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Abstract-The pcrchlorocarbon, dod~hloropcntacyclo[S.3.O.O*~*.(r~*.(r~~), was converted 
to the corrcqmding hydrocarbon and endodicyclopcntadicn by reaction with lithium and t-butyl 
alcohol. Under varying conditions of this reaction several partially hydrogenolyzed caged compounds 
were isolated. Tbc unsymmetrical hydrocarbon, pencacyolo[5.3.0.(r~‘.(r~D.~~Bldecane, was pmparcd 
by two routes and was shown to bc different from the symmetrical hydrocarbon above. The mccha- 
nism of ring opening in the hydrogenolysis reaction has been examined and is believed to involve an 
incipient carbanion on a mcthylene bridge. Several dcrivativcs of the pachloroketone, dazachloro- 
pentacyclo[5.3.0.(r~“.(r~~.f)L~~~ecan-S-onc, wcrc prepared, including the mono- and dihydro-chloro- 
Carbons, the alcohol and hydrazones. 

INTRODUCTION 

SINCE the discovery of the caged dimer (I) of hexachlor~clo~ntadiene by Pring in 
1945, a considerable amount of work has been carried out on the structural 
elucidation, synthesis and chemistry of the pcntacyclo[S.3.0.~*“.05.‘.~.B]decane (II) 
system’ and the isomeric pentacyclo[5.3.0.01~*.63~0.0S~B]dene (III) system.6***W*8,s 

L l Fart I, J. Org. Chem. 27.2704 (1962); * Taken in part from the Ph.D. Thesis of W. L. Dilling, 
Purdue University, 1962; for a preliminary communication of part of the work reported hen s# 

part I. 
* Hooker Chemical Corporation Research Assistant, 1958-1959; National Science Foundation 

Cooperative Fclfow, 1959-1%2; author to whom correspondence should be directed at the Dow 
chemical Company. 

* H. J. Rims, Rec. Tran. Chim. 66,455 (1946). 
‘a J. S. Newcomer and E. T. McBcc, J. Amrr. C&em. Sot. 71,946,952 (1949); ’ E. E. Gilbert and 

S. L. Giolito, U.S. Patents 2,616,82S and 2616,928 (1952); Chem. Abstr. 47,2424 (1953); S&7765 
(1960); l E. E. Gilbert, U.S. Patent 2671,043 (1954); Chum. Abstr. 48, 10290 (1954); $4, 7965 
(1960); 4 E. E. Gilbert, U.S. Patent 2702,305 (1955): Ch. Absfr. 50, 2665 (19%); * E. T. 
McBce, J. D. Idol, Jr. and C. W. Roberts, J. Amer. Chem. Sot. n, 4375 (1955); f J. D. Idol, 
Jr., Ph.D. Thesis, Purdue University (1955); e E. T. MeBe+, C. W. Roberts, J. D. Idol, Jr. and 
R.H. Earlc, Jr.. J. Amer. Chem. Sot. 76, 1511 (1956); *R. H. Earle, Jr., Ph.D.Thcsis, Purduo 
University (lYS7); 4 D. H. Zijp and 11. Gerding Rec. Trau. Chim. 77, 682 (1958); j R. D. Grain, 
Ph.D. Thesis, Purdue University (1958); A H. E. Ungrtade and E. T. McBec. Chem. Revs. 58. 
249 (1958); 1 C. W. Roberts Chrm. & fmf. III (1958); * P. E. Hoch, A Review ojrhe Chemisrry 
o/C-56. Hooker Chemical Corporation (1958); ” P. Eaton, E. Carlson. P. Lombard0 and P. Yates, 
J. Org. Chem. 25, 1225 (1960); l P. E. Eaton, Ph.D. Thesis, Harvard University (1960); l E. E. 
Gilbert and P. Lombardo, U.S. Patent 3.037906 (lW2); Chem. Abstr. S7, 5068 (1962); l P. E. 
Hoch and J. S. Newcomer, U.S. Patent 3.055948 (1962); C/tern. Absfr. 59,7393 (1963); * ki. E, 
WaIa, &it. Patent. 908,620 (1962); Chum. Absfr. 58.6718 (1%)); l W. L. Dilling. Ph.D. Thesis. 
Purdue University (1%2); * P. E. Hoch and J. S. Newcomer. U.S. Patent 3.096.239 (1963); C&em. 
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At present the structures of the compounds of these series appear to be reasonably 
well established,‘g*‘.“*” but at the time this work was undertaken there was still some 
question concerning the structures .“‘.O Few reactions of the perchloro caged compound 
I have been reported,“*O and these offered little insight into its structure. The present 
paper presents some reactions of I, in particular the hydrogenolysis of the carbon- 
chlorine bonds, and some reactions of the related ketone, IV, which serve to relate 
their carbon skeletons and that of the isomeric structure, 111. 

RESULTS AND DISCUSSION 

Treatment of the perchlorocarbon I with lithium and t-butyl alcohol in tetra- 
hydrofuran’ at &IS” gave a saturated hydrocarbon (30%) to which structure II was 
assigned based on evidence presented below. In addition endo-dicyclopentadieoe, V, 
(56 %) was also found. The hydrocarbon II was found to be saturated as judged from 

23 L - Cl‘, I.‘) m + q) 
t-BUOH 

I II V 

its nonreactivity with bromine in carbon tetrachloride or ozone at -78” in methylene 
chloride, and from spectral data. The IR spectrum (Fig. 1) of II indicated the absence 
of unsaturation, and in addition showed the presence of methylene groups, 6.93 p, 
and hydrogen atoms on tertiary carbon atoms, 766 and 7.89 ~.a The UV spectrum 

Absrr. 59, 6936 (1963); . E. E. Gilbert and P. Lombardo. Belg. Patent 624,290 (1963); Chcm. 
Abrr. 60, IS752 (1964); l Allied Chemical Corp., French Patent 1,340,382 (1963); French Partnr 
Absrrocrs Vol. 3. No. 46; p. 5-1, Detwcnt Publications, London (1963) - G. W. GtifBn and A. K. 
Price. /. Or;g. Chem. 29, 3192 (1964); * Allied chanical Corp., Neth. Patent 6,400,694 (1964); 
Chem. Absrr. 62, 3955 (1%5); * Allied Chemical Corp., Ncth. Patent 6.400,728 (1964); Chrm. 
Absrt. 62, 11705 (196s); l Allied Chemical Corp., Neth. Patent 6402.964 (1964); C/tern. A&w. 
62,7658 (l%5); l ’ f. B. Wicliczko. M. S. Thesis. Purdue University (1964). 

