
3670 J .  Org. Chem., Vol. 87, No .  28, 1972 FREEMAN AND RAGHAVAN 

(dibromonitromethylisoquinolino, 35619-73-9 ; 4-(di- Acknowledgments. ---Financial support of this work by 
bromonitromethyl)cinnoline, 35619-74-0; 2-(dichloro- the Office of Naval Research is gratefully acknowledged. 
nitromethyl)pyridine, 35619-75-1 ; l-chloro-l-(4-pyri- We would like to thank Dr. John B. Grutzner for help- 
dyl)nitroethane, 35619-76-2; 4-(bromonitromethy1)- ful discussions of the nmr data during the preparation 
2-methylpyridine, 35619-77-3. of the manuscript. 

The Free-Radical Addition of tert-Butyl Hypochlorite 
to Some Bridged Polycyclic Olefins 

PETER E(. FREEMAN" AND R. S. RAGHAVAN 
Department of Chemistry, Oregon State University, Corvallis, Oregon 97881 

Received February 84, 19'78 

Irradiation of tert-butyl hypochlorite and endo-tricyclo[3.2.1.0z~4]oct-6-ene in carbon tetrachloride a t  40' 
produces a 59% yield of exo-6-tert-butoxy-endo-7-chloro-endo-tricyclo [3.2.1.02r4]octane and exo-6-tert-butoxy- 
ezo-7-chloro-endo-tricyclo [3,2.1.02~4]octane in a ratio of 43: 57, while similar treatment of tert-butyl hypochlorite 
and ezo-tricyclo [3.2. l.02,4] oct-6-ene results in a 56% yield of trans adduct, ezo-6-tert-butoxy-endo-7-chloro-ezo- 
tricyclo [3.2. l.0z24] octane, and cis adduct, exo-6-ter~-butoxy-exo-7-chloro-ezo-tricyclo [3.2.1.0214] octane, in a ratio 
of 78:  22. Similar photolytic treatment of tert-butyl hypochlorite and deltacyclene generates ezo-8-tert-butoxy- 
endo-9-chlorodeltacyclane and ezo-8-tert-butoxy-ezo-9-chlorodeltacyclane in a ratio of 85: 15 in an overall yield 
of 37%. The stereochemistry of the chain transfer step of the intermediate tert-butoxycycloalkyl radicals and 
the lack of cyclopropylethyl radical rearrangement are rationalized as a result of predominant 1,2 addition 
taking place by way of classical tert-butoxycycloalkyl intermediates. 

Recently we have reported that radical chlorination 
of ezo-tricyclo [3.2.1.02s4]octane with tert-butyl hypo- 
chlorite results in abstraction of hydrogen from C-6 
and C-1 to generate ezo- and endo-6-chloro-exo-tricyclo- 
[3.2.1.02~4]octane (2) and 1-chloro-exo-tricyclo[3.2.- 
1.02~4]octane (3), while, in contrast, radical chlorina- 
tion of endo-tricyclooctane 4 results in 93% or greater 

1 

stitution, addition predominating. Therefore, we chose 
to investigate the analogous reaction of tert-butyl 
hypochlorite with ezo-tricyclo [3.2.1.02~4]oct-6-ene (7), 
endo-tricyclo [3.2.1.02~4]oct-6-ene (8), and deltacyclene 
(9 ) .  Abstraction reactions are of interest in each case, 
since there is the potential for anchimeric assistance 
to abstraction of the bishomocyclopropenyl (abstrac- 
tion at, a in 7 and 8) and trishomocyclopropenyl type 
(abstraction at  b in 8), while abstraction at  c in 9 
could produce an interesting degenerate 6-deltacyclenyl 
radical. Addition of tert-butoxy to the double bond 
of 7 or 9 would generate a radical intermediate analo- 

c1 *+w 2 3 
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abst>raction of hydrogen a t  (3-8, leading to anti-8- 
chlorotricyclooctane 5 and endo-2-chlorotricyclo [3.3.- 
0.0a,6]octane (6).l 

Since several unique aspects of tert-butoxy abstrac- 
tion in these tricyclooctane ring systems have been 
at  least partially revealed, it appeared to be of some 
interest to pursuc a complementary line of research 
to gain additional insight into the nature of related 
radical intermediates. Tobler and coworkers2 have 
shown that the radical reaction of teyt-butyl hypochlo- 
rite with norbornene results in both addition and sub- 

(1) P. K. Freeman, R. S. Raghavan, and G. L. Fenwick, J .  Amer. Chem. 

