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Ahrui-The m~tutc~ of the R. and B-hydrazoner of (~Mornane~.‘. Mow. C,oH,.K$). were confwmed as the 
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space group P!, 2, Z,wthj!-4 Crlld~mtnuonruc6g~Z(I~.II~~!~.I!~~!~~!orthco~~~omtr~7~1~1). 
II 21442). 1268lt11A for the &lsomcr Both were solved by duect methods and refined by full matnr krti 
quucr In contrast to 2. Qomancd~om. rhrch ha\ m unuwally bng 0 WA) rp’Ct!~cp’<‘f\) bond length. the 
hjdratonec habe a more nwmJ C(WTt!) bond kngth II 469 A) There 1% mttrmokcular N-H N H&w&q m 

the crystals of both the o. and B.hydruones. In tk B.nomcr there I\ alu) ckuiy an mtramolecular N-H M 

Hand For each wmcr there I\ J small right--handed \tcw unu (o b4 !‘. 6 -? $3 to the tonron an& formed 

about @CC=N Roth Isomers trhrbt f.1 Cotton tffcctr near Wnm In their ctrcular dtchrorsm spectra WI a KBr 

mrtnl o( In drotrne solution. hut become (+I In rvkptm Anrlyw of the “C.NMR spectra of the O. and 
B.h)drafono 1% drxucctd 

T?tc monohydrazono of camphorqotnonc (2.3&r- 

nrnedtonc) *erc first prepared and investigated many 

years ago ’ II was found that a nearly 75% yield of 

hydrazone crystallized after 3 hr from a 1: I mixture of 

camphorquinonc and hydrarinc tn ethanol kept at 40' 

F@ I Structure\ of t~~bonune~~.M~one o.hydruone (1) ud 
&hydrarone (2). and (~Monunc~~.~drone (bottom) Sekcted 
bond kn#hc arc tndtcrted on tk WJ~~WC~ OH and NH btt~~es 
UC shown. bowcw. only those ksc than ! 3 A UC bhrvcd to be 
mvolved In hydrqtn bondq A more complctc set lor I and 2 may 
be found In Tabks I. data for (-~bomane!.Mot~ UC otwncd 

from reference 1 

Thus crystalline hydralone (Iakllcd 0)’ melted with gas 

evolution at .W IO gtvc camphor From the mother 

liquors. an isomcric hydruonc (called 8)’ steam dts- 

ttlkd It melted al IO?; conttnutd hcattng to I5&lf# 

caused rcsolidification and conversion IO the o-isomer 

On the brsts of these data and similar findtngs wtth 
crmphorqutnonc scmtcarbrroncs. it was concluded that 

the o. and 8-hydrazones were stereoisomers ’ The 
available evidence thus suggests that bornanc-2. Mionc 

reacts exclusively at C-3 and that the o- and fi-tsomers 

are E and Z-isomers. with the steam volatile fi-Isomer 
probably possostng the Z(synkonfiguntton However. 

none of these suppositions were confirmed unam- 
biguously prior 10 thts work 

Our interest tn the hydnroncs of camphorquinonc IS 

twofold, molecular structure and chtroptical properties. 

an unusually long sp’C+p’C, bond length (I.540 A) and 
a small f&O I’ 10 b2.Q) P.hrltcity skew angle’ The skew 
angle has been implicated as one of the critcnr dettr- 

mining the sign of the long wavckn@h o-dikctonc CD 
Cotton effect (CE).’ Stnce f-kamphorquinonc cxhtbtts 
dtffcrently stgncd long wavelength CD CE’s tn solution 

[(-KE] and the soltd phase If* KE]’ 11 was put~cularly 

inttrottng 10 learn whether the hydrazones cxhtblt a 
stmilar behaviour We therefore initiated a structurc-spec- 

troscoptc invcsttgatton of the (I. and B-hydrrrono of 
(-krmphorqutnonc. (1 and 2) rcspecttvcly In what fol- 
lows we docnbe their crystallographic structure detcr- 

mtnattons and CD spectra. wtth the latter measured in 
the solid slate and in solvcnrs of varytng polarity 

ORTEP’ drawtngs of Ihe 00 and f3-hydruono of 
f-kamphorquinonc arc shown tn Fogs ! and 3 The 
isomcric mokcuks arc virtually tdcnttcal crccpt for the 
ontntation of the tcrmtnrl N atoms tn the hydraronc 
group Bond lengths (Ftg I) and angles are gtvcn tn 
Tabk 1 For the most part these agree tn the two 
compounds as well as wvlth those found tn other camphor 
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Fig. 2. ORTEP’ drawing of a-hydrazone 1. The thermal ellipsoids 
are drawn for 50% probability. except for those of hydrogen atoms. 

which are not drawn to scale. 