’ l P. Yates and P. Eaton, Terralvdron L.errcrs No. 1 I, 5 (l!XO); * R. C. Cookaon. J. Hudec. and R. 0. 
Williama. Ibid. No. 22, 29 (1960); c P. Yates and P. Eaton, Terra/w&m 12, 13 (1961); d G. 0. 
Schenck and R. Steinmetz, Bull. Sot. Chim. ikk. 71,781 (1962); ’ G. 0. Schcnck and R. Steinmetz, 
C&m. &r. 96, 520 (1963); f P. E. Eaton and T. W. Cok. Jr.. J. Amer. Chcm. Sk. 86, 962. 31S7 
(1964); 8 R. C. Cookaon. R. R. Hill and J. Hudec, J. Chcm. Sot. 3043 (1964); L R. C. Cookaon, 
E. Crundwell, R. R. Hill and J. Hudec. Ibid. 3062 (1964); ( K. V. Scherer, Jr., R. S. Lunt. III. and 
G. A. Ungcfug, Tcfrahedron lrrrrrs 1199 (1965); ’ E. Vogel and E.-G. Wyes, Chem. Ber. #). 
3680 (l%S). 

* Alternate namea, used in Chemicul Absfrucrs for II and III are octahydro-1.3.4metheno-2H- 
cyclobuta[cd&uaknc and octahydro-1,2+methen~3Hcyclobuta[cdlpentaleae rupectivcly. 

s l P. Bruck, D. Thompson and S. Winstein. C&m. & Ind. 405, (1960); L S. Winatcin and R. L. 
Hansen, 1. Amer. Glum. Sot. R&62% (I 960) ; l P. Bruck. Trrrahcdron L.errcrs 449 (1962); 4 E. T. 
h&Bee, W. L. Dilling, and H. P. Braendlin. J. Org. Ckm. 28, 2255 (1963); l C. F. Wilcox, Jr., 
and J. G. Zajacek. Ibid. 29.2209 (1964). 

o L. de Vria and S. Winrtcin. J. Amer. Chem. SC. 82.5363 (1960), attributed an IR max at 6.88 p to 
the methykne groupa and max at 7.67, 7.74, and 7.83 p to the tertiary carbon-hydrogen bending 
vibratiw of the caged compound 1. 
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showed no significant absorption above 200 rnp; a very weak absorption was noted 
at ca. 213 m,u (d = 80) possibly due to an impurity. Since the NMR spectrum showed 
the absence of vinyl hydrogen atoms, any unsaturation would have to arise from a 
tetrasubstituted double bond. However, incontrast to II, four different tetrasubstituted 
symmetrical ethylenic systems, 2,3dimethyl-Zbutene, 1,2dimethylcyclopentene, I ,2- 
dimethylcyclohexene and AO*lo -octalin, were shown to have “apparent” absorption 
maxima* in the UV between 213 and 217 m,u, with extinction coefficients between 
1300-1600. The NMR spectrum of II (Fig. 3, Table 1) revealed three distinct peaks 
of equal area in agreement with the proposed structure. The hydrocarbon II was 
stable on heating at 300” for 5 hr in a sealed tube. 

TABLE 1. NMR DATA OP PEMACYCL0[5.3.0.~.‘.(r~‘.(r~‘]DECANWT’ 

Compound 
number 

.._. _ _ 
II 

VII 

1X 

VIII 
XII 
Xl 

Formula 8 
- -.. .-..- _._. 

C,,H,, -2.82 
-2.50 

I.36 

Ci.H,CI, 3.21 
-- 2.36 

Ci.H.C& - 3.16 
- 2.58 

C,,H,Cl,, 2.56 
C,,HCI,, --4.28 
C,,HCI, I -3.74 

Relative Width of peak 
am at half-height’ 
_ --. _- _---. -- 
4.0 7.9 
4.0 I.4 
4.1 3.0 

4.0 
4.1 

2.0 
4.0 

1.9 
2.0 

1.3 
1.6 

- 
3.0 
2.6 

l All dctcrminations were carried out with ca. 10% sol of the compounds in CCl, cxccp~ with IX 
where a ca. 10% benzene sol was used. ’ Chemical shift from TMS used as an internal standard. 

In c/s. 

The closely related unsymmetrical hydrocarbon Ill was prepared by two routes: 
Wolff-Kishner reduction of the ketone VP and acetone sensitized irradiation”*’ of 
the diene V. Like II, Ill was also saturated as shown by its nonreactivity with bromine 

VI III V 

and the IR (b’ig. 2). UV (c~ ;- 0). and NMR spectra (Fig. 4). The latter showed 
two unsymmetrical doublets (6 = - 1.21 and - 164, J = 10.7 c/s) with relative areas 
of 1.9 to 1.9 indicative of a methylene group containing nonequivalent hydrogen atoms. 
The peaks at -2.52 and -2.72 of relative areas 5.8 and 2.4, respectively, were 
attributed to the eight remaining hydrogen atoms on the tertiary carbon atoms. The 
KMR spectrum of II showed only a singlet (d = -- 1.36) in the region attributed to 
the hydrogen atoms attached to the secondary carbon atoms, whereas a triplet would 

* 0. H. Whcekr and J. L. Matcos. 1. 01x. Gem. 21, I I lO(l956) report. and cite Refs. IO. the appcar- 
ancx of “false energy” max at 2m215 m/c when UV absorption is measured with standard photo- 
ckctric spectrometers. 
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be expected since these methylene groups are each flanked by two equivalent hydrogen 
atoms. The absence of observable coupling with these hydrogen atoms may be 
attributed to the dihedral angle. I0 The IR spectra of II and III were consistent with 
the assigned structures in that the higher degree of symmetry of II produced fewer 
absorption bands in the 7+12 ~1 region. 