(2) E .  Tobler, D. E. Battin, and D. J .  Foster, J. Org. Chem., 29, 2834 
soc.,  94, 5101 (1972). 

(1964). 

7 8 9 

gous to the major intermediate in the abstraction reac- 
tion of 1, while addition to endo-tricyclooctene 8 would 
yield a radical we have been unable to characterize 
in the radical chlorination of 4, due to the predominance 
of C-8 abstraction. 

Results 
When endo-tricyclooctene 8 was irradiated with 

tert-butyl hypochlorite using a 2:  1 molar ratio of olefin 
to tert-butyl hypochloritc in carbon tetrachloride solu- 
tion at  40") the products on vpc analysis were found 
to consist of two components in a ratio of 43:57 in 
the order of increasing retention times, in an overall 
yield of 59%. The retention times of the two com- 
ponents were much longer than expected for mono- 
chlorides, suggesting the possibility that free-radical 
adducts had been formed. Since the monochloride 
region in the chromatogram was conspicuously free 
of peaks, hydrogen abstraction did not compete with 
addition. 



ADDITION TO BRIDGED POLYCYCLIC OLEFINS J. Org. Chem., Vol. 37, N o .  23, 1972 3671 

The ir spectrum of the 43% component shows weak 
bands a t  3096 and 3040 cm-1 (cyclopropane methylene) , 
while the nmr spectrum (100 MHz, CClJ exhibits 
resonance signals a t  r 6.24 (doublet of a triplet, J = 
3.4, 0.7 Hz, HCCl), 6.58 (broad, poorly resolved mul- 
tiplet, W I ~ ,  = 5 Hz, HCO-t-Bu), 7.5 (envelope, l 
H), 7.9 (envelope, 1 H),  8.0 (broad singlet, 2 H), 8.28 
(a pair of overlapping triplets, J = 7, 3 Hz, 1 H),  
8.55-8.75 (multiplet, 2 H), 8.82 (singlet, 9 H), and 9.03 
(multiplet, 1 H). The spectrum is consistent with the 
structure of the trans adduct, exo-6-tert-butoxy-endo- 
7-chloro-endo-trieyclo [3.2.1.02*4]octane (10). 

The ir spectrum of the 57% component exhibits 
peaks cliaracteristic of cyclopropane methylene at  
3080 and 3032 cm-l, while in the nmr spectrum (100 
NHz,  cc14) signals a t  7 6.36 (doublet of a doublet, 
J = 5.6, 1.7 Hz, HCCl), 6.68 (doublet of a doublet, 
J = 5.6, 1.7 Hz, HCO-t-Bu), 7.68 (envelope, 1 H),  
7.73 (A component of an AB pattern, J = 9.5 Hz, 
1 H), 7.92 (envelope, 1 H) ,  8.15 (multiplet of the B dou- 
blet of the AB pattern, J = 9.5 He, 1 H), 8.60-8.80 
(multiplet, 2 H),  8.82 (singlet, 9 H), and 9.0-9.35 
(complex multiplet, 2 H) are observed. The spectrum 
is consistent with the structure of the cis adduct, 
ezo- 6- tert- but oxy-exo -7- chloro-endo-tricyclo [ 3.2.1 .02r4 l- 
octane (1 1). 
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A convenient verification of these structural assign- 
ments was possible through tri-n-butyltin hydride 
reduction3 of the tm-o adducts. Radical reduction of 
both of the adducts followed by vpc analysis showed 
that the same exclusive product, exo-6-tert-butoxy- 
endo-tricyclo [3.2.1.02~4]octane (12), resulted from both 
in yields of 75y0 from the trans adduct and 97% from 
the cis adduct. The ir spectrum of the product from 
both the adducts showed absorptions at  3064 and 3016 
cm-l while the nmr spectrum (100 MHz, CC1.J ex- 
hibited signals a t  7 6.74 (doublet of a doublet, J = 
6.4, 3.0 Hz, HCO-t-Bu), 7.8 (unresolved multiplet, 
1 H, the bridgehead proton p to tert-butoxy), 8.0 (un- 
resolved multiplet, 1 H,  the other bridgehead proton), 
8.2 (broad singlet, 2 H, the C-8 protons), 8.6-8.85 
(complex multiplets, 4 H, the protons on C-7, C-2, 
and C-4), 8.9 (singlet, 9 H, the tert-butoxy protons), 

(3) H. G. Kuivila, Accounts Chen?. Res . ,  1, 299 (1968). 