StNctUreS.‘~6’0 The diflerence between the C(5)-C(6) 
distances in the IWO compounds is not considered statis- 
tically significant. The estimated standard deviation for 
this bond length in the B-isomer is large. As might be 
expected, the major differences occur around C(2) and 
C(3). In 1 the N(I)_C(3)-C(4) angle is large (132.3”); 
whereas, in 2 it is the N(l)-C(3)-C(2) angle that is large 
(130.5”). This may in part be due to steric effects, since a 
large N(l)-C(3)_C(2) angle would tend to increase the 
separation between the terminal NH2 group and the 0 
atom. Such effects would be more important in the 
B-isomer (2). The C(3)_N(ItN(!) angle is also slightly 
larger in the fl-isomer. 

rhe C(2)_C(3) bond length in the two compounds 
averages l&t(8) A. approximately that expcc~cd for a 
single bond between two sp’ C atoms. In the structure of 
camphorquinone ’ this bond length is unusually long, 
averaging 1.540 A for the two molecules in the asym- 
metric unit. 

TaMe I(a). Bond distances (in A) for non-hydrogen atoms’ 

!lolr_ a-lSOt5lEr ---- B- l.Sc=y 

O(l)-C(Z) 1.226’4)1 l.?28(8)R 

N(l)-1'2) 1.332(4) 1.328(7) 

N(l)-N(3) 1.788'3) 1.269(E) 

C(l)-C(2) 1.516'4) 1.508(8) 

C(l)-C(6) 
C(l)-C(7) 
C(l)-C'lO) 

C(2)-C'3) 

CO)-C(4) 

C(4)-C(5) 

C(4)-C(7) 

C’S)-C’S) 

1.556'4) 

1.556'4) 

1.508(4) 

1.472(4) 

1.503'4) 

1.538'4) 

1.546(l) 

1.552'5) 

1.5aa’lO) 

1.576'9) 

1.505(9) 

1.456(9) 

1.521'9) 

1.549(11) 

1.531'9) 

1.508'14) 

C'7)-C(8) 1.521'5) 1.529'9) 

Fig. 3. ORTEP’ drawma of @hydrazone 2. 

There has been a considerable interest in the electronic 
and CD spectra of a-substituted camphor derivatives, 
particularly adiketone systems.’ In those systems, evi- 
dence points to a C2 symmetry due to out of plane 
skewing of the substituents.’ For hydrazones 1 and 2 this 
can best be represented by considering the torsion angle 
N(l)_C(3)S(Z)_O(I). corresponding to the interplanar 
angles between the planes defined by N(l), C(3). C(2) and 
C(3), C(2). O(l). The angle is +4.1 and t2.5” in 1 and 2 
respectively. both corresponding to a right-handed P- 
helicity skew sense. Another torsion angle of interest is 
that between the planes defined by N(l). N(2). C(3) and 
N(I), C(2). C(3). This angle is + 176. I and -3.3” in 1 and 2 
respectively. 

Angles between least-squares planes of interest are 
given in Table 2. These an es agree with those found in 
other camphor LO structures. Calculations show that 
the atoms defining each of the three four-atom planes lie 
approximately in that plane. 

('7)-C(9) 1.526'4) 1.528'9) 
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Table I(b). Bond ws (in de-g) for non-hydrogen atoms 

M(2)-W(1 

C(Z)-C(1 

C(2)-C(1 

C(2)-C(1 

C(6)-C(l 

-C(3) 118.3(3). 120.4(s)* 

-C(6) 103.5(2) 102.5(5) 

-C(7) 100.5(2) 100.2(5) 

X(10) 115.6(2) 116.7(6) 

-C(7) 101.6(2) 99.5(6) 

C(6)-C(l)-C(l0) 114.8(3) 114.4(6) 

C(7)-C(l)-C(l0) 118.5(2) 120.5(S) 

C(l)-C(Z)-O(1) 127.4(3) 125.6(6) 

C(3)-C(2)-O(1) 127.9(3) 127.4(5) 

C(l)-C(2)-C(3) 104.7(Z) 107.0(5) 

M(l)-C(3)-C(2) 121.4(2) 130.5(5) 

M(l)-C(3)-C(4) 132.3(3) 124.8(5) 

C(Z)-C(3)-C(4) v&.1(2) 104.6(s) 

C(3)-C(4)-C(5) 105.0(2) 104.9(6) 

C(3)-C(4)-C(7) lOl.O(2) 102.1(5) 