The mass spectra of II and III (Table 2) determined at 50 volts ionization potential 
were nearly ideoti4. The intense fragment ion at m/e 66 may be due to the cycio- 
pentadienc ion (C,H,+) resulting from cleavage of the moIecuIar ion in half. This 
cleavage of molecules with carbon skeletons of II and III in half is a common 
occurrence.11 

a* l M, Karplus, f. Chem. Whys. 30,11 (1959); * H. (zonroy, Abwt. org. chm. 2,308 (mo), 
” W. L. Dilling and M. L. Dillin& Te@Un in pees. 
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TABU?.t,MAUSPl?ClM OF ~*cy~5.3.o.o.‘~‘.~.‘.~.‘lDfcAM 11 AND PENTA- 
cuno[5.3.0.~.‘.~.‘.OL.‘IDECINe 111 

mle 1,’ II 1: III mlr 
- _ - _ __ .-. _. 

25 0.2 0.1 77 
26 07 1.0 78 
27 2.8 4.8 79 

80 
29 04 1.6 

89 
38 0.4 0.5 
39 7.0 9.2 91 
40 3.3 4.5 92 
41 2.1 3.0 
42 .- 0.3 101 
43 - @I 102 
44 - 0.1 103 

104 
50 @? 0.7 105 
51 2.4 3.3 
52 1.4 2.1 115 
53 1.5 2.3 116 
54 07 4.5 117 
55 0.5 

127 
62 0.3 03 128 
63 1.2 1.8 129 
64 1.0 1.8 130 
65 4.4 6.5 131 
66 100.0 loo.0 132 
67 14.0 13.6 133 
68 1.4 2.2 

I. 11 

2.7 
2.3 
I.1 
0.3 

04 0.6 

3.2 6.8 
D5 1.3 

0.3 @2 
0.4 0.6 
0.7 1.3 
0.6 1.7 
0.5 1.1 

1.7 2.7 
1.3 2.1 
1.6 5.6 

@4 04 
0.8 @8 
0.8 1.0 
04 0.5 
@? 1.7 
4.0 5.1 
07 1.1 

J, 111 
-- 

4.1 
7.6 
2.9 
@6 

l Relative intensity based on m/e 66 as 100.0. 

Reaction of I with lithium and t-butyl alcohol at -78” for varying lengths of time 
afforded several partially hydrogenolyzed derivatives. Reaction for 18 hr gave an 
octahydro derivative VII whose IR spectrum indicated the absence of unsaturation. 
The NMR spectrum (Table 1) of this compound showed the presence of only two types 
of hydrogen atoms of equal number, allowing three possible structurea, VIIa, b or c. 

VIIa Mlb VIIC 

The lack of splitting of either peak and the narrow width at half-height lent support 
to structure VIIa, since both VIIb and VIIc have adjacent nonequivalent hydrogen 
atoms and some splitting or broadening, as in II, should be observed under normal 
circumstances. However structure VIIc cannot be ruled out with as much certainty 
as can VIIb on this basis. Moreover, the peak at --2.36 may be ascribed to the 
methylene hydrogen atoms since the chemical shift was in fair agreement with that 
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observed for the dihydro compound VIII (Table 1) which will be discussed below. In 
addition to VII, a considerable amount of an unsaturated liquid mixture was obtained 
which contained only traces of V, as shown by analytical gas chro~tography (GC), 
and probably consisted of partially chlorinated endo-dicyclopentadienes since only II 
and V are obtained on complete hydrogenolysis. Repetition of the low temperature 
reaction with lithium and t-butyl alcohol for one hour again gave a mixture of products. 
A hexahydro derivative IX was isolated as well as an impure trihydro derivative X. 
The IR spectra of both compounds indicated the absence of unsaturation. The NMR 
spectrum of IX (Table 1) showed the presence of only two kinds of hydrogen atoms, 
as narrow singlets, in a ratio of 2: 1. The chemical shift of the larger peak corresponded 
to that observed for the methylene hydrogen atoms in VIII. Structures IXa, b, and c 
were the most consistent with thedata. The mass spectrum showed an intense fragment 

J$$ :3$-- z$$J-~l 

Cl C’ Cl 

Ixa IXb IXC 

ion for C5HSC13+ and none for C,HzCl,+ or C,H,Cl,” indicating that the correct 
structure is probably either IXa or b. I1 Each isomer, moreover, could easily be the 
precursor to the octahydro compound VfIa. No conclusion could be drawn for the 
impure trihydro derivative X. The NMR spectrum was in agreement with that 
expected for a molecule containing three hydrogen atoms (Experimental). As in the 
reaction carried out for eighteen hours, a liquid mixture containing unsaturated 
material was isolated. 

A modification of the hydrogenolysis reaction consisted of the use of water, in 
conjunction with Dry Ice, as the hydrogen source. Five compounds were isolated, all 
saturated as judged by their IR and NMR spectra. A monohydro derivative XI 
(Table 1) was different, on the basis of NMR and IR spectral comparisons, from the 
monohydro derivative XII described below. Therefore, XI had either structure XIa or b. 

Xla XIb 

Also isolated was an impure dihydro derivative XIII. Its NMR spectrum was poorly 
resolved but indicated the presence of two doublets of equal area, i.e., two adjacent 
nonequivalent hydrogen atoms, but no structural assignment was attempted. In 
addition to these two compounds containing ten carbon atoms, three saturated 
products were isolated whose elementaI analyses and mol. wts indicated the following 
formulas: Ci,H,Cl, XIV, C,H,,Cl,, XV, and C&Hi&I, XVI. The NMR spectra 
were complicated and showed considerable splitting. Apparently these products arose 
from carbon-carbon bond fission and recombination of fragments, possibly by Wurtz 
type coupling reactions in the presence of lithium. 
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The origin of V in the reaction of I with lithium and t-butyl alcohol was of 
considerable interest. The mechanism of the chlorine replacement reaction is thought 
to involve the formation of a lithium alkyl which is rapidly alcoholyzed by the t-butyl 
alcohol to form a t-butoxide ion for each chlorine atom replaced by a hydrogen atom.‘* 

R-Cl $ 2 Li + t-BuOH -+ R-H + LiCl $ LiOt-Bu 

Neither II nor V was affected by lithium t-butoxide under the reaction conditions. 
Hence, V was not derived from II or Gee cersu. Lithium alone did not react significantly 
with I in tetrahydrofuran, 86% of the latter being recovered after stirring for 6 days. 
The tetrachloride VII did not react with lithium t-butoxide under the reaction 
conditions, and gave only the saturated hydrocarbon II on treatment with lithium and 
t-butyl alcohol. The monohydro compound XII did react with lithium t-butoxide. 
The product, which we were unable to obtain in pure form showed IR absorptions in 
the 6G6.3 p region characteristic of olefins. The dihydro compound VIII, on 
treatment with lithium and t-butyl alcohol, gave II and V in 71% and 27% yields, 
respectively, compared with yields of 30% and 56%. respectively, from I. An 
explanation for the formation of V consistent with these facts is either the base- 
catalyzed isomerization of a species such as XII, which contains a chloromethylene 
group, or the ring opening of a lithium alkyl at the methylene group. 