11 
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and 9.1-9.45 (complex multiplets, 2 H, the C-3 pro- 
tons). The spectrum sho\yed a striking similarity 
to that of ezo-6-hydroxy-endo-tricyclo [3.2.1 .02*4]octane. 

The irradiation of a solution of ezo-tricyclooctene 
7 and lert-butylhypochlorite in carbon tetrachloride at 
40" resulted in the formation of two adducts in 56% 
yield in the ratio 78: 22 in the order of increasing re- 
tention times. These two components were identified 
as the trans and the cis adducts on the basis of their 
spectral data. The ir spectrum of the trans adduct 
showed bands attributable to a cyclopropane ring 
(3088 and 3032 cm-I), while the nmr spectrum (100 
MHz, cc14) exhibited resonance signals at 7 6.23 (dou- 
blet of a doublet, J = 2.9, 2.0 Ha, HCCl), 6.61 (triplet, 
J = 2.0 He, HCO-t-Bu), 7.63 (unresolved multiplet, 1 
H, the bridgehead proton p to chlorine), 7.94 (singlet, 1 
H, the bridgehead proton p to teyt-butoxy), 8.5-8.9 
(multiplets with a large singlet a t  8.86, 11 H, the anti 
C-8 proton, the C-2 proton, and 0-t-Bu), 9.08 (a poorly 
resolved multiplet of a doublet of an AB pattern, J = 
12 Hz, the syn C-8 proton), 9.2-9.5 (multiplets, the 
C-4 and the syn C-3 protons), and 9.65-9.92 (a quartet, 
J = 7 Hz, the anti C-3 proton) (structure 13). The ir 
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spectrum of the cis adduct showed characteristic 
bands at 3092 and 3032 cm-l (cyclopropane methylene 
stretching), while the nmr spectrum (100 MHz, CCIJ) 
showed resonance signals at 7 6.23 (doublet of a dou- 
blet, J = 6.0,2.3 Hz, HCCl), 6.51 (doublet of a doublet, 
J = 6, 1.9 Hz, HCO-t-Bu), 7.69 (singlet, 1 H,  the 
bridgehead proton p t o  chlorine), 7.96 (singlet, 1 H, 
the bridgehead proton p to tert-butoxy), 8.55 (a dou- 
blet of an AB pattcrn, J = 11 Hz, the anti C-8 proton), 
8.83 (a large singlet, 9 II, the tert-butoxy protons), 
9.25 (an unresolved multiplet of a doublet of an AB 
pattern, J = 11 Hz, the syn C-8 proton), 9.3-9.5 
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(multiplet, 3 H, the C-2, C-4, and the syn C-3 protons), 
and 9.7-9.9 (multiplet, the anti C-3 proton) (structure 
14). In  addition vpc analysis indicated that no mono- 
chlorides were formed (< 1%). 

Both the trans and the cis adducts on reduction with 
tri-n-butyltin hydride at 95" (AIBK initiation) gave 
exclusively em-6-tert-butoxy-em-tricyclo [3.2.1 .02*4]oc- 
tane (1.5). The ir spectrum of the tricyclic lert-butyl 