C(5)-C(l)-C(7) 102.5(Z) 102.1(5) 

C(4)-C(5)-C(6) 102.5(Z) 103.4(a) 

C(l)-C(S)-C(5) 104.5(Z) 105.1(a) 

C(l)-C(7)-C(4) 94.3(2) 94.4(5) 

C(l)-C(7)-C(8) 112.8(3) 111 l(6) 

C(l)-C(I)-C(9) 114.1(3) 114Q6) 

C(4bC(7)-C(8) 113.0(2) 114.6(6) 

C(I)-C(7)-C(9) 113.5(2) 11X2(6) 

C(8)-cm-C(9) 108.7(2) 109.0(5) 

1 The flgum fn prrentheser Jn tic strndrrd d+v(Jttons of the lcrst stgnificrnt 
hem Jnd thrmghout thfs Wpcr. 

Table ? An& (in dee) between kast-squares planes’ 

Plane 1: C(1). C(4). C(7) 

! -2.120x + 10.259y - 4.3012 n 8.038 

_z 2.8091 l 9.902y - 3.425~ . 5.094 

Plrne 2: C(1). C(2). C(3). C(4) 

! -0.336x l 9.679y * 6.967~ . 10.401 

? 0.%5x * 8.988y l 7.3962 . 11.616 

PlJ"e 3: C(1). C(4). C(5). C(6) 

1 2.024x - 2.237~ * 12.048~ . l.CtiO 

2 -2.266~ - 2.428~ * 11.7402 . 6.050 

Plene 4: C(2). C(3). C(5). C(6) 

1 1.011x + 4.425~ + 11.742~ . 7.769 

z -0.8111 * 3.866~ * 11.820~ . 9.935 

,_-_..---- ---.- -_ .-_ __ _._ ____ 

1: (l)-(2) 54.4 (11-O) 125.2 (l)-(I) 90.5 

(2)-(3) 70.9 (2)-(4) 36.1 (3)-(4) 34.8 

?: (l)-(2) 53.1 (l)-(3) 124.1 (l)-(4) 89.4 

(2)-(3) 71.0 (2)-(4) 36.4 3)-(4) 34.6 

735 

'All planer Jre unsighted. r.y. rnd L Jre in orthorh&ic frJctfOM1 coordinrtes. 
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Tabk 3. Intermolecular contacts .Z 3.5 k 

aLlL??y ( 1) 8:_b_mc ( t ) 

n(l). . .0(l)' .__._ 3.475 

M(2). .0(l)'* 3.216 _.._. 

N(2). . .0(l)' 3.793 2.961 

M(2). . .N(l)' 3.043 _..__ 

M(2). . .N(l) 
III 

_--._ 3.112 

*A dash indicates ChO distance is greater than 3.5 i. Romdn nlPera1 

subrcrtptr denote the following equivalent porit~onr relative to the reference 

mlecule et x. y. r. 

I -0.5 + x. 1.5 - y. 1 - I 

II 1 *x. y. L 

111 0.5 ' x. 1.5 - y, 1 - z 

There is H-bonding in both isomers. Intermolecular 
contacts ~3.5 A are given in Table 3. Because of the 
different positions of the terminal NH, groups of the 
hydrazone, the H-bonding is different in the two com- 
pounds. For both isomers, molecules are linked by H- 
bonds roughly parallel to the a axis. In the a-isomer an 
H bond is found between N(2)-H(I) N(l)‘. (Table 3 
for meaning of superscripts.) The H(I)_N(l)’ distance is 
2.27 A. In the /&isomer there is quite clearly an in- 
tramolecular H-bond, N(Z)_H( I) . . . o(I). Atom H(I) is 
in a position which brings it to a minimum contact 
distance with O(l) (2.13 A). There is also a N(2)_ 
H(2). O(I)” intermolecular H-bond. In this the H(2)- 
o(l) distance is 2.25 A. 

Computer generated ” packing diagrams are shown in 
Figs. 4 and 5. H-bonds are indicated by dashed lines. 
Other than these H-bonded contacts, none of the other 
short intermolecular contacts in Table 3, all of which 
involve N(l), N(2) or o(l) is believed to indicate H- 
bonding or to have any important effect on the packing 
or crystal structure. 

NUR and srructure 
“C-NMR data for 1 and 2 are presented in Table 4. 

The only significant differences in C resonaes were 
displayed by C-3 and C-4. The t6.08 ppm resonance 
difference (A6 = S(l)- 6(2) seen for C-3 can not be 
explained as a simple syn + anri change. This was 

Fig. 4. Computer-generated packing diagram for a-hydrazone I. Hydrogen bonds are indicated by dashed liner. 
Small circks denote nitrogen atoms; large circles denote oxygen atoms. 