Cl 

Et H 

X,, 

X 

I& 

Cl 

X,. 

V 
X - H and/or Cl 

The hydrogen atom of a chloromethylene group is more acidic than a hydrogen atom 
of a methylene group due to the electron withdrawing effect of the chlorine atom. 
Thus the failure of II and VII to react with lithium t-butoxide can be explained by the 
absence of chloromcthylene groups. The appreciably larger amount of II obtained 
from VIII than from I is consistent with the intermediate formation of only one 
chloromethylcne group or two lithium alkyls at the methylene bridge of VIII, whereas 
I can form two chloromethylene groups or four lithium alkyls at the metbylene bridges 
as precursors to V. The tetrachloride with no chlorine atoms on the methylene bridges 
would not give V according to the proposed mechanisms. 

An attempt was made to detect the presence of a lithium alkyl in the reaction of 
1 with lithium by carbonation with Dry Ice. A small amount of a base-soluble 
material was isolated whose IR spectrum indicated the presence of a carboxyl group, 
(nujol) 3*0(s), 5*83(s)c(. The material was insoluble in common organic solvents and 
water. Purification was not achieved. 

I9 S. Wirutein, private communication. 
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The ketone IV is known to give I on treatment with phosphorus pentachloride at 
elevated temperatures. “ However, since rearrangement may occur in this tw of 
reaction,& the structural correlation of IV and I by this method was rendered 
uncertain.t* These compounds have now been related by Huang-Minlon14 modified 
Wolff-Kishner reduction of IV to the dihydro derivative VIII and its conversion to 

Iv VIII n 

the hydrocarbon II as noted above. The single NMR peak observed for VIII (Table 1) 
also indicated a symmetrical structure. These results are in agreement with those of 
Grif6n and Price.(o 

While studying the Wolff-Kishner reduction of IV, a control experiment was run 
in the absence of hydrazinc hydrate. Reaction of IV with potassium hydroxide in 
diethylene glycol at 200’ unexpectedly gave the alcohol XVII. The I R spectrum showed 
a characteristic hydroxyl band at 2.82 p and the NMR spectrum exhibited two singlets 
of equal area.16 The acetate XVIII of XVII was prepared, and although refluxing 
thionyl chloride had no effect on XVII, phosphorus pentachloride gave the undeca- 
chloro derivative XII.is 

The hydrazone XIX and phenylhydrazone XX of IV were prepared in good yield. 
Treatment of XIX with potassium hydroxide in diethylene glycol at 200’ atforded a 
low yield of alcohol XVII. None of the normal reduction product VIII was found. 
It has been observed previously that Wolff-Kishner reduction sometimes gives alcohols 
rather than methylene compounds.17*1s 

XVII R-H XII XIX R - H 
XVIII R = CH,CO XX R = C,H, 

is We have coofirmd the amcrsion of oaochloropcn~o[S.3.O.~~o.(Y~g.~~~)daaoa4.1O-diont to 
I on heating with PCl, at 1S&16S”. 

I4 Hung-Minion. 1. Amer. Chem. Sot. 6B, 3487 (1946). 
I8 The alcohol XVII has raxntly bocn synthc&cd by the LAH reduction of the ketone IV. 
l”lbteuncprpduct,Xn:wumrenUyobtainsdinPnanrlogowmanna.c 
I’ D. Todd, 0~. hlCJiON IV, 380 (1948). 
” The probable mason for obtaining the mcthykne compound from IV directly was that an ex- of 

hydrazinc hydrate was aploycd, w&can this was not tbc cue in the raction of the pcrfmncd 
hydrazone. The hydrazone XIX and tha phcnylhydruw XX wm both acnsitivt to prcUc solventa. 
Recrystallization of XIX from EtOH gave a prod- from which nearly all the N had been 
eliminated. The phcnylhydmzone XX ructcd with water, but the product was not idcnt&d. 
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EXPERIMENTAL” 

~~oropcnrocyclo[S.3.0.~~YY~‘.(r~’Jdccanc I 

Crude I obtained from the Hooker Chcmkal Corporation was purifiad by rcayscalhrabon 
from benzene, m.p. 47S-477” (se&d capillary) (lit.” m.p. 48s’); X-ray powder diffraction data: 
743 &loo), 6.07(8-S). 366(5*7), 3.51(28). 3.3qS.7). 3*24(6.7), 3.OyS.7). 296(47). 286(27), 2.78(17), 
2.71(14), 2.65(2S), 2.59(5.7), 2.37(6.4), 2.33(7*4), 2.2S(9.2). 2.22@3), 2.08(28), 2.02(2.1), 1.97(1.8), 
190(2-8). 1*79(3S). 168(4.3). 1*65(3.2). l-61(4.2). The X-ray pattern is consistent with a simple cubic 
system having a unit all kngth of 12.1 A.‘* 

Decuchloro~~acyclo[5.3.0.(r.“.~.’.(r~’~c~-~nc hy&are XXI 

Reaction of hexachlorocyclopcntadicnc with liquid So, by the method of Gilbert and Giolito” 
gave XXI, m.p. 346348”; (CC&) 280 TV (no absorption in S-6 p region); X-ray powder diffraction 
data: 6.86 ACIOO), 6.28(35). 3.7404). 3.43(%), 3.16(24), 2.98(20). 288(17), 2.82(33). 2.71(43). 
266(24), 2.56(21), 2.49(16), 2.26(16). 