Cl 
13 

15 14 

ether shom bands at 3092 and 3016 cm-', while the 
nmr spectrum (100 MHz, CCL) exhibits resonance 
signals at r 6.54 (doublet of a doublet of a doublet, J = 
7.0, 3, 1 Hz, HCO-t-Bu), 7.87 (poorly resolved multi- 
plet, 1 H, the C-1 proton), 7.95 (singlet, 1 H, the bridge- 
head proton P to tert-butoxy), 8.35 (a doublet of an AB 
pattern split additionally by 2 H, J = 12.5, 7.0, 2.2 
Ha, the endo C-7 proton), 8.75 (a doublet of an AB 
pattern split into a pair of triplets, J = 12.5, 3 Hz, 
the exo C-7 proton), 8.86 (singlet, 9 H, 0-t-Bu), 8.96 
(doublet of an AB pattern, J = 12 Hz, the anti C-S 
proton), 9.28 (a doublet of an AB pattern, J = 12 He, 
with additional splitting by ca. 1 HE, the syn C-8 
proton), 9.35-9.6 (multiplet, 3 H, the C-2 and C-4 
protons and the syn C-3 proton), and 9.85-10.09 
(multiplet, 1 H, the anti C-3 proton). The spectrum 
shows a remarkable resemblance to that of exo-6- 
hydroxy-em-tricyclo [3.2.1 .02r4 ]octane. 

A similar picture emerged from the irradiation of a 
solution of deltacyclene (9) with tert-butyl hypochlorite 
under conditions identical with those employed for 
the exo and endo tricyclooctene. The product frac- 
tion was found by vpc analysis to consist of two com- 
ponents, the trans and the cis adducts in the ratio 
85:15, in a yield of 37%. No significant amounts of 
monochlorides (>2% could have been detected) were 
observable. The ir spectrum of the trans adduct 
shows the presence of a cyclopropane ring (a weak 
band at 3056 cm-l) and a nortricyclene ring (a strong 
band a t  800 cm-l), while the nmr spectrum (100 JIHz, 
CClJ exhibits signals at r 6.07 (doublet of a doublet, 
J = 4.0, 2.0 Hz, HCCl), 6.24 (poorly resolved dou- 
blet, J = 2 Ha, HCO-t-Bu), 7.8 (unresolved multiplet, 
the bridgehead proton P to chlorine), 7.88 (unresolved 
multiplet, the bridgehead proton P to tert-butoxy), 
8.15 (unresolved triplet, the C-6 proton), 8.42 (singlet, 
2 H, the C-5 protons), 8.74 (singlet, 2 H ,  the C-2 and 
C-3 protons), 8.82 (singlet, 9 H,  tert-butoxy protons), 
9-9.15 (a multiplet, the C-4 proton), consistent with 
22 (endo Cl). The cis adduct was contaminated to 
the extent of 32% by an unidentified, inseparable 
material. The ir spectrum shows bands at 3056 (cy- 
clopropane) and 800 cm-l (nortrjcyclene ring), and 
the nmr spectrum (100 MHz, CC14) exhibits signals 
at r 5.9 (doublet, J = 6 Ha) and 6.15 (doublet, J = 
6 Hz). 

Both the adducts on reduction with tri-n-butyltin 
hydride at 95" gave the same product, exo-8-tert-butoxy- 
deltacyclane (22, C1 = H). The cis adduct, in addi- 
tion to this ether, gave 32% of an unidentified product, 
probably due to its contaminant. The ir spectrum 
of 22 (C1 = H) shows the presence of a cyclopropane 
ring (3056 cm-l) and a nortricyclene skeleton (798 
cm-l), while the nmr spectrum (100 MHz, CC14) 
contains resonance signals at T 6.2 (doublet with addi- 
tional poorly resolved splitting, J = 6.6 Hz, HCO-t-Ru), 
8.0-8.25 (a series of poorly resolved multiplets, 4 H, 
the bridgehead C-1 and C-7 protons, the endo proton 
on C-9, and the C-6 proton), 8.46 (sharp singlet with 
poorly resolved adjacent multiplet, 3 H, the C-5 and 
exo C-9 protons), 8.85 (a large singlet with a poorly 
resolved multiplet buried under it, 10 H,  0-t-Bu and 
the C-4 proton), and 9.25 (multiplet, 2 H, the 
C-2, C-3 cyclopropyl protons). The spectrum shows 
marked similarity to that of exo-8-hydroxydeltacyclane. 

