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CRYSTAL STRUCTURES OF TWO MACROCYCLIC
DITERPENOID PHOTOPRODUCTS
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Abatract—The crystal structures of two macrocychic diterpenoid photoproducts, the chemistry of which has been
described in the prcctém; paper have been determined at 295 K.

Compounds 1 {CuHa0u and 11 (T HaO0 are both orthorhombic. P1L2,2;.
Z = 4. the struciure being refined by least squares 1o 2 residual of 0063 for 1234 “observed”
2430011 b= 9415 ¢ = 2 14X0 A, 7 = 4 (R = 0.070, 32 “observed” reflectionsh.
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The preceding paper’ has described the chemical evi
dence for the nature of the photoproducts derived from
bertyadionol and a derivative of its congener “Diterpene
D™, denoted 2 and 19 respectively. In both cases some
doubt existed as to the stereochemistry about the cyclo-
propane ring junction and for this reason, as well as the
sseve!!y ef 2 a crystai stmcture detcrmination by X- ray

o

previous paper’ we have reported the stmamm% charac»
terisation of other bertyadionol derivatives and the
numbering scheme adopted in the present paper follows
that already defined for compound 1 in that paper.

CRYSTALLOGRAPHY

Cell dimensions were determined in each case by 3 lrast
squares §it of the angular prameters of 13 reflections centred in
the counter aperture of 2 Syntex Pi fourcircle diffractometer. A
unique data set was then coliected using a conventional 2HW#
scan, for 1, in the range 28 <45°, yielding 1350 reflections, 1234
of which with ] > 2e(/) were considered “observed”, and 11,
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being considered “observed”, and used in the structure solution
and refinement. No correction was applied for absorption in
either case, in both structures ncutral atom scattering factors
were used, Q. C corrected for anomalous dispersion (81, /.5
Monochromatic Mo(K, ) radiation was used for both structures
& = 0.71069 A). T being 295(DK.

Crystal data: 11 CpH 0y, M = 3144, orthothombic, P?.E,?.
(D, No. 19). 2= 24.18(1). b= 1184HS). ¢ =S984NA. U
IMXDAS D, = 1221, DAZ=O=122p.cem™". ﬂem}as?&
B 2 086em ' Crystal size 033 x 035 %033 mm,

I CuHp0y. M = 3745, orthorhombic. space group P2 2,
(Dy", No. 19}, @ =24.30(1), b =9.41XS), cawomk
9B AS D, = LI, DAZ=4=1L0gcm *, Fidi0= Sﬂé
um*O%cm" crystal size 0.21 x 0.08 x 0.08 mm.

Both structures were solved using the MULTAN program®
package, subsequent processing being carried out using the X-ray
72 program system implemented on a CYBER 73 computer.” The
structures were refined by 9% 9 block diagonal least squares:
where the C or O atoms had hydrogen stoms atiached. the
positional parameters of these were also included in the block.

Non-hydrogen anisotropic thermal parsmeters were of the
form

exp -2l B0 + > ¢ Wk Y
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In §. o= 20800 A& = HEBEHS

H atoms thermal motion being constrained at 2 value estimated
by conuideration of the motion of the purent C or O atom.
Refinement converged when parameter shifts were <90.2¢. Final
residuals  were 00831k 0070l R =3w|IF]
AFIPISw]FFYT heing 00700, 00880111 In a weighting
scheme of the form w = (¢3(F,) + # x 107(F,") *,1he appropriste
values of & were found to be 31, XII). Tables of structure
amplitudes, thermal parsmeters and hydrogen atom parameters are
deposited with the Editor.

DISCUSSION
In cach case the crystal lattice is comprised of discrete
molecular units, the asymmetric unit in each case being a

Iz compound (199, Ref |)

Hi{mcompound {1}, Ref. 2}
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single molecule. In I, the only notable intermolecular
interaction is from the hydroxylic H(7b) to a nearby
ketonic O3) (1-x. i+y. 13-2) at L.85(NA. while
in 11 a similar interaction is found between H(15) and O(3)
G-x 2-y, z-3, 22001A. The structures de-
rived have been presented and discussed chemically in
the preceding paper; it remains to make a few comments
concerning unusual features of the molecular geometries
and stereochemistries of the two molecules.

