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Abistmt-The violation of Brewster’s rule in (+)(lR,8R)-trans-bicyclo[6.l.O]nonane (3) has prompted us 
to recontkn the absolute configuration by the following route: (- xl)-rrans-cyclooctme (5) + (+ )( l&8.!+ 
rr~-9.9dibromobi~clo[6.lO]-nona~ (13) 4 ( +)(lR.8R)-3. This assignment establishes the stereo- 
specifii cis addition of diazomethane to the strained okfm (- )(R)-S giving (- )(I R,8S)-trans-9,lOdia- 
bicyclo[6.3.0]-undec-9cne (6) ratha than (lS,8S)-ck isomer (9) Similar stereospczifii 1,3dipolar addition 
of phenylazidc to (- )-5 produces (+ )(lS$S)-trans-1 l-phenyl-9,191 I-triazabicyclo[6.3.O)undec-9-ene 
(22), whose photolysis gives (+)(lS,8S)-truns-9-p41enylazabicyclo[6.l.O]nonane (4). Stereochemical 
studies have bwt carried out on the decomposition of bicyclic A’-pyrazaline (6 and cis isomer 9) to cyclo- 
prom (3 and cis isomer 10) or that of A2-1,2,3-triazoline (22 and cis isomer 23) to aziridine (4 and cis 
isomer 24), reqcctiwly. 

INTRODUCTION of substituents X and Y in 1,2 position of a cyclopropane ring gives 
rise to two diastereomeric pairs of enantiomers and the abkolute configuration of 
WJM (1)’ and cis isomers (2)2 has been established. In continuation of studies on the 
s~r~ch~ist~ of cyclopropanes,2” we now wish to report the absoIute collation 
of trans-bicyclo[tkl.O]-nonane (3) and its 9-phenylaza analogue (4). This paper also 
deals with the stereochemistry of the 1,3dipolar addition ofdiazomethane or phenyl- 
azide to @NW and cis-cyclocxtene as well as the decomposition of resulting bicyclic 
A’pyrazolines or A2-1,2,3-triazolines to cyclopropanes or aziridines, respectively. 

x y 

w 
(-)-la: X = Y = Me” (+ )-2a: X = Ph. Y = COOH2” 

(-)-Ib: X = Y 1 Phlb (+b2b: X=Ph.Y=Me2’ 
(-)-lr: X = Y = COOH‘c (+)-2~: X = Me, Y = COOH’**2’ 
(-) ld: X = Ph, Y = COOH*C (+)-2d: X = Me,Y = COMe2& (+)-3: 2 = CH, 
(-)A: X = Me, Y = Ph” (-)-‘zc: X, Y = --@H2),C0-2C (+)a: 2 = N-Ph 
I-)-If: X = Me Y = COOH” 
(-)-lg: X = Mc, Y = Et” 

The absolute configuration of trans-bicycZo[d 1 .OJnonane 
Corey and Shulman reported that 1,3dipolar addition of diazomethane to (- )- 

truns-cyclooctene (5) proceeded stereospecifically to give trans-fused A’-pyrazoline 
(-)-6 and that the photolysis of (- )d afforded (+ ~tr~~ic~lo[6.l.O]non~e 3 
stereoselectively. Based on the (R) configuration of trrms-cycloolefm (-)-5,. the 
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one of trans-cyclopropane 3 was deduced to be (+ )( lR, 8R). This assignment forms a 
marked exception to the Brewster’s rule, as the predicted laevorotation ([Ml,, = 
(-)(X-C)(Y--C)) of the (lR,2R)-trans isomer 1 has been the case in all monocyclic 
compounds ever examined. Although this discrepancy might be attributed to the 
rigid conformation of the bicyclic system 3, the steric course leading to (+)(lRJR) 
assignment seemed to require reconsideration from two points of view. 

