phenale-
none system is planar; the mean displacement of atoms from the LS-plane through
the four rings including C(18), O(21) and C(22) is 0.025, 0.023, and 0.014 A, respec-
tively, for the three molecules. There is, however, no consistent pattern in the small
but significant atomic displaccment from planarity among the three molecules. There
are no short intermolecular contacts (scc packing diagram, Fig. 6).
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2-Aza-13-dienes. 2. Synthesis and Structure of a Stable Azomethine-ylid. Summary.
Thermal treatment of 2-(2’-gyano-2’-methoxycarbonyl)methylide-amino-1-morpholine-cyclo-
hexcne results in the formation of a stable isomere. Its azomethine-ylid structure is de-
monstrated from the spectroscopic data (UV., TR, 11I- and 13C-NMR.). 1, 3-dipolar cycloaddition
reactions of this ylid leads to spiropyrrolines.

Nous avons récemment décrit [1] urie nouvelle synthése d’aza-2-diénes 2, basée
sur la substitution du groupement sulfonyloxy de dérivés isonitrosomaloniqucs
sulfonylés 1 par des énamines. Les azadiénes 2 sont des synthones intéressantes ui
ouvrent des voies d’accés originales 4 différents systémes hétérocycliques [2] [3].

RN Ts X
\=\ . —0\N=\/ ~=IsOH._ @q.N. =\ _/x
H Y "-—-\Y

1 2
(Ts = CHa—CgH4—S0z—p; X, Y = CN, COOR)

Dans ce mémoire, nous décrirons 'isomérisation de I'un de ces azadiénes en un
ylure d’azométhine acyclique non substitué sur I'azote, qui représente a notre con-
naissance le premicr exemple isolé et stable d'un tel groupement. Sa structure sera
discutée sur la base des résultats spectroscopiques ct nous donnerons un apergu de
sa réactivité.