Azeotropic distillation of a solo of XXI in benzene (2s g/lo0 ml) under a Dean-Stark water trap 
for several days, followed by cooling, gave large white crystals of IV whose IR speztrum indicated the 
presence of a slight amount of hydrate (280 p). This material was suitable when “anhydrous” IV 
was required. The last traces of hydrate (IR analysis) could bc removed by rcfluxing II as prcparcd 
above with AcCl(10 g/l00 ml) for several days, m.p. 348-349” (1it.S m.p. 349”). (CCl,) SS4 p; X-ray 
powder diffraction data: 8.76 A, 7-09(100), 6+03(10). 3.53(34), 3.29(22), 3.m33). 3.OS(23), 
299(32), 29604). 2.91(24), 284(16). 2.77(14), 268(59). 2.53(2S), 237(23), 2.36(32). 1+77(15). 164(12) 
1.63(12), 1.62(2S). 

Reaction of I with lithium and t-bury! alcohol 

(I) Rrocrion of &I 5”. Prefararion o/~nlucyrlo[S.3.0.(.‘.~~‘.~~“~c~ II. Small picczs of Li 
wire (16.7 g. 2.4 g atoms) were added in one portion to a soln of I (27.3 g. OOS mole) and t-butyl 
alcohol (894 g, l-2 mole) in SO0 ml dry THF (dried over CaH,). The reaction mixture was stirred 

** Mps wcrc taken in capillary tubes and were uncorrected. Bps were umxxrcctcd. Elemental 
microanalyscs were determined by Dr. C. S. Ych, Mrs. K. Kcblys and Mrs. B. Grotcn, Purdue 
University. IR and UV spectra wcn obtained by Mn. W. L. Dilling. Purdue Univmity, using 
Pcrkin-Elmer Mcdel 21 or 221 (NaCl optics) and Bausch and Lomb-Spectronic 30s spcctro- 
photometers. Mr. W. E. Baitingcr, Purdue University, obtained the NMR spectra with either a 
Varian V-431 1 spectrometer operating at a radio frequency of 56.4 or 60 MC/S or a Varian A-60 
spectrometer operating at 60 MC/S. The spectra from the V-431 I instrument wcrc calibrated 
using the side-band tc&niquc.l@ The chemical shifts are reported as 6 in ppm from TMS used as an 
internal rcfcrcna. The arcas under the peaks obtained from the V-431 1 instrument were mcasumd 
with a planimctcr and arc reported as the average of two or three mcasurcmcnts of different spectra. 
The mass spectra were obtained by Dr. J. W. Amy and Mr. L. J. Brand, Purdue University, using a 
Bendix “Time of Flight” m895 spectrometer and by Mrs. W. L. Dilling. Dow Chcmkal Co., using 
a 90 sector magnetically scanning mass spcctromctcr. The powder X-ray diffraction patterns wcrc 
determined by Dr. J. L. White and Mrs. A. F. Burns, Purdue University Agronomy Department. 
using a general Electric XRD-S X-Ray Ditiractomctcr employing the unrcsolvcd copper K, 
radiation (1 y 1.5418 A). The vahm reported arc the interplanar spacings (d) in A The value in 
parenthesis arc relative intensities Qxak hts) with the strongest pealr of each pattern arbitrarily 
assigned a value of 100. Analyses by g.c. wcrc determined with either a P&in-Elmer Model IS4 
Vapor Fractonxter or an Acrograph Dual Column Programmer Gas Chromatograph using helium 
as the carrier gas. Preparative scale g.c. was achieved using a Fisher Prcparativc Partitioncr Model 
11-133. 

- J. A. Popk, W. G. Schncidu and H. Bernstein, H@h Resolution Nuckar Magnetic Resonance, p. 74. 
M&raw-Hill, New York (19S9). 

Ii N. F. M. Henry, H. Lispon and W. A. Wooster, 7%e Inrerpretarion of X-ray Diffraction Photo- 
grrrpht(2nd Edition), p. 179. Macmillan. London (1960). 
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under N for 12 hr at &lS” and poured into 3 1. crushed ice to destroy the Umactcd Li. Aftercxcrao- 
tion several times with ether, washing well with water, and drying over anhydrous &SO,, the ether 
was distilled. Distillation of the residue gave 5.7 g (86%) of ~lourkss distillate, b.p. 9O-108* (4s mm), 
nz 1.5068-leS129. GC analysis of the distillate on a polyethylene glycoi column showed the pm 
of V and II in a relative area ratio of ca. 65: 35. Separation of II by preparative GC ou a sikonc oil 

or polycthyknc glycol column was followed by further purifkation by suqlimation at 25” (1 atm); 
m.p. 125-127’; X-ray powder diffraction data: 5.37 A(lOO), 4-65(21), 2*69(@8). This X-ray diffrac- 
tion 

8” 
ttem is consistent with either a simpk of face-ocntcrcd cubic system having a unit all length of 

9.3 * (Found: C. 9040; H. 9-51; mol. wt., 129 (ayoscopy. benzene); 132 (mass spcctrometry). 
cak. for C,+I&,: C. W85: H, 9.15%; mol. wt., 132.) 

A portion of the distillate (I.32 g) was tmatcd with l-19 g phcnyl ariden for 20 hr at room temp. 
Cooling the reaction mixture to -- 78*. gave 090 g crude V-phcnyl azidc adduct XXII. Dccoloriza- 
tion of a 95 % EtOH sol of the crude product with charcoal and recrystallization from 95 % EtOH 
gave 0.41 g (28%) of XXII as white crystals, m.p. 125-127”. mixed m.p. 1245-127’ (lit.O m.p. 128- 
129”). The IR spcctmm was identical with that of an authentic sampk of XXII. 

(2) Reaction 41 -78” for 18 hr. Prepuration of 1.4,6.9-tetrac~oro~ntacycfo[S.3.0.~~~.~~*.~~”~ 
&cane VII. The preczdingexpcriment was repeated usmg the same quantities of reactants and solvent 
as under (1). while the flask ww cookd at -78”. After stirring for 18 hr the reaction mixture was 
worked up as before. Distillation of the residue gave 4.8 g of dark liquid, b.p. 130-154” (35 mm), 
$ 1.5166-1.5389; (neat) 3+29(s), 6.17(s), 6.32(m), 6.39(m) p. GC analysis on a polycthykne glycol 
column rcvcakd the prolcnoe of very little V and no II. but of several components with longer rctcn- 
tion times than V. A portion of the distillate @2 g, crystallized on standing as did the distillation 
residue, 2.8 g. These crystals were combined in hcptanc, de&or&cd with charcoal, and crystallized 
to give l-2 g (9%) of white crystalline VII. m.p. 246247”; (CCl,) 3,35(m), 340(m), 3+51(w), 4.28(w), 
6.95(m), 7.78(s), 8.08(s), 8+16(s), 8.66(m), 9*33(w), 9*91(s). 1@34(w), 1@58(s) p; mass spectrum: 
m/e 233 &¶*a).” (Found: C. 44.64; H, 2.74; Cl, 52.66; mol. wt., 276 (cryoscopy, benzene). 
Cak. for C,,H,Cl,: C, 4448; H, 299; Cl, 52.52%; mol. wt.. 270.) 