Fig. 5. Computer-generated packing diagram for fl-hyti 2. Hydraen bonds are indicated by dashed lines 
Small circles denote nitrogen atoms; large circles denote oxygen aIoms. 
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Tabk 4. “C-NMR chemical shifts’. assignments and dit?erences (A56) for hydrazcmrs of camphocquinow 

,&:"'2 &N,N,i; ~6 ) &‘-“’ &,yM;2 M 

._ 
CJrbon I w=rR 

I 
2 I 

anti _ _ I SY” 
1 

1 57.9a (I) 58.15 (I) ’ 
.-- .__eP_ 

-3.17 ’ 56.22 (I) 59.62 (I: : -3.43 

0 

9 

10 

11 

12 

204.52 (I) 

150.35 (I) 

44.07 (d) 

23.52 (t) 

31.36 (t) 

45.63 (I) 

18.02 (9) 

20.42 (9) 

9.01 (9) 

203.59 (I) I r0.93 ’ 
144.27 (I) j -6.06 

so.35 (d) -5.40 

25.68 (t: -2.16 1 
30.19 (t) *I.17 

46.97 (I) ; -1.34 

18.49 (9) , -0.47 

20.42 (q) 0.00 i 

8.72 (a) l o.29 
I _____ -____ a 

I me--- _____ 

204.cil (I) 

143.80 :s) 

X.7@ (a) 

25.56 (t) 

33.01 (t) 

45.34 (I) 

20.36 :G) 

17.93 to: 

8.63 (qj 

45.75 (c) 

45.75 (c) 

196.89 (s; ; r7.11 

142.71 (I; l :.39 

53.66 :I) -2.79 

26.'7 :t) I 
-3.6: 

3c.30 ::) -3.29 

45.51 (I) ’ -0.23 

:9.86 19: l c.40 

i8.36 ic) ! -0.46 

9.25 :c) j -0.42 

48.:6 (4) : -2.43 

48.i8 io; -2.43 

1 Measured tn CDC13 at 25.0 MHz. calibrated VI COC13 (77.05 pp) and reported in ops downfield fron W. 

b - Convent!onal nvnbcrlng system. 

c H,N-Otwthylhydrazones were preo4red by reaction of ( -:-cem3horquinone wltP ~,)(-dimet~y:hy~r~z(r.F. :he 

dfmethylhydrazone was isolated as a viscous oil conte(nlrg a ca 2:l n txture of on - :::qn isomers (cete-ml-ee by WR) 

uarming the mfrture in COC13 to E 60' Ca.JSed the rp iswer to cove-t rlmst ent'rely to c-r:. 

deduced from the reported C-2 resonanccs’2 of the syn 
and anti oximes of bicyclo[2.?.I)heptan-2-one. 
resonances which occur at 167.4 ppm and 166.3 ppm and 
yield only a I.1 ppm resonance difference. We attribute 
the large ;5S(= * 6.08) for C-3 to a lessening of the 
stereoelectronic demand on C-3 by C-2 in 2 due to 
intramolecular H-bonding, which is present in 2, but not 
in 1. That this is reasonable can be inferred from “C- 
NMR data for the ryn and anti N,N-dimethylhydrazones 
of camphorquinone (Table 4). which showed a S for 
C-3 of only I.1 ppm. The -2.48ppm AS for C-4 of 1 and 
2 (Table 4) is attributed to a y-gauche shielding effect in 
1 due to the steric crowding of C-4 by the -NH, group. A 
similar, but slightly smaller effect is seen in the cor- 
responding N,N-dimethylhydrazones. 

The ‘H-NMR spectrum of pure 1 at IO0 MHz in CDCI, 
at 38” showed three singlets (9H: 0.86, 1.00 and 
1.02 ppm). which were assigned to the three Me groups: a 
multiplet (4H: 1.2-2.2 ppm); a doublet (IH: 2.80 ppm, 
J = 3.7 Hz), which was assigned to H-4 and a broad 
singlet at 6.35 ppm (intermolecular H-bonding). Upon 
heating the NMR sample to 5V for a few minutes, the 
spectrum of 1 displayed three new peaks. which pcr- 
sisted after cooling the KMR tube to 30”. These three 
new peaks appeared as two singlets (0.94 and 0.97 ppm) 
and a doublet (2.48 ppm, J = 3.7 Hz) and were attributed 
to the presence of the fl-hydrazone (2). This assignment 
was confirmed by examining the ‘H-NMR spectrum of 
pure 2 at IOOMHz in CDCI, at 34”. a spectrum which 
showed three singlets (9H: 0.86. 0.94.0.97 ppm) assigned 
to the three .Me groups, a multiplet (451: 1.2-2.2 ppm). a 
doublet (IH: 2.48 ppm. J = 3.7 Hz) which was assigned to 
H-4 and a broad singlet at 7.95 ppm (intramolecular H- 
bonding). The ratio of I:2 was CO. 2: I in the heated 
NMR tube. again confirming that 1 is more stable ther- 