(-$5 (-XlR.8S)d 

x 

(+XlR,8R)-3 

7 

First, the assumed cis adQition of the 1,3dipole5 must be established beyond doubt 
with respect to so much strained dipolarophile 5. If the stepwise addition is initiated by 
electrophilic attack of diazomethane on 5, the resulting zwitter ion (7) can give either 
fruns-pyrazoline 6 (retention at C-l) or cis isomer 9 (inversion at C-l) according to the 
relative rates of cyclization and strain releasing rotation.* The second problem is the 
stereochemistry involved in the conversion of A’-pyrazoline to cyclopropane. A 
priori, trans-cyclopropane 3 can be produced either from trans-fused 6 (retention at 
C-8) or &-fused 9 (inversion at C-8). In summary there is no evidence to rule out the 
possible steric course leading to the opposite assignment : (-)(R)-5 + (-)(1&8S)-9 + 
(+ )(lS@)-3.7 

We have tried to prepare the novel cis-pyrazoline 9 from cis-cyclooctene @I). 
A mixture of 8 and diazomethane in ether was left standing for twelve days at room 
temperature in a pressure bottle. Fractional distillation gave 9 as a colourless oil 
in as low as 7.6% yield. This sample was shown to be A’-pyrazoline by IR (only 
N=N stretching at 1555 cm- ’ and no N-H stretching frequency) and by elemental 
analyses, but its IR and NMR spectra were clearly different from those of 6 obtained 
from trans+lefin 5 (Experimental). Thus both 6 and 9 were suficiently pure and 
no contamination with each other was detected. Further difference was observed 
in their photochemical behaviour. Irradiation of 9 in hexane with Pyrex-filtered 
light gave cis-bicyclo[6.1.O]nonane (10) quantitatively, whereas 6 gave 96% of 
trans-cyclopropane 3 and cis isomer 10 (4%). Although these spectral data and photo- 
chemical behaviours are already supporting the stereospecific cis addition of diazo- 
methane to trarzs- and cis-cyclooctene (5 and 8) to give tram- and cis-pyrazoline 
(6 and 9), respectively, final evidence has been obtained by the alternative synthesis 
of (+)(lR,8R)-3. 

l Tk 2+2 cycloaddition of benzyne with trmssyclooctene gives 1% of cis-l,Zhexamethylene- 
benzocyclobutene in addition to tram isomer (45x), see Ref 6. 

t Corey d al. assigned tram-configuration 6 for the (-)-pyramline on the basis of NMR analysis, 
see Ref 3. 
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The optically active trunscyclooctene 5 was prepared by means of Whitham’s 
stereospecific olefm synthesis.’ The trunscyclooctane-1,2diol (+ )(lS,2S)-11, [ajD 
+17-O” (EtOH) or loaD/, optical purity,’ was converted to benzaldehyde acetal 
(+ )-12, whose treatment with n-butylli~ium gave (- )(R)-5, [a]* - 330” (CH,Cl,) 
or 78% optical purity. Treatment of (-)-5 with bromoform and potassium t-butoxide 
brought about the stereo-specific cis addition of dibromocarbene to give (+)&S&S)- 
truns-9,9dibromobicyclo[6.l.O]nonane (13), [a& + 34” (CHCl,),* which was 
reduced with sodium in liquid ammonia to afford (+)(lR,IW)-3, [alo +20” &Xl, 
or CHCl,). Thus the violation of Brewster’s rule in trans-bicyclo[b,l.O]nonane 3, 
which is in sharp contrast to monocyclic rransdisubstituted cyclopropanes 1, has 
been firmly establish~.~ 

(---Jo1 - (-JJ_Hph+w-5- f-Jpr,_,,_, 
(+)_I1 (+M2 (+)-13 

The stereochemistry involved in the decomposition of monocyclic and polycyclic 
A’-pyrazoline derivatives is currently a subject of considerable interest.8 Crawford 
et al. have studied the decomposition of trans- and cis-3,4- or 3,5dimethyld’- 
pyrazolines to trans- and cis-1,2dimethylcyclopropane and interpreted the thermo- 
lytic results in terms of antisy~etric lowest singlet trimethylene species.’ Direct 
photolysis gives floppy excited singlet trimethylene, whereas sensitized photolysis 
proceeds oiu triplet state of trimethylene. *’ These three modes of decomposition have 
now been examined with respect to the bicyclic A’-pyrazoline (6 and 9) and the results 
were summarized in Table 1. 