I. The structure determination establishes the origin of
this compound from a wransannular bond formation be-
tween C(6) and C(12). On the assumption that the chiral-
ity throughout the remainder of the molecule is un.
changed during the photochemical reaction, the chirality
of C(6) is assigned as S. Although this assumption is
reasonable {and the diagrams in this paper are drawn in
conformity with the proposed chirality based on it and
chemical evidence), it is not absolutely certain in view of
the fact that the structure solution shows the dispositions
of C(2) and C(19) to be at the centres of gravity of
abnormally large thermal ellipsoids enveloping the

atomic positions of the two possible epimeric forms, This
in turn suggests that the laltice is comprised of an
epimeric mixture of the two possible configurations at
C(2). Epimerisation of this centre is known to occur
readily,' However, the relative chiralities of C(7), C(9),
and C(11) remain constant so that the conclusion seems
reasonable.

II. The structure determination shows that the double
bond between C{12) and C(13) in the precursor,
compound (I8) in the original paper, has isomerized to a
Z configuration. Whereas chemical and spectroscopic
evidence could not be used easily to assign the stereo-
chemistry about C(9) and C(11). the structure deter-
mination has shown that surprisingly C(9) has undergone
epimerization. The resultant strain in the C(9)-C(15)
sequence of skeleton results in an unusual disposition of
CO(14) which is twisted considerably relative to the
plane of the C(12)-C(13) double bond and which was
predicted from spectroscopic considerations. Again the
absolute configuration shown is based on the previous
chemistry.

Table 1. Non-hydrogen atom fractional cell coordinates, X 10

¥
atom 1 x Atom z L 1
C(l)  1728(5) 6808(13) 0325(14)
Cl) M9 2312(6)  3029(14
) ® ) p(14) Cy  1337(%) 2750(11)  1623(18)
C(2)  I675(2) 2U9N(5)  s08(1
@ @ & % C(3) 206904} 83SBLLLY 217401
C(3)  A0SL(3) MO(S) 59
® () Aus0(s) 93102 o) 2101(3) 9206(8)  3163(8)
8302 7"
03 A383(2) 3218(3)  T4T0(9) C(4)  2350(A) 7Oy 132718
CGA)  3923(2) MISL(8)  AABL(1YL)
o) 3082(4) 8516(13) 129313
C(S)  AL66(Y) s287 asssQ1
5y 4166(3) () apssan) C(6)  3564(%) 7936(11) 1706(12)
C(6)  4286(2) 3987 2187
® (23 398703) ay ST ALI6(A) BSAI(I) 1546(15)
CUY  48e3(2) T0L(S) IMT(LD)
O(T)  4026(2) 10198(8)  1344(8)
O(7)  S080(2) 6634(k)  ABB6QLO
m @ (&) 4ss010) CO71)  A372(S) 11063(13) 2041(18)
C®)  3303() 7963(3)  43394D) O(71)  4795(A) 10625(10) 2601(16)
CE9)  WB(2) 877(5)  2681Q11) C(72)  4232(5) 12557(13) 1717Q24)
Cao 132 K03 233aD) C8)  AA76(7) 8173(13) 0237Q2D)
cQL) 368203) T620(5)  1166(12) C(5)  4200(6) 8270(12) -1260(18)
cQ2) TSI 6372()  1630(10) Ca0)  a395() 1263(12) ~20757)
CO3) 33%2(2) 3672(3)  0897(20) CU 3825 T1IVQD -1836(14)
C(I4)  3353{2) &423(%) 0962010) ey 3346(5)  7506(18) ~2790(13)
O(18) 3122¢2) 389L(3) -0302(8) can 180Gy NIIAL -257501%
CAs)y 339402y 3764(3) 283610 CC18)  2628(4) 6339(11) ~1137(1))
cae) 3031k 9N 1TASH 0(14)  2745(3) 5378 -0788(20)
CQ7) 2999(3) 7927(6)  4468(19) casy  256() M93AL) -0172012)
CUs) 2837¢3) €113(6) -0278(13) oSy 21116) 8834(10) -0790C1L)
C(19) 3853(3) 1115(6)  $952(17) Cae a6 7859C17) 3970016
C(20) 4640(3) S$3IB(E)  1136(3) C17)  4815(3) 6028(16) -1990(21)
C(18)  2361(6) 7511(18) -3709(1)
c(19) 1299(4)  TOO8(12) 2812Q08)
C(20)  3653(S) SAN(12) 2272(16)
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Table 2. Interatomic distances and angles (A, deg.) with least squares estimated standard deviations in the final digit
in parentheses. Values for 1 follow those for |