modynamically. The same equilibration rates could be 
seen in the “C-NMR spectrum as well. A 3: I mixture of 
1: 2 was exhibited in the “C-NMR spectrum at So” after 
I6 hr of data accumulation. 

Chiropticof properties 
The absolute configurations of hydrazones 1 and 2 may 

be traced to that of (+)-camphor.” from which their 
precursor, (-)_bomane-2,Mione. was prepared by ScO? 
oxidation.” CD data for the a-hydrazone (1) and /3- 
hydrazone (2) may be found in Table i; and in Fig. 6. 
Unlike (-)-camphorquinonc’ (Table 5). for which much 
experimental and theoretical work has been done relating 
the CE sign of its long wavelength transition to dione 
skew angle and other features. the long wavelength CE’s 
of 1 and 2 are both negative. It would appear, therefore, 
that the CE sign for the long wavelength transitions of 
hydrazones 1 and 2, CD run in the solid phase. cannot be 
related directly to the absolute helicity (P) of the 
chromophore. helicity determined by X-ray crystallo- 
graphy. However, consistent with the CD studies of 
(-)-camphorquinone,’ the hydrocarbon solution CD 
spectra of 1 and 2 exhibit long wavelength CE’s opposite 
in sign to those in the solid phase CD spectra. Interes- 
tingly, there is also a pronounced solvent effect on the 
long wavelength CE signs of 1 and 2 (cf Fig. 6 and Table 
5) but not on the shorter wavelength transitions. whose 
CE signs remain solvent invariant. A similar solvent- 
dependent long wavelength CE sign change occurs with 
the hydrazones of both (-j-cpicamphor and (+)-camphor. 
It is presently unclear whether the observed solvent- 
induced changes are due to orientation effects 
about the N-N bond. Presumably. the f3-hydrazone (2) 
with its intramolecular N-H.. O=C H-bond should be 
less susceptible to solvent-induced reorientation about 
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T&k 5. Circular dichroism aad UV specti data for hydrazones of (-kamphorquinonc. (+tcamPhOr and f-b 
epicamphor iL,(At). A&(r) 

n-HCptJl!e CF$H~OH KG 

365'h (*0.23). 340'" (47) 343 (-0.39). 33Osh (4500) 
260sh 368 (-4.0) (*2.9). 263 (7470) 276 (tE.3). 284 (13.ooo) 

238 (*6 . 7) . 248'" (6270) t44sh (6,600) 

213 (-3.2) 217 (-5.4) 

382 (*0.37), 377 (314) 367 (eO.33). 364 (280) 

292 (tS.6). 293 (10,060) 290 (M.8). 292 (6700) 

239 (*1.5) 246 (t2.6) 

213 (-7.4) 216 (-13.1) 

222 (t6.7). 228 (4880) 230 (-2.2). 226 (2880) 

207 (10.73). 205 (4320) 

228 (-3.8) 228 (4280) 230 (*5.7). 228 (993) 

210 (7950) 213 (-1.8). 203 (3680) 

394 (-0.32) 

346 (-0.38) 

267 (*0.41) 

335 (*0.42)' 335 (39? 

243 (*7.3)- 

483 (-0.48). 484 (36)' 456 (-o.(4), 454 (300) 468 (*0.18) 

293 (+0.36). 280 (24) 285 (*O 41) . . 27Zsh (480) 308 (*0.20) 
* 

234 (-0.911 249 r-0 441. 7511 famll 

Best K8r d(SC frm f(ve p~~pwrtlons; 411 discs 
J KBr dle rt 16,ooO lb In foll 

VI essentlrlly the sue results. 

poder (dmsfty UEr = 2.75 g a- T 
Iq 

The discs were orewed by corprcsslon In 
fntfvte l xlng of the sxqle h 1.5 q) rnd 200 q of Mrs)uu swctrogrrde r;tlr f 

25.C). This gave 4 trrnslucmt disc of 17 x 10m3 tn.thtckness (pthimgth). 

Run In rbsolute ethanol. OItr fra rafl5. 

04t4 fra ref. 4. 