TABLE 1, DECOMFWTION OF 3,4-~ouwmfu LEMI-A’-PYMZOLIME 

Conditions Pyraxoline -Product& %’ V 
3 (trans) to (cis) OMii 

Tbermolysis* 6 (tram) 100 0 0 
9 (cis) 5 47 49 

Direct photo1 ysis’ 6 (cram) 96 4 0 
9 (ciq 0 100 0 

Sensitized photo@& 6 (f?ans) 50 SO 0 
9 (eis) 7 93 0 

” Yields were estimated on GLC (PEG-AgNOs, 433 Hz, TO). 
* Decomposition was conducted in sample evaporation chamber (310”) of GLC. 
’ Photolysis of 0047 hi hexane solution with Pyrex filtered high pressure Hg arc 
’ Pbotolysis of 0021 M benzene solution containing 0.80 M benxopbenons by means of 

366 nm light. 
’ The mixtute of methylenecyclooctane (33%) and cis-l-metbyI-cyclooctene (16%). 

*, [MJo (found) was +%” and [MJ, (cc&d) was + 300’. 
i Cbetnical corn&ion of tranr-bicyclo[n.l.Ojalkanc (n = 10 and 5) with 3 (n = 6) is now progressing 

in our laboratory. 
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The direct photolysis of 6 and 9 produced cyclopropanes (3 and 10) almost retaining 
the configuration of starting materials. Similar tendency has beea~ observed in the 
photolysis of isomeric 3,4dimethyl-3-methoxycarbonyl-A’-pyrazoline by Van 
Auken and Rinehart.’ ’ Such a specifiiity was less remarkable in the benzophenone 
sensitized photolysis to indicate the involvement of triplet trimethylene diradical, 
which can freely rotate prior to ring closure. 

The thermolysis exhibited the notable feature of these bicyclic pymlines as com- 
pared with the monocyclic ones. In the thermolysis of tram- and cis3,4dimethyl-A’- 
pyrazoline (Ma and 18a) the isomeric 1,2dimethylcyclopropane (160 ad XBa) 
was formed with no specificity, while 2-methyl-2-butene (17a and 21a) formation 
was highly specific. Crawford explained these results by assuming the intermediacy 
of two different antisymmetric singlet trimethylene species: 1% and 19a.* 

Simple application of this mechanism does not account for our results. Thus 
trm.dused 6 (EM) might give rise to trimethylene 15b favourably affording cis-l- 
methylcyclooctene (17b), whereas cis-fbsed 9 (d8b) might produce more crowded 
19b leading to strained trans-1-methylcyclooctene (Zlb). Moreover each antisymmetric 
species 1Sb and 19b should be able to yield both cyclopropanes, trans-fused 3 (d6b) 
and c&fused 10 (a). Although the discrepancy between the prediction and the 
results (Table 1) can not be clearly explained as yet, the predominant retention of 
configuration found in 9,1Odiazabicyclo[6.3.0]undec-9-e system to bicyclo- 
[6.1 .O]nonane should be emphasized. 

Rl 
18 

(CD,H)MC H - X R, R, 
I 

1s 

(CD,H)Me RI 

X - Rl H 
21 

17 

-A 
R, R, 

20 

a: RI = R2 = Me, b: RI, R, - -(CH,),-. 

l Both 1Sm and l!b can cycliac io a coorotatory manou to 16a or Zors but hydrogm migration reaction 
of 1%-d, can only giw trcuu-2-methyl-2-butene-l,l_dl (17ad2) and tbat ol 19adl can only 8in cis-2- 
methyl-2-butene-l,ldd, (218-d& see Ret 9b. 
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The absolute conj?gurarioa ~trans-9-phenylazabicyclo[6.1.O]-noMne 
As the cis nature of 1,3dipolar addition to tronscyclo-octene 5 was established 

in the case of diazomethane, the reaction of phenylazide as another dipole was 
examined in order to determine the absolute configuration of trans-9-phenylam- 
bicyclo[6.l.O]nonane (4). The addition of phenylaxide to (-)(R)-5, [a]u - 360” 
(CH,Cl,) or 85% optical purity, took place instantly to give trans-triazoline (+ )(lS,SS)- 
22 .[ajr, + 135” (CHCl,), whose photolysis followed by chromatography on silica 
gel afforded the desired aziridine 4 in optically active form, [a]u + 117” (CHCI,). 
Since the trmts configuration of triazoline 22 was shown as follows, the absolute 
configuration (lS.85) of (+ )4 was now established. 