{1y - (D)

(1) -~ c1s)

c(2) - 3

C(2) - c(19)

{3 ~ o3}

€(3) - (4}

) 2 ¢83)

c{d) - c(%)

c(s) - C(&)

{8 - (N

c(6y - ¢

¢(6) ~ C(20)

o7 - KN

QL7 - S

C{I1y ~ 071}

€2y ~ ¢{1) - (1)
cQ1) - C@ - (B
(1) « ¢ - Cim
€18y ~ C(2) - B
€(2) - ¢(3) - &N
€(2) - () ~ (@)
83 - o - &)
€3y - ¢4} - C(8)
€(3) -~ C{&) - C{15)
C(s) = c(d) -~ c13}
C{a} ~ C(5) - C(&)
c{5) ~ C(6) = o(7)
C(8) ~ (&) ~ C(12)
¢{8) -~ C(6) - C(20}
{7y - C{8) - Sy
(7 - C{8) ~ C{20}
€(20) - C{6) - C(12)
C{8) - ¢ ~ (N
{8y « C{N - (W
07} ~ () -~ (B
(N -~ 0N -~ c(MN)
a{n - ¢y - 0N
O(1) - T}y ~ (2D
0(71) - C(7N} - C(72}
G - C(®) - &P
C{By « ¢(9) - (1

1.55(1), 1.3
1,510}, 1.50{)
L32(1), 1.50(2)
1.3%€1), 1.5y
1.2131), 1.201)
14700, 1.52(D)
1.35(1), 1.56(2)
1.43(1), 1.49(D)
1.52(1), 1.35(2)
LS, 15D
1.581), -~
1.33(1), 1.82()
1.4402), 1.45(1)
- LAY
-, L
104.5(6) 104.4(9
101.2(8), 102.4(9)
122,37, 116.7(3)
118.4(7), 112,420}
125.1(6}, 123.8Q20}
110.2(8), 110.1010)
125.6(6), 126.1(10}
121.8(6}, 119.0010}
107.4(5), 98.8(8)
130.8(6), 116.86{10)
116.3(5), 123.0011)
109.5(5), 123.2010}
111.6(%), -
110.6{5), 126,501}
110,044}, -
105.4(5), 109.7(10}
109.5(8), -
106.7(5), 109.8(8)
112.4(8), 114.9(11)
112.0(6) , 106.4(10}
-, 116.%9)
- L.
. 13,3010
» 136.3001%
105.4(5) , 116.0013)
124,405, 119.2011)

(1) - {72y

¢} -~ (W

C{B) ~ C(9

(9 ~ ¢(10)

c(9) - Q1)

{10} - c(16)

c10) - 17}

{10} ~ c(11)

€1y - ci)

e} - c(1®

{13y - Q)

(1) - il

C{14) - 0(1é)

Ci18) - Cam

€13} - 0(18)

€10} ~ C(9) ~ C11)
c(8) - c(9) ~ ¢}
€9 ~ C(10) -~ ¢(16)
c(8) - €10} - A7}y
€9 - Qe - )
CQ6) - c(10) - c(AT)
€(18) «~ C(10) ~ C(11)
{1y - c{10} - 11}
€{9) - CQ1) - c10)
c(3y -~ CQ1 - ¢}
€Q10) ~ cQ11) - CQ1)
C{I1) - CQ12) - c(6)
C{11} ~ (12} - C(1®
c(8) - cl1z} - N
€12} - €13 ~ S48}
L2y - cQ) - el
C{18) - C(13) - C(14)
C(14) ~ C(18) - C(&)
C{1) = €(13) = C{&)
(1) ~ ¢{1%) ~ o(1%)
€(4) = C(13) - 0(AS)
c(14) - €15y - 0015
{14} - C1%) ~ ()
€(15) - CQ14) - QW)
C{18) ~ C(14) - 0()8)
€{13) ~ C(14) = 0(I4)