Run In mthylcyclolwxrne 
&lt vxfu 
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Fig. 6. Ciccular dichroirm spectra of (-~&nane-2.Mi0ne a-hydmxont (I) (-) and fi-hydrazone (2) (-----) NII 
in pdioxane solvent al rOOm lempenlure. 

the N-N bond. nevertheless, the long wavelength CE 
signs of 2 do vary with changing solvent (cf Table 5 and 
Fii. 6). 

It is premature to asu>ciate the observed chiroptical 
properties of the hydrazones of Table 5 with any specific 
structural features. We note one general feature of con- 
jugated hydrazones of 1 and 2 and the conjugated 
oxime” of Tabk 5: the consistently positive CE’s near 
290 nm correlate well with the also consistently positive 
short wavelength (A - 230 nm. R-band) CE’s of a$- 
unsaturated ketones derived from bicyclo[ZZl] heptan- 
2-ones of the same absolute configuration.” Presumably, 
in all cases the CE sign-govemiag contributions to these 
bands are derived from ring-atom contributions, prob 
ably of the allylic axial type.” The exact assignment of 
the electronic transition giving rise to the relevant CD 
CE’s of 1 and 2 is now known, but it is probably mainly 
of the n + n* type, as has been suggestedpreviously for 
the camphorquinone oxime of Table 5’ and a$-un- 
saturated ketones.‘” 

CowcUStowS 
The X-ray crystallographic structure of u-hydraxonc 

(1) contirms the location of the hydrazone moiety and 
reveals its anti (0contiguration (Fig. 2). Similarly. the 
location and configuration of the hydrazone in the /3- 
isomer (2) are revealed as syn (Z)-(Fig. 3). The data also 
show interplanar torsion angks of +4.1’ and +2.f, for 
the C=CJ and C=N-N chromophores of 1 and 2 ns- 
pectively. The CD spectra of 1 and 2 run in KBr discs 
show an inverse correlation of their long wavelength (-) 
CE signs with the P-helocity chromophore. unlike cam- 
phorquincne. Considerable variation with solvent is 

found in the CD spectra. The shorter wavelength CD 
transitions near 29onm are consistently positive and 
appear to be determined by allylic axial groups (bonds). 

Gtncrol. CD spectra were recorded on a JASCO J-KM in- 
strument quipped with a pholoelastic moduhlor. UV data were 
determined on a Gary 219 spectropholwler. Ml rotations were 
delcnnined in CHCI,. unkss otherwise indicated, cm a PC&I+ 
Elmer model 141 polarimctcr. NMR spectra were measured on a 
JEOL FX-100 instrument in CJXI,. unless othenvise indicated. 
and reported in 8 @pm) dowrdkld from TMS. Au m.p.s were 
determined on a lbxnas-Hoover capillary apparatw end are 
uncorrected. Spectral data were obtained using speclrrd grade 
solvenls. 

(+b2-+Bononc 3-hydroronr. The a- and /3-hydrazomJ were 
prqred by reaction of t-l-2. 34MWledione. [alo” = -IW 
(~0.67). with hydruinc followed by separaliA1 by the pre- 
vioully reported procedure.’ The a-isoomer was rccryslaUi2.4 
from CHCI, IO give witite wedge-shaped crystals. m.p. 202~2W 
(dcc) Cl.’ m.p. 2W]; the fl-iromcr was recrystallized from 
n-hexaix lo give yellowish-white needk. m.p. IOI-I0fllil.rm.p. 
IOfl. The pure 0.hydrazone h&l [a]?= +?uI.Y (co.11). [lit? 
(a]“- +287 4’ tcl.2. CHCIi]; UV and CD data in Tabk 5: and 
H-NMR. 6: O.%(s. 3H). l.oO(s. 3H). 1.02(s. 3H), 1.2-2.2tm.lH). 

2.BO(d. 1H.J = 3.7Hr).6.35Qxr. 1Wppm;“C-NMRdauinTabk 
4. Tk pure p-bydrazonc had [all = ~96.19” (cO.10). [Vl.‘[o]r, = 
+23l.f(cl.2.CHCI,)];CV~CDbtrinTaMe~;lad ‘H-NMR. 
6:0.86(~.3H).0.94(~.3H).0.97(~.3H). 1.2-2.2(m.IH).2.UI(d. IH. 
J - 3.7 Hz). 7% (lx I. IH) ppm; "C-NMR &&a in Table 4. 

cryJlabgmphic srudier 
For crysblbgmpk studies. crystals d the a-hydrazone (I) 

bd promincnl fxce~ (010) bounded by (110) and (011). The 
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crystal chosen for mIensiIy measuremenIs was mounted on a 
glass Fiber. YclkGsh-white crystals of the f3-isomer (2) were 
needles with Ihe nccdk axis parallel IO a. bounded by (010) and 
(110). The crysral used for intensiry measurements was a frag 
men1 cleaved from the end of one of [hex needles. The cleavage 
face could be approximakd as (IflO) The cryslal was mounted in 
a glass capillary. 