PhN, 

8 
I 

23 Ph 

s 

0 N-Ph 

(+W’ 

0 

N-Ph 

24 

The diastereomeric cis-triazoline 23 was obtained by allowing to stand a mixture 
of ci.+cyclooctene 8 and phenylazide for two months. The A’-1,2,3-triazoline structure 
of both 22 (m.p. 108-109°) and 23 (m.p. 885-89.5”) was supported by their spectral 
data and elemental analyses, and the comparison of their fR and NMR spectra 
clearly indicated the diastereomeric relationship between 22 and 23 as well as no 
contamination with each other. These data are consistent with the assigned trun.s 

Conditions Triazoline ,-Products, 0%. F 
4 (trans) u (cis) AniP 

Thermolysis’ 22 (trans) 63 18 5 
23 (cis) 11 67 22 

Direct photolysis’ 22 @rans) 63 8 4 
23 (cis) 2 94 3 

Sensitized photolysis? 22 (trmu) 54 28 3 
23 (cis) 10 73 8 

l Yields were estimated on GLC (HVSG, 178’. N, FID) and rest percentage products were 
not identified. 

* Cyclocctylideneaniline. 
’ hmposition was conducted iu sampk evaporation chamber (310”) of GLC 
’ Photolysis of M36 M benzene solutioo with Pyrex filtered high pressure Hg arc. 
* Photolysip of 0044 M benzene solution containing 087 hi triphmylamine by means of 

366 nm light. 
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and cis configuration for 22 and 23, respectively. Further supports were furnished 
by the decomposition reaction. 

In view of the recent publication by Scheiner et al. on the decomposition of AZ-1,2,3- 
triazolines,‘2 22 and 23 were subjected to thermolysis, direct photolysis and sensitized 
photolysis. The results are summarized in Table 2. 

Both the thermal and photochemical decomposition of bicyclic triau>lines gave 
aziridines in good yield, but much anil (cyclooctylideneaniline) formation was found 
in the thermolysis of cis-fused 23. Furthermore the high specificity found in the 
direct photolysis, i.e. 22 (tra) + 4 (tram) and 23 (cis) + 24 (cis), was less remarkable 
in triphenylamine sensitized photolysis. l Such a difference between direct and 
sensitized photolysis was observed in 1,5diphenyl4methyl-A2-1,2,3-triazoline 
system (25a and 2&),lZb and the Scheiner’s explanation based on the multiplicity of 
1,3diradical (26 and 29) would be applicable to the present observation as well. 

-NI 
- Ph_N . .‘., 

R2 
- 

RI Rz 

a: R1 = Ph, Rz = Me, b: R,, Rz = -(CH&- 
(2Sb~tZand28b~23). 

EXPERIMENTAL 

AU b.ps and m.ps are uncorrected. IR spectra were obtained in neat liquid film or as KBr pellets on a 
Shimadzu IR-27-G spectrophotometcr. NMR spectra weE taken in loD/, CCl. solns on a JEOL C-60-H 
spectrometer and chemical shifts are reported in d values relative to TMS as an internal standard Optical 
rotations were measured with a cell of 5 an length at room temp (20”). 

trans-9,10-Diaz&icycIo[6.3.O]toufec-9-ene (6). The reaction betwem transcyclooctene (10 g 9.1 mmoks) 
and diazomethanc (ca 19 g) in ether was performed according to the published procedure13 to give 6 
(0.91 g 66x), b.p. 62”pl mm; IR: 1550,1445, 1335,1285,1095,910,890 and 730 cm-‘; NMR: 6 080-2.30 
(m, 12H), 2.80 (m, 1Hb 3.60 (octet, lH), 3.85 (m, 1H) and 490 (octet, 1H). 