-, 1.45(2)
1.52(1), 1.%6(2)
156015, 151D
1511, 1.3
1.30(1), 1.51(2)
1.50(1), 1.48(2)
1.69{1), 1.64(2)
1.52(1), L.52(2)
1.81¢1), 148Dy
1,361, 1.35(D)
1.48{(1), L.3{D)
1,301, 1.53(D)
1.2101), L8
1.48(1), 1.5%(2)

~ 1.43{1})
60, 7{4), 39.6(8)
114,3(3), 1230001

117.00(8), 118,9Q1)
121,146}, 115.1002)
59.5(&), 58.9(8)
113.8(6), 116.100)
115.6(6), 121.4(12)
119.3(5), 114.301)
39.8(4), 81.3(8)
120.3(8), 121,501
123.8(5), 118.1Q1)

1.8, -
117.1(5%), 128.512)
125.1(%) -
125.9(5), 119.7Q0)
121.945), 123.2Q11)
112.0(5) , 117.0(%)
127.3(3), 109.1(9)
112.7(%), 100.6(%)

-, 106.5(D)
- . 109.1(9)
., 114.7¢9)

1238, 5.9
123,508}, 11659
116.9(3) , 120,411
119.4(5) , 123.1020)
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Fig. 1. Unit cell contents of 1. projected down ¢, showing S0% thermal ellipsoids: hydrogen atom radii are
arbitrarity set at 0.1 A. Hydrogen bonds are shown by dotted lines: the atoms represented by dotied ellipsoids
appear 1o be disordered.

Table 3. Torsion angles within the non-hydrogen skeleton in degrees for 1 11 and 111 Values for the carboxylate
group in {1 are omitted

1 i1 331
C(18) =~ C(1) - €(2) ~ C(19} -153.0 ~161.2 ~160.9
€38 - ¢(1) - &) -~ W ~18.7 -26.% ~33.3
(1) - £(2) - €(3) - 0(I) -165.2 177.0 -182.2
T{1) - €2} - ¢( - (&) 19.4 ~3.8 16.5
C(19) - C(2) - €(3) -~ (D) ~28.7 ~56.7 ~35.1
C{19) ~ €(2) = C(3) ~ C(4) 155.9 122.8 143.6
€23 - C(3Y - C{&) - (S} 176.6 158.4 136.8
€(2) - C(3) ~ Cl&) - C(18) -12.3 3.1 8.5
0(3) - C{3} - C{&) - C{5} 5.8 ~22.4 46,3
0(3) ~ €(3) - C(&) - CO1S) 172.2 ~149,7 -172.8
C{3) = €(&) - C(5) - C(6) 146,86 124.% 1283
CL15Y = C{&) - C(5) - C(8) ~29.7 ~116.8 ~110.7
C(3) = C(&) = C(15) - C(1) 1.0 4.3 -29.7
€33 ~ C{&) ~ C(13Y - {14} -179.3 167,35 «150.3
C(S) ~ C{4) - €15} - ¢l1) -175.7 75,3 ~154.8
C(5) =~ C{&) ~ C{13) ~ C{1&) 3.9 ~63.% 84.5
€{&) ~ C{3) - C(6) ~ C(N) -188.8 1M 175.4
c(4) - C(3} - C(8) - CL20) -33.% 0.3 0.0
ey - C{5) - &(8) ~ C{12) 6%9.1 - -