(3) Reaction at -78’forlhr; preparation of 1,~4,6,(7or8),9-1ro~~4cyc&[S.3.0.~.~.~.*.- 
ol+z&nc IX. The preceding experiment was rcpcated using I (27.3 g, @OS mole), t-butyl alcohol 
(44.5 g, 0.60 mok). and Li (8.4 g. 1.20 g atom) in 500 ml dry THF. After r&ring at -78” for 1 hr, 
the reaction mixture was worked up as before. The dark residue, 19.5 g. was mcr+&l&d from hcp- 
tanc. after dccolorizing the soln with charcoal. The first crop of crystals was rccrysWlizcd from 
bcnzenc--hcptane, giving two types of qstals. Small prisms, 2.0 g. were separated mechanically 
from unreactcd I, rccrysUivd from acetone, and vacuum sublimed at 160” (@2 mm) to give 1.1 g 
(7%) of white crystalline IX, m.p. 321-323” (scakd capillary); (Nujol and Fluorolubc) 3.34(w), 
3.37(w), 7.83(s). 7.91(s). 8.12(s), 8.24(m). 8.59(m), 8*71(w), 9+90(s). 10_0S(m). 10%!(m). 1068(s), 
12*23(s). 13.43(s), 14.82(m) IA ; mass spectrum : m/e 301 (M+-C1). (Found: C, 35.28; H. 1.76; Cl, 
62%; mol. wt., 344 (cryoscopy, bcnztne). Calc. for CIIH.Cl,: C, 3544; H, i-78; Cl, 62.77%; 
mol. wt.. 339.) 

Concentration of the hcptane mother liquor gave a solid which, on recrystallization from acetone 
gave I and a material which was vacuum sublimul and recrystallized from heptanc to give @2 g (1%) 
of white cry&s of X. m.p. 188-300”; NMR spectrum (CCl,): a singkt at - 3.30 (l-9)” and a singkt 
at -4.09 (1.0). (Found: C, 28.42; H. @79; Cl, 71*58x.) 

Compktc evaporation of the hcptane mother liquor left an oil, 5%? g, (neat) 6.15 (s). 6.29(m) p. 
The total recovery was I was 37%. 

Reaction of I with lithinm, water and e ice 

Method A; reaction with a dcfzciency of lithium and water. A solution of I (27.3 g, Q5 mok) 
in SO0 ml THF was flushed with N and cooled to -78”. Approximately SO0 g powdered Dry Ia 
and Li (I.4 g, @20 g atom) wcn added to the THF sol. The mixture was stirred at -78” for 24 hr, 
allowed to come to rooo1 tcmp over a period of 52 hr. and rdiuxcd for 7 hr. The cookd rcmion 
mixture was poured into 2 1. crushed ice and extracted with ether. The ether, after washing with 

a R. 0. Lindsay and C. F. H. Alkn, Og. Syntheds Cult. Vol. III. 710 (1955). 
u P. D. Bartktt and J. S. Goldstcii~. Amer. Cknn. Sot. 69,2553 (1947). 
U The reported m/c values for the chlorinated compds are based only on the Cly isotope. 
a@ Rclativc areas arc given in parentheses. 
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water and drying, was c-ted to give 236 g of dark aolid. Recrystallization from w 
McOH, sublimation at 170” (@2 mm), ruzystallixation from bcnzcnc- EtOH and from acetone gave a 
mixture of large white pti and finu white nccdks. These two forms of crystak wcrc acparatcd 
m&a&ally, and errh waa rccrystallixcd from acetone and sublimed at 170” (0+2 mm). The large 
white priama gave @8 g of ayl,trls of XIV. m.p. 177-177.Y; NMR spectrum (CClJ: broad multipkt 
centered at -2.10 (64). at least 4 pcaka at -380 (S+O) and a broad multipkt at -443 (1.0). (Found: 
C, 34352.30.74; H, 1.20; 1.29; Cl,68*12,68*2S; mol. wt., S36(vaporpn#sun o=mimctry, bc==c), 
sS4 (cryoscopy, bcnrcnc). Cak. for c,,Ka,,: C, w21; H, 1.17; Cl, 6862%; mol. wt., 517.) 

Fine nccdka, Q4 g, of XV had m.p. 194-l%“; NMR spectrum (CDCl,): a singlet at - 1.26 (3), at 
kast 4 peaks antcrcd at -t+S (3), at kast seven peaks at -3.77 (3), and at kast six peaks at -431 
(1). (Found: C, 3290; H, 1.78; Cl, 64.33; mol. wt., SO6 (vapor prcasurc osmomctry, bcn==). 
Cak. for C,,H&l,,: C, 3337; H, 1.85; Cl, 6508%; mol. wt. S4S.) 

Evaporationof the combined bctlltne- EtOH mother liquors gavcmatcrialwhichwas rccrystallkcd 
from McOH to give @3 g (1%) of white crystals of XIII dcc above 2SO” without melting; NMR 
spectrum (Ccl,): two poorly resolved doublets at -2.04 (1) and -3.67 (1). (Found: C, 25.82; 
H, 0.77; Cl, 7368; mol. wt.. 532 (cryoscopy, benzene). Calc. for Ci+H,CI,,: C, 2S.19; H, @42; 
cl, 74.39%; mol. wt., 477.) 