Discussion 
In  each case, irradiation of solutions of tert-butyl 

hypochlorite and polycyclic alkene in carbon tetra- 
chloride result exclusively in 1,2 addition of the ele- 
ments of tert-butyl hypochlorite. It seems reason- 
ably certain, therefore, that the addition proceeds 
by a radical process, analogous to that suggested by 
Tobler for the addition of tert-butyl hypochlorite to 
norbornene, since extensive rearrangement has been 
observed upon generation of the 6-enclo-tricyclo [3.2.- 
1.0*~4]o~ty1,4 6-ezo-tricyclo[3,2,1.02~4]o~tyl,4~5 and 8- 
deltacycly16 carbonium ions.' Since, as noted above, 
it was not possible to characterize the 6-endo-tricyclo- 
[3.2.1.02~4]octyl radical in our investigation of abstrac- 
tion reactions of 4, the radical 16 generated by tert- 

8 

t-BuO 

t-BuO 

t.BuOC1 t-BuO 

a 
10.11 

V 19 
18 

(4) G. D. Sargent, M. J .  Harrison, and G. Khoury, J .  iimer. C h e m .  Soc., 
91, 4937 (1969); K. 5.  Wiberg and G. R.  Wenzinger, J .  Org. Chenz., 30, 2278 
(1965). 

( 6 )  3. A. Berson, R. G. Bergman. G. M. Clarke, and D. Kege ,  J .  Amer. 
C h e n .  Soc., 90, 3236 (1968); R.  R.  Sauers, J. A .  Beisler, and H. Feilich, 
J .  Org. C h e n . ,  32, 569 (1967); A. K. Colter and R.  C.  Musso, ibid., 30, 2462 
(1965); R. R. Sauers and J. A. Beisler, Tetrahedron Lett., 2181 (1964). 

(6) P. K. Freeman, D. M .  Balls, and J .  N.  Blazevich, J .  AmeT. C h e m .  
Soc., 92, 2051 (1970). 

(7) The evidence for a radical process is qualitative only and rests prin- 
cipally on the lack of skeletal rearrangements and lack of stereospecificity 
found in the addition processes. KO quantum yields were determined. 
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butoxy addition is of considerable interest. The ob- 
servation of a cyclopropylethyl radical rearrangement 
in the chlorination of endo-tricyclooctane 4 suggests, 
a priori, that one might expect interaction and/or 
rearrangement involving either the C-2-C-3 or C-2- 
C-4 cyclopropane bonds. Rearrangement using the 
C-2-C-3 bond would produce the nortricyclylmethyl 
radical 17, while rearrangement via fission of the C-2- 
C-4 bond would result in the tricyclo [3.2.1.02~7]octyl 
radical 18 and/or the 6-exo-tricyclo [3.2.1.0]octyl 
radical 19 (equivalent to a Wagner-Neerwein rearrange- 
ment). Since the chlorides related to these radicals 
are clearly not formed, as evidenced by the nmr spec- 
tra of the addition products, the results are explained 
by chlorine atom transfer to the radical center a t  C-6 
to produce cis,exo (11) and trans (10) adducts in a 
ratio of 57:43. A comparison with the 3-tert-butoxy- 
2-norbornyl radical, which undergoes chain transfer to 
generate a 1 : 4 ratio of cis and trans addition products,2 
suggests that the addition of the endo-fused cyclo- 
propane ring provides steric shielding for endo ap- 
proach, which balances the steric shielding of the exo 
tert-butoxy group. The fact that no monochlorides 
were formed demonstrates that hydrogen abstraction, 
even with trishomocyclopropenyl assistance, cannot 
compete with radical addition to a strained double bond. 

Radical addition of tert-butyl hypochlorite to exo- 
tricyclooctene 7 proceeds via tert-butoxytricyclooctyl 
radical 20 with chlorine atom transfer to C-6, yielding 

&- 
7 

20 c1’ 
13,14 

cis,exo (14) and trans (13) addition products in a ratio 
of 22: 78. Rearrangements involving the C-2-C-3 
and C-2-C-4 cyclopropane bonds can be ruled out by 
consideration of the spectral data of the addition prod- 
ucts. The ratio of exo to endo attack of tert-butyl 
hypochlorite on exo-tricyclooctyl radical 20 is quite 
similar to that of the 3-tert-butoxy-2-norbornyl radical, 
as expected. 