Crystal structures of two macrocyclic diterpenoid photoproducts

Table 3. (Contd.)
1 34 999
C(8) - C{6) - () - C(B) -77.0 -102.6 -43.3
€(20) - C(6) - C(7) - C(8) 164.0 1.8 112.4
€(12) - €(8) - C{7) ~ C(B) 46.0 - -
C(S) - C(6) - ) -~ o(7} 46.1 7.9 54.0
£(20) - €(6) ~ SN - o(T) -1.8 ~186.7 ~130.1
€12y - €6} - €(7) - o7} 169.2 - -
C3) - €LY - cu2) - cay 126.6 - -
C{8) ~ C(8) - CLIY - C13) -56.4 - -
N - €(6) - €AY ~ C{AN) a8 - -
€73 - c(8) - cl12) - C(13) ~178.3 - -
€(20) - ¢{8) - (1D -~ c(1) ~110.% - -
€(20) - €(6) - ¢12) - C(13) 66.3 - -
C(6) - C(7) - C(8) - C(9) ~1.7 56,7 -71.%
073 - €(7) - C(8) ~ C(9 188,31 -4, 168.2
ST} - C(B) - C(9) - C() 114.5 ~154.7 157.%
C(7) ~ (B ~ C(9) - c1) 44.5 ~84.0 82.7
C(8) - C(9) ~ c110) - cQl) ~100.8 1135 -114.2
C(8) - €(3) -~ C{10) - C(16) 153.¢ -135.8 140.0
€(8) - ¢(3) - C(10) - 1) 7.1 3.0 4.6
C{11) - C{9) ~ C(10} - £(16} -105.2 110.7 ~105.9
e - c(9) - ¢ - can 107.9 ~104.% 109.6
€(9) - CQ10) - ¢{11) - ) 1080 12.1 107.7
CC16) - €(10) - €11} - 1Y) ~ldd & 5.5 -148.4
C(17) - CQ10) - €11y - cuD -2.0 -141,1 -2.0
€{16) ~ CQ10) - €(11) ~ (%) 107.6 ~106.% 106.3
€(17) ~ €(10) - €C1L) - C(9) «110.9 106.8 ~109.7
C{8) -~ C(9) - €11} ~ cid) 3.2 146.7 ~0.6
c(8) - C(9) - C(11) - ¢Q10) 117.2 -10¢.2 112.6
€{10) - ¢(9) - CcU1) -~ I ~114.0 ~302.1 =-113.1
€9 - €11} - €12 - () -30.0 - -
&9 ~ (1) - (1) ~ c(1) 152.8 ~124.1 -142,1
C(10) - C(11) ~ €(12) - c(6) 101.9 - -
€18} - C{11) - SO - U 8.9 184.4 147.4
C{6) - C{12) =~ C{13) = C{18) ~178.3 - -
C(11) - €12y - c(1d) - c(18) ~1.3 -174.6 -1.6
C(6) ~ €(12) - €(13) - c(14) -3.8 - -
e(11) - c(12) - c1Y) - C14) 173.2 7.8 169.8
C{12} - C(13) ~ CQ1é) ~ D(14) -147.% ~68.7 168.2
CU18) - €(13) - C(14) - O(14} 27.8 113.% -14.2
€(12) - C(13) - C{14) - c1S) 38 12,5 -18.4
C(18) ~ C(13) - C(14) - C(15) ~147.0 ~63.3 159.2
©{13) - C{14) - CQ1S) - C(4) 139 120,2 -$3.7

57
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Table 3. (Courd.)
i 1x I
O{14) - {14} ~ CQ13) - (&) -171.2 -61.0 109.7
C(13} - C(18) ~ C{13) ~ (1) ~166.% ~128.8 -178.4
0(14) - C(14) ~ €(15) -~ (1) 8.4 $1.0 -5.0
€{14) - €(15) ~ c(1) - (D) ~187.1 162.9 -161.4
C{&) - €13 - €1 - (D) 13.2 45.8 -~41.0
6(14) - C(14) - c(1%) - 0(®) - ~175.4 -128.%
C{13y - c(14) - c{15y - 015 - 3.4 58.0
C(5) - C(4) ~ C(15) - 0(15) - ~83. 4 -38,2
C{3) - C{&) « C(15)y - o1® - 45.6 87.0
€2y -~ c(1) - c(1%) ~ 0(1) - -68.4 ~74.8

@

(b

Fig. 2. {a) Unit cell contemts of 11, projected down ¢ (20% ellipsoids]. (b} A single molecule of I, projecied normal
1o the molecular “plane” (20% eliipsoids).



Crystal structures of two macrocyclic diterpenoid photoproducts 159

The torsion angles within | and Il are compared with
each other and with il in Tabie 3. The reader should
note that in the original report of the structure deter.
mination of 111, the signs of some of the torsion angles
are in error and the opportunity is taken to correct them.
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