cis-9,10-Diazubicyclo[6.3.O]undec-9-ene (9) A mixture of cis-cyclooctenc (60 g 55 mmoles) and an 
ethcral soln of diazomethane (40 ml, cu 70 mmoles) waq sealed in a pressure bottle and left to stand for 
12 days at room temp. Distillation of the reaction mixtu= under reduced press gave 9 (0.58 g 7.6%). 
b.p. 59”pl mm; IR: 1555, 1470, 1450. 1350, 1265, 1160, 1095, 1015,96Q 915 and 745 cm-‘; NMR: d 150 
(m, 12H), 2.15-250 (m, lH), 3.92 (q. 1Hh 4.22 (m, 1H) and 453 (q, 1H) (Found: C, 7@8; H, 10.8; N, 18.1. 
CPHi6N2 requires: C, 710; H, 10.6; N, 18.4%). 

P~tolysis of A * -pyrazolines (6 and 9). A hexane soln (70 ml) of 6 (050 g 3.3 mmoles) in a Pyrex apparatus 
was irradiated by means of 300 W high press Hg arc for 19 hr, when the quantitative volume of N, gas was 
evolved The reaction mixture was distilltd to give trans-bicyclo[6.1.0]nonane (0.35 g 860/.), which was 
revealed on GLC to te contaminated by a small amount of cis isomer (4%) A hexane (50 ml) solo of 9 
(@30 g 20 mmoks) was irradiated as the same manna as above to give cis-bicyclo[6.l.O]nonane (@22 & 
9o”/.A which was free from trans isomer on GLC. 

l Irradiation of trant-aziridine 4 in the presenu of benzophenone or acttophenone causal complete 
isomerization of 4 to cis isomer 24. 
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(+)-22 (0.23 & 65x), m.p 110-l 15”. [a&, + 135 (c 0310, CHCI,). IR spectrum was superimposable. on that 
of the racunic sample (Found: C, 73.2; H, 8.2; N, 18.4. Calc for C,,H,,N,: C, 73.3; H, 8.4; N, 18.3%). 

(+ KlS,8S~trans-9-PhenylosabicycIo[6.l.O]non~e (4b A benzene (25 ml) soln of (+)-22 ([a&, + 135”. 
@21 g 092 mmole) was directly irradiated as described above and the photolysate was purifiai by column 
chromatography on silica fl (benzene-ether) to give (+)-4 (@lo g 53x), b.p 110”/2 mm, [a& + 117” 
(c 1.23,CHCI,);lR: l600,1495,146Q 1310,123Q 1210,117994q92Q760and695rm-‘;NMR:60~~~60 
(m, 14H) and 690 (m, 5H) (Found: C, 83.7; H, 9.6; N, 7-O. C,,H,,N requires: C, 83.5; H, 9.5; N. 7ffA). 

cis-9-Phenylozabicyclo[6.l.O]nonane (241 The direct photolysate of cis-triamline 23 was purified by 
column chromatography cm basic alumina (benzene-ether (5 :2)) to give a pure sample of 24, b.p. 99-loo”/ 
3 mm or m.p. 36-37”; IR: 1600,149s. 1275, 1224 1160,930,75Q 715,690 and 530 an-‘. NMR: 6 1.00-250 
(m, 14H) and 690 (m, 5H). (Found: C, 83.6; H, 9.4; N, 6.6. &H1pN requires: C, 83.5; H, 9.5; N, 7eA). 

Cycloocrylideneanilin A mixture of cyclooctanone (0.m g 16 mmoles), aniline (@15 g, 16 mmolea) 
and cone HCI (Ml ml) in tolucne (20 ml) was refluxed for 34 hr with continuous removal of water by 
Dean-StarL trap. Distillation gave the anik (@20 g SPA), b.p. 120’/1 mm; IR: 165Q 1605, 1500, 1280, 
75Oand7OOcm-‘. 
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