Crystal data for both compounds arc IisIcd in Tabk 6. Also 
IisIed are some of the experimental conditions used in [he in- 
IensiIy mcasuremenIs. The cell dimensions were ohtained by 
minimizing lhc differences bcrween observed and calculated sef- 
Img angles for 25 reflccIions. Cu K, (A = I Sdl?R Al radiation. 
monochromarircd by pyrolilk graphite was used throughout the 
srudy. 

For boIh compounds. Ihe choice of the space group was 
uniquely determined by the sysIemaIic absences. 

All daIa were measured on an Enaf-Nonius CALM diffrac- 
Iomefer a1 Brookhaven National Laboratory. The data in each 
case were colkcred by the 8-28 scan meIM the intensity scale 
being monirorcd by remeasuring a group of four reflections 
periodically. No evidence of crystal decomposirion or machine 
inslabilily was noted. 

Absorption corrccbons were applied using a Gaussian in- 
IegraIion mcrhod (8 x 8 x 6 and Rx 4 x 6 grids for I and 2 respcc- 
Iivcly). FquivaknI refkcIions were aver-&. ~l~clurc factors 
were calculated in Ihe usual way, including correction for pa&l 
polariraIion of the incklen1 beam due IO the use of a mono 
chromator 

S~rarc~un sulurion ond refintmmr 
The ~INC~~~CS were boIh solved by use of Ihe Iangcnl 

refinement procedure. using Ihc MULTAN package.” The 
program was allowed IO choose us own origin defining 
refkcIions. enantiomorph defining reflccticm. and sIarting set. the 

lasl containing Iwo general hkl relkcltins and one special 
refkcrion (phase limikd IO 0 or NW). In each case the s&bon 
with highest combined figure of merit was used 10 gcnerafe an 
E-map from which the posirions of all 13 non-H atoms could be 
delcrmirkd. 

lnirial calculalions were performed using programs described 
in the CRYSNET manual of Brookhaven NaIional LBborBIory.” 
The suuctures were refined using [he CRYISQ link of [he 
XRAY72 sysIcm.?D The atomic scattering factors for non-H 
aloms were Ihe values of Cromcr and Waberr’ and the atomic 
scaltering factors for hydrogen were obtained from the cal- 
culaIions of Srcwar~ t1 41.” No anomalous dispersion corrections 
were applied. The quantity minimized in kast-squares cakularions 
was Iw(IFd - jF,I?). There was no evidence of secondary exIinc- 
lion. 

o-lsomtr. Refinement of all non-H atoms with isotropic Iemp 
factors gave R: = 0.14. Conversion IO anisootropic temp. factors 
followed by IWO cycles of full-matrix kas1 squares rehncment 
reduced RI IO 0.09. A difference electron density synthesis gave 
acceptabk positions for all of the H atoms. The H atoms were 
included in all subsequeni refinements. but their positions and 
isofropk Iemp factors (U - 0.050,) were not allowed IO vary. For 
lhe final least-squares refincmenls. dala were weighted by I/or: 
where UF = 0.600 - 0.015 )Fcj for F 5 15.0. and or = 0.338 + 0.0082 
)Fd for F> 15.0. Least-squares rehmment converged with R: - 
4Fc.j - )F.cr-EjFrJ and Rr - (Z(w:Fd - )F,))r/EwjFd’l”’ qua] IO 
0.052 and 0.060 respectively for II28 reflection considered 
observed (i.e. having I z 3q). The error in an observation of unir 
weight. defined as (Z(w)Fd - ‘F,))‘!(& - h’,))“‘. where No is the 
number of obscrvaikns and N, is Ihe number of variabks. was 
1.08. 

f&lsomcr. IsoIropic refinement of all non-H aromspvt R, = 0.17. 
Conversion IO anisotropk Icmp factors followed by IWO cycles 
of full-matrix least squares refinemen reduced RI lo 0.1 I A 
difference electron density synrhesis gave accepiabk positions 

Table 6. CrysIal daIa and expcrirnenIal condirions for isomers of (-t2.3.borna~ )_hydrarone. C,d,,Nfl 

a (A) 

b (A) 

c IA) 

Volulc (A3) 

DC (Y cn-3) 
II 

I (q c.-3; 

n (Daltons) 

2 

Crystal Sire Ifml 

Systemtic Absences 

space Group 

y (Cu K. rrdtrtlon) (cm-‘) 
scan Rate (‘lain) 

Scan usnqc (0) 

n)x. sfn WA 

Rcflectlonr Mearured 

Total unique Reflections 

Reflection, with I > 30, 

o-tsar (!, 

6.832(l) 

11.526(3) 

12.883(Z) 

1014 

1.18 

1.15(2) 

180.2 

b 

0.30 x 0.16 x 0.32 
In dfrectton of a, b. c 
tcspectIvely 

h00 (h odd) 

:: : ::I I 

P212121 

13.60 

0.83 to 3.33. 