Method B; reaction with~cxc~~ofliritlunondwatct: preparationof 1,2,3,4,5.5.6.7,(8 or Q),lO,lO- 
~co~oropcnrocyclo[S.3.O,~~‘.~~‘.~~’~c~ XL ‘Ihe preceding reaction was repeated using the 
same amount of I and an excca~ of Li (16.7 g. 240 g atoms). A soln of water (21.6 g. 1.20 mok) in 
100 ml THF wm added through an addition funnel over a period of 3) hr. The mixture was stirred 
at -78” for 42 hr. allowed to come to room tcmp, and stirred for an additional 22 hr. wbcrcupon it 
was worked up as before. The residue, 14.4 g, obtained on evaporation of the ether, was extracted 
with boiling hcxanc. After concentration, the extract was chromatographcd on akmina. Elution 
with hcxane aiiordcd 2.1 g crystals which, after vacuum sublimation at lS0” (0.3 mm) and rcuystal- 
lixation from aqueous EtOH gave @Q g (3 ya of white crystalline XI, dcc above 300” without melting; 
(CCL) 3,29(w), 8.1 l(s), 8.67(s), 8*83(s). 9.00(m) 9*39(s), 9*70(w), 999(s), 1@31(w). 11*28(w), 1 l%(s), 
14*73(w). 15.27(m) p. (Found: C. 23S2; H, @JO; Cl, 76.18; mol. wt., SOQ(ayoscopy, bcnxcne); 
SO6 (mass spcctromctry). Calf. for C,.HCl,,: C, 23.x); H. 020; Cl, 76.30%; mol. wt., 511.) 

Continued eiution with hcxane gave 1.6g of XIV. Bcnzcnc elutcd 1.5 g of light yellow solid. 
Raqstallization from hcptanc gave 0.7 g of white crystals of XVI m.p. 255-256”; NMR qxctrum 
(CDCI,); a singkt at - 1.27 (0.3), at least 6 peaks antcrcd at -2.13 (44), at kast 4 peaks at -3.75 
(34). and a tripkt at -4.26 (la); mass spatrum: m/r SO9 (M*-Cl), isotope ratio indicated 8 Cl 
atoms. A much less intense set of peaks was observed in the mata spectrum at m/c 540 (hi+ for 
C,,H,Cl,), with Cl isotope ratio indicating 9 Cl atoms, possibly due to an impurity (Found C. 
3968; H, 246; Cl, 58.62; mol. wt., 526, 530 (cryoscopy, brnxcne). Cak. for CirH&lr: C, 39.42; 
H, 2.39; Cl, 58.19%; mol. wt., 548.) 

(1) By rcducrlon of the ketone VI. A soln of VI” (2a g, @0137 mok) and hydraxinc hydrate 
(99%; 1.65 g, @033 mole) in 80 ml tricthyknc glycol was allowed to stand at room tcmp for 24 hr. 
The Bask was quipped with a distillation head and a thcrmomctcr extending below the liquid kvcl. 
85% KOH (10.5 g, @16 mole) was added, and the soln WBS heated at 200” for 3 hr. When the tcmp 
reached ea. lS0” a large volume of gas evolved. and a sotid condensed in the distillation head. This 
solid was disaolvcd in 200 ml of pcntanc, washed with water, and dried. After filtration and distilla- 
tion of the solvent, the miduc was sublimed at 90” (atm press) togivc 1.33 g (74%) of white crystalline 
III, m.p. 142-143” (lit.” m.p. 134-136”); e,mm,, .. 0 (EtOH); X-ray powder diffraction data: 
5-72 A(67), S44(63), 507(100). 4.67(6.7). 3.9#3.4), 390(3.9). (Found: C, %%; H. 9.16; mol. wt., 
132 (rmr?u spcctromctry). Cak. for Ci.Hi,: C. 9085; H, 9.15%; mol. wt., 132.) 

(2) Ry Irrad~&&n of the d&e V. As dcacribcd by schenck and Steinmetz? a soln of V (79 g) in 
130 ml acetone under N was irradiated through quartx with a 4S0 watt Hanovia medium press Hg 
arc lamp at ea. 30” for 24 hr. After distillation of the acetone the residue ~85 sublimed to give HI 
(ea. 20%). m.p. 138-141”. The IR and NMR spectra wcrc identical with that of III prepared above 
The sublimation miduc was vacuum distilkd to give 2.1 g of liquid, b.p. 77O (2S mm) -71” (2 mm). 
A polymeric rcaiduc, 8.3 g, remained. The major components of the distillate wcrc idcntkal as pinacol 
and acctonytacctonc by preparative GC and comparison of the retention times and the mass, IR. 



and NMR spectra with those of authentic sampks. Also a I: I adduct of -one and C,,H,, was 
detcctedbymouapc&omq. The spcctnun indicated a partial str~ure to be C,,H,,CMc,OH, 
m/e 190 (I#), 175 (M+-CHJ, 172 (M*-H.0). At kast fS other components were detsted but not 
identified. 

Preparation of 1,~3.4,5.5,6,7.8,9drcachloropc~acyclo[~.3.O.(r~~.~~*.~~‘~cmu VIII. 

A soln of IV (24.5 g, 09s mok). hydrazinc hydrate (6a g, 0.12~3 mole). and KOH (9.S g, @17 mok) 
in SO0 ml dkthykne glycol WBS heated at 200” for 4 hr. After cooling, the reaction mixture was 
Wtcrcd. An extract of the residue with 2OOml acetone was added to the filtrate. Dilution of the 
filtrate with 2 1. water precipitated 13.2 g of crude VIII. Rcprccipitation from aatonc with water, 
sublimation at 1SO” (et5 mm), followed by reqstallization from hcxane and from 95% EtOH. gave 
2.7 g (11%) of white crystalline VIII, m.p. 374-375” dcc; (Ccl,) 3.34@w). 3*38(vw), 3.49(vw), 697(m), 
7W(s), 8.30(m) 8.72(s), 8@(s), 9G2(w), 9*62(w). 9-W). lQt’l(w), 10+45(m), 1&74(w), IWO(w). 
11+45(s) p; X-ray powder diffraction data: 7.97 &71), 744(27), 6*92(86), 6.42(5.7). 6.24(36). 5-91(29). 
3.4x32). 3~21(100), 3-W(%), 3.86(53). 2+0(47). >72(31). Z68(34). 244(24), 2.41(24), 2.=17); mas, 
spaztrum: m/c 437 (N*-Cl). (Found: C. U-07; 25.01; H, O-41; 050; Cl, 74.x); 74.75 mol. wt., 
466 (cryoscopy, bcnzcnc). Calc. for C,.H,C$,: C, 25.19; H, 0.42; Cl. 7+39x; mol. wt., 477.) 