Radical addition of tert-butyl hypochlorite to delta- 
cyclene (9) was considered in order to obtain additional 
evidence which would provide either reinforcement for, 
or an interesting contrast to, the data on addition to 
exo- and endo-tricyclooctene. I n  the case of addition 
to deltacyclene, a cyclopropylethyl radical rearrange- 
ment involving the C-3-C-4 cyclopropane bond is 
more likely than in addition to 7, since it) involves a re- 
arrangement of a secondary radical to a secondary 
radical, in contrast to the secondary to  primary process 
anticipated for 20. Such a process would be analogous 
to that observed in the case of the 8-deltacyclyl car- 
bonium ion6 and would generate the 5-tert-butoxy-8- 
deltacyclyl radical (23). Reduction of the mono- 
chloride(s) 25 formed from 23 with tri-n-butyltin hy- 
dride would have produced 5-tert-butoxydeltacyclane 
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(25, C1 = H). That this route was not utilized, a t  
least to an extent of 93% or greater (the uncertainty 
being due to the unknown contaminant present to an 
extent of 5%), was established by nmr spectral com- 
parison of product tert-butyl ether with an authentic 
sample of 5-tert-butoxydeltacyclane.8 

A cyclopropylethyl rearrangement involving the C-2- 
C-3 bond would result in radical 24, with chain trans- 
fer producing chlorides 26. Since the tert-butyl hy- 
pochlorite adducts labeled as trans and cis above ex- 
hibit splitting in the nmr for hydrogen cy to chlorine 
(trans adduct, doublet of a doublet, J = 4.0, 2.0 Hz; 
cis adduct, doublet, J = 6 Hz), it is clear that neither 
is the expected major rearranged epimer (26, exo Cl), 
for 26 (ex0 C1) should exhibit an unsplit HCCl in 
the nmrq9 The hydrogen a to chlorine in the endo 
epimer 26 (endo C1) would be expected to be split 
(HCC1 in 26, endo C1, 0-t-Bu = 0 appears as a doublet 
of a doublet, J = 8, 2 H Z ) , ~  so that 26 (endo C1) might 
be considered as a structural possibility. This appears 
highly unlikely, however, since we have demonstrated 
above that an endo fused cyclopropane ring provides 
steric shielding of the endo face of radical 16, and thus 
the ratio of exo to endo chain transfer for radical 24 
should be enhanced (>7:1)1° over that expected for 
norbornyl and one would not expect to observe 26 
(endo C1) if 26 (ex0 C1) is not observed. R4oreover, 
tri-n-butyltin hydride reduction of both major tert- 
butyl hypochlorite adducts to the same tert-butyl ether 
strongly suggests that the adducts are epimers. Thus, 
addition proceeds via 21 to exo,endo epimers 22. 

I n  summary, we find that the irradiation of tert- 
butyl hypochlorite in the presence of endo-tricyclo- 
octene 8, exo-tricyclooctene 7, and deltacyclene (9) 
results in radical addition of tert-butoxy, which pro- 
duces a classical radical, which, in turn, undergoes 
chain transfer to form tert-butyl hypochlorite adduct, 
a step which appears to be simply controlled by steric 
factors. There is no evidence for participation of the 
cyclopropane bonds in cyclopropylethyl rearrange- 
ments, and the radical addition to the strained alkene 
double bond, in each case, is rapid enough to mask 
all hydrogen abstraction reactions, anchimerically 
assisted or not. 

Experimental Section 
All melting points were determined using a Buchi melting 

point apparatus and are corrected. All boiling points are un- 
corrected. Infrared spectra were recorded on a Beckman Model 
IR-8 infrared spectrophotometer, Xmr spectra were recorded on 
a Varian Associates A-60 or HA-100 nmr spectrometer. Mass 
spectra were measured using an Atlas CH7 mass spectrometer. 
Elemental analyses were performed by Alfred Bernhardt, Mikro- 
analytisches Laboratorium, West Germany, or Dornis U. Kolbe, 
West Germany. Vpc analyses were carried out using an F & 
M Model 700 chromatograph equipped with dual columns and 
thermal conductivity detectors or a Varian Aerograph series 1200 
chromatograph equipped with a flame ionization detector I The 
following columns were employed: (1) 18 ft X 0.25 in. alu- 

(8) We express our appreciation to Professor P. v. R .  Schleyer for pro- 
viding us with nmr spectral data  for 5-tert-butoxydeltacyclane. 

(9) Related derivatives, 26 (exo C1, t-BuO = =O), 26 (C1 = exo OAc, 
t-BuO = =O), and 26 (Cl = exo OAc, t-BuO = H) show a singlet for the 
corresponding proton a to C1 in the first case and a to OAc in the latter 
two cases; in contrast the epimeric hydrogen appears as a doublet of a 
doublet: 

(10) P. D. Bartlett,  G. N. Fickes, F. C. Haupt ,  and R. Helgeson, 
Accounts C h e n .  Res. ,  8,  177 (1970). 

B. K. Stevenson and D. H. Jones, unpublished observations. 
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0-t-Bu / 22 

23 23 24 24 

1 
0-t-Bu 

c1 
25 

minimum column containing 15% QF-1 on Anakrom 70-80 ABS; 
(2) 28 ft X 0.25 in. aluminum column containing 9% FFAP on 
Anakrom 70-80 ABS. 

Reaction of ezo-Tricyclo [3.2 I 1 .0214] oct-6-ene with tert-Butyl 
Hypochlorite.-The title olefin (1.40 g, 13.2 mmol) was dissolved 
in 4 ml of carbon tetrachloride in a flask provided with a reflux 
condenser, a drying tube, and a magnetic stirrer. The flask 
was covered with aluminum foil to avoid exposure to light. 
After addition of tert-butyl hypochlorite (0.71 g, 6.5 mmol), the 
foil was removed and the flask was placed in a 40 i 2" bath and 
irradiated for 20 min with a 300-W Sylvania light bulb from a 
distance of 1 in. After partial removal of volatile components a t  
reduced pressure (20 mm), the mixture (1.37 g) was analyzed by 
vpc (column 1, 140", 40 ml/min). The product mixture con- 
tained two components in the ratio of 78:22 (in the order of in- 
creasing retention times) in a yield of 56%. 

The 78% component was identified as em-6-tert-butoxy- 
endo-i-chloro-exo-tricyclo[3.2.1 .0234] octane (trans adduct) on the 
basis of its spectral data: ir (neat) 3088 and 3032 (w, cyclo- 
propane C-H stretching), 1190 (s), 1116 (s), 1064 (s), 1030 (s) 
(C-0 stretching region), 806 (s) and 755 cm-l (m) (C-Cl stretch- 
ing region); nmr (100 MHz, CCl4) T 6.22 (poorly resolved doublet 
of doublet, J = 2.9, 2.0 Hz, HCCl), 6.61 (triplet, J = 2.0 Hz, 
HCO-t-Bu), 7.63 (unresolved multiplet, bridgehead proton p 
to chlorine), 7.94 (singlet, the bridgehead proton p to tert- 
butoxy), 8.5-8.9 (multiplets with a large singlet a t  8.86, 11 H, 
the anti C-8 proton, the tert-butoxy protons, and the C-4 proton), 
9.08 (a poorly resolved multiplet of a doublet of an AB pattern, 
J = 12 Hz, the syn C-8 proton), 9.2-9.5 (multiplets, the C-2 
proton and the syn C-4 proton), and 9.65-9.92 (a quartet, J = 7 
Hx, the anti C-3 proton). 

Anal. Calcd for C12H1Q0C1: C, 67.13; H, 8.92. Found: 
C, 67.29; H, 9.07. 

The 22% component was identified as ezo-6-tert-butoxy-eso-7- 
chloro-exo-tricyclo[3.2.1 .O2'4]octane (cis adduct) on the basis of 
its spectral data: ir (neat) 3092 (w) and 3032 (s), both assign- 
able to cyclopropane C-H stretching, 1195 (s), 1110 (s), 1090 
(s) ,  1080 (s), 1030 (s) (C-0 stretching, region), 745 (s), 712 cm-l 
(s) (C-Cl stretching region); nmr (100 MHz, CCl,), T 6.23 
(doublet of a doublet, J = 6.0, 2.3 Hz, HCCI), 6.51 (doublet of 
a doublet, J = 6, 1.9 Hz, 1 H ,  HCO-t-Bu), 7.69 (singlet, 1 H, 
the bridgehead proton p to chlorine), 7.96 (singlet, 1 H ,  the 
bridgehead proton p to tert-butoxy), 8.55 (a doublet of an AB 
pattern, J = 11 Hz, the anti C-8 proton), 8.83 (a large singlet, 
9 H ,  the tert-butoxy protons), 9.25 (an unresolved multiplet 
of a doublet of an AB pattern, J = 11 He, the syn C-8 proton), 
9.3-9.3 (multiplet, 3 H, the C-2, C-4, and syn C-3 protons), 
and 9.7-9.9 (multiplet, the anti C-3 proton). 

Anal. Calcd for ClzH190C1: C, 67.13; H, 8.92. Found: 
C, 67.05; H, 8.72. 
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Reduction of the Trans Adduct, exo-6-tert-Butoxy-endo-7- 
chloro-ezo-tricyclo [3.2.1 .02*4] octane, with Tri-n-butyltin Hy- 
dride.-A sample of the trans adduct (0.12 g, 0.56 mmol) was 
combined with tri-n-butyltin hydride (0.17 g, 0.58 mmol) and a 
crystal of AIBK in a small tube, and the tube waT sealed and 
placed in a 95' bath. After 12 hr the tube was cooled and opened 
and the contents were analyzed by vpc (column 2, l55", 40 
ml/min). There was only one product, estimated to be formed 
in a yield of ca. 90%. The product was identified as em-6-tert- 
butoxy-ezo-tricyclo[3.2.1 .02f4] octane on the basis of its spectral 
data and the similarity of its nmr spectrum to that of exo- 
6-hydroxy-ezo-tricyclo[3.2.1.02~4]octane: ir (neat) 3092 (w), 
3016 (m) (cyclopropane C-H stretching), 1195 ( 5 ) ,  1185 (s), 1155 
( s ) ,  1088 (s), 1060 (s), 1025 cm-1 (s) (C-0 stretching region); 
nmr (100 MHz, CCl,) T 6.54 (doublet of a doublet of a doublet, J 
= 7.0, 3, 1 Hz, HCO-t-Bu), 7.87 (poorly resolved multiplet, the 
bridgehead proton p to tert-butoxy), 7.95 (singlet, 1 H, the other 
bridgehead proton), 8.35 (a doublet of an AB pattern split 
additionally by 2 H, J = 12.5,7.0, 2.2 Hz, the endo C-7 proton), 
8.75 (a doublet of an AB pattern split into a pair of triplets, 
J = 12.5, 3 Hz, the exo C-7 proton), 8.86 (singlet, 9 H ,  the 
tert-butoxy protons), 8.96 (a doublet of an AB pattern, J = 
12 Hz, the anti C-8 proton), 9.28 (a doublet of an AB pattern, 
J = 12 Hz, with additional splitting by 3 H, J = 1 Hz, the syn 
C-8 proton), 9.35-9.6 (multiplet, the C-2, (3-4, and syn C-3 
protons), and 9.85-10.09 (multiplet, 1 H ,  the anti C-3 protons). 

Anal. Calcd for C12H200: C, 79.91; H, 11.19. Found: C, 
79.93; H, 11.15. 

Reduction of the Cis Adduct, exo-6-tert-Butoxy-ezo-7-chloro-ezo- 
tricyclo[3.2.1 .O2,4] octane, with Tri-n-butylth Hydride.-The cis 
adduct (0.044 g, 0.21 mmol) was reduced with Iri-n-butyltin 
hydride (0.0575 g, 0.198 mmol) with AIBN initiation under 
conditions identical with those employed for the trans adduct. 
Vpc analysis (column 2, l55", 40 ml/min) showed only one 
product, in a yield of ca. 647,, which had retention time and ir 
mectrum identical with those of the product obtained from the 
t k i s  adduct. 

Reaction of endo-Tricvclol3.2.1 .02s41 oct-6-ene with tert-Butyl 
Hypochlorite.-The end; olefin (3.13 g, 29.5 mmol) in 6 ml of 
carbon tetrachloride was irradiated with tert-butyl hypochlorite 
(1.57 g, 14..5 mmol) for 20 min at 40 f 2' with a 300-IT' Sylvania 
light bulb as in the case of the exo olefin. After partial removal 
of solvent at reduced pressure, the mixture was analyzed by vpc 
(column 1, 140", 40 ml/min). Two adducts were observed 
in the ratio 43:57 in the order of increasing retention times