1.00 l 0.14 trne 

0.63 (IS* In 8) 

2595 

1236 

1128 

B-lsmrr ($1 

7.313(l) 

11.214(2) 

12.681(l) 

1040 

1.15 

1.17(2) 

180.2 

4 

0.43 I 0.31 x 0.13 
1n direction of a. b. c 

rcspec t ively 

SWV 

P212121 

13.25 

Same 

SW-Z 

Saw 

2007 

1258 

E43 

*Merr~rcd by flotatfon fn aqueous ztnc nitrate solutfon. 
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Tabk 7. Fractional coordinates (X I@) for non-hydrqpen atoms of I derived from the least-squares refinement 

x/a y/b I/C 

O(l) 5633( 3) 849?(2) 34x3(2) 

H(1) l?Ol( 4) 79?4(2) 4111(l) 

H(2) -l?O( 4) ?820(3) 4365(2) 

C(1) 393?( 4) 94?3(3) 196?(2) 

C(2) 4124( 4) 815?(2) ?949(2) 

C(3) 2096( 4) AOR9(2) 3749(l) 

C(4) 816( 4) 9071(2) 2428(?) 

C(5) 899( 4) 10335(3) 7633(Z) 

C(6) 3050( 5) 1063?(3) 235?(3) 

C(7) 2128( 4) @aw3) 1457(z) 

C(8) 2494( 6) ?674(3) lies(2) 

C(9) 1349( 5) 9522(3) 505(Z) 

C(10) 57E2( 5) 95%(4) 1335(3) 

Table 8. Fractional coordinates fx 103 for non-hydrogen atoms of 2 derived from the least-squares refinement 

X/b y/b Z/C 

O(1) 101?3( 6) 6455(4) 6514(O) 

M(l) 63t38( 7) ?311(5) 5900(O) 

H(2) ?59?( 8) ??32(5) 5213(Q) 

C(1) M99( 9) 5480(a) ?935(5) 

C(2) 8?25( 9) 6753(5) 69?1(5) 

C(3) 6913( 7) 6680(6) 6683(O) 

C(4) 564?( 9) 6141(6) ?50?(5) 

C(5) S551(12) 4?%(E) 7228(a) 

C(6) 7447(14) 4354(a) ?481(6) 

C(7) 6eV( 9) 6139(6) 849?(5) 

C(6) ?428(11) ?3?6(?) twl?5(5) 

C(9) 602?(11) 544?(?) 9413(S) 

WO) 10209(11) 5184(8) 8541(b) 

for ten of the sixteen H atoms. These atoms were inch&d in the 
next refinement with fixed positions and temperatures factors 
(U - 0.0.50). After two cycles of least square refinement. RI was 
reduced to O.oB. A second difference Fourier synthesis gave 
reasonabk positions for three of the remaining H atoms. These 
peaks appeared at reasonable distances from C(9). but the bond 
angles were unacccptabk. ‘Ihereforc the positions of these and 
the other three missing methyl H atoms were calculated. All 
sixteen H atoms were included in subsequent refinements with 
fixed positions and temp factors. For the final least-square 
refinements. data were weighted by Ilorr where nr = 
0.103 -0.045 IF4 for Fs30. and or = O.tMO-0.212 IFd for F> 36 
Least-square refmcment converged with R, and R: quaJ to 0.072 
and 0.085 respectively. The error in an observation of unit weight 
was 1.06 for 43 relkctions with 1 z 301. 

For both compounds refinement was terminated when the 
shifts in all parameters were less than onchalf of their estimated 
standard deviations. Final difference Fourier maps showed only 
very small peaks of no physical sigRificpnce. The final positionat 
parameters for the non-H atoms are given in Tables 7 and 8. The 
thermal parameters for non-H atoms. the positional parameters 
for the H atoms. the root-mean-square components of thermal 
displacement along the principal axes of the thermal ellipsoids 
and the observed and calculated structure factors are availabk as 
supplementary material. 
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