Preparation of 1 2 3 4 5 5 6 7 8 ,,,I,,,,, Pdccochforopcnracyc~[5.3.0.01~o.~~~.(r~’~1(kircmrol XVII 

A soln of IV (4.9 g, QOl mole) and KOH (1.9 g, m34 mok) in 100 ml dktbykne glycol was heated 
at 200” for 3 hr. After cooling and filtration, the residue was extracted well with aatone, which was 
added to the filtrate. Dilution of the filtrate with 500 ml water precipitated crude XVII. Rcpradpita- 
tion from acetone-water, vacuum sublimation at 150’ (@I4 mm) and recrystallization from hcptanc 
gave I.5 g (31%) white qtallinc XVII, m.p. 372-373” dcc (lit. C des 360”); (Ccl,) 2,82(m), 3+47(w), 
F23(w). 7.75(m). 8.28(m), 8.39(m), 8.79(s), 8%8&Q. 9+01(s), 9*12(m), 9.39(s). 9.Sl(s), 9.67(m), 1046(m), 
1&73(m), 1 l+)(m), 11*72(s), 1&12(m), 1%34(s) p: NMR spaztrum &Cl,): two aingkts of equal axea 
at -24&and -4.25; ~~:rnle453(M+~). (Found: C,24+18; H,O+47; c1.72.37; mol. 
wt.. 53O(cryoscopy, benzene). Cafe for CJi,Cl,,O: C, 24.38; H, 041; Cl, 71-97; mol. wt., 493.) 

Prepararlon of 1 2 3 4 6 7 8 9 lO.l(c~~~5.3.O.(Y**.(Y~*.[r~‘~~~~~ acerare XVIII *I,*,**, 

A aoln of XVIII (@20 g, Owl mole) in 25 ml AcCl was refluxed for 4 days. Distillation of the 
Excel AcCl gave @20 g crude XVLII. Dccolorization with m and recrystallization from bcptanc 
gave @log (46%) white crystalline XVIII, m.p. 168-168.5”; (CCI,) 3,41(w), 566(s) JA. (Found: 
C. 27.27; H. 090: Cl, 6648: mol. wt., 530 (mass spectroscopy). Cak. for C,,HICl,,O,: C. 2695; 
H, O-75; Cl, 66.32%; mol. wt., 53%) 

Prqxararion of 1 2 3 4 5 5 6 7 8 9 lO_wrdccochloro~ucyc~o[S,3,O,(r~*.(Y**.OL~*~~~e XII ,,*,.,,*.. 

A soln of XVII (620 g, OW341 mole) and PC& (617 g, OOW82 mole) in 10 ml CCl, was nduxcd 
for 10 days. The soln was poured into 200 ml water and shaken vigorously. The aqueous layer was 
extracted with CC& and the combined organic extracts were. washed with 10% NaHCO, and water, 
and dried. Distillation of the solvent and sublimation of the residue at 150* (@t mm) gave 018 g 
(87%) of white crystals of XII. Rcsublimation gave a pun sampk, m.p. 387” dec (lit.c m.p. 38oq); 
(Ccl,) 3*39(w), 7+9(s), 8G4(s). 8.34(m), 8+75(s). 8-84(s), 9.02(m), 9.49(s). 9*69(m), 1040(m), 10,85(m), 
11*32(m). 1153(m) p; mass spectrum; m/e 471 (M+-Cl). (Found: C, 2364; H. 0.11; Cl, 76.02. 
Calc. for C,,HCI,,: C, 2350; H. 0.20; Cl. 76+30x.) 

Rex&n of XII with lith&m bbutoxti 

A soln of XII (0.08 g. OMlol6 mole) and Li t-butoxide, prepared from Li (092 g, 0003 g atom) 
and r-butyl akohol(622 g, W3 mok), in 2 ml dry THF W~JS stirred at room tanp for 24 hr. The 
reaction mixture was poured into 100 ml water and extracted with ether. Tbc ether was washed well 
with water. After drying and evaporation of Ihc solvent, a light brown aystallinc r&due, 0% g 
remained. Vacuum subl~tion at 150” (01 mm) gave OW g yellow solid, m.p. loO_3tW with dcc 
above 2tW; (CU.) 6@2,6-2~5.6.32 /J. 
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Prepararion of &cacNoro~tacyclo[S.3.0.~~~.~~~.~~B~~-~~ hyakamtu XIX 

A mixture of IV (98 g, 002 mok) 100% hydrazinc hydrate (I 4 g, tIKt2 mok) and u)I) ml bcnrene 
was rcfluxcd under a Dcan-Starkc trap for 30 hr. Renzcnc was distilkd until a volume of 50 ml 
remained. On cooling, 9.6g XIX separated. Rectystalliration from bcnmnc-hcptanc gave 7.8 g 
(77%) of white platcku, da: above 220” without melting; (Nujol) 2,86(w). 3,00(m), 6.24(m). 6.31(m) 
p. (Found: C, 2360; H. 065; Cl, 7Qol; N, 540; mol. wt., 542 (cryoscopy, bcnxnc). Cak. for 
CI,H,CI,,NS: C. 2380; H. 040; Cl, 70.26; N, 5.55%; mol. wt., 505.) 

Two recrystallizations of 20 g of XfX from aqueous EtOH gave 18 g of a white powder, m.p. 
278-280’; (CCL,) 2.81.3.00 p, no peaks in 5G6.5 p region. (Found: C, 24.50; H, 043; Cl, 71.85; 
N. 0.79 %.) 

Prepralion of ~~~oropcn~ocyclo[5.3.O.~~*.~~~.~~~~can-~neplunylhydrcrzonc XX 

A soln of IV (9-8 g, 042 mole) and phcnylhydrazinc (2.2 g. 0.02 mok) in 400 ml bcnznc was hcatcd 
at rcflux under a DcanStarke trap for 10 days. Distillation of the solvent afforded Il.6 g crude XX. 
Dccolorization of the hexark soln with charcoal and three rccrystallimtions from hcxanc gave 7.1 g 
(61%) of XX as white nccdks. m.p. 165-166”; (CCl,) 2.86(m), 3@(w), 3.31(w), 6.23(s) p. (Found: 
C. 32.77; H, 1.25: Cl. 60.95; N, 4.91; mol. wt.. 568 (cryoscopy, bcnzcnc). Calc. for CI,HICl,,NI: 
C. 33.09; H. 1.03; Cl. 61.05; N, 4.82%; mol. wt., 581.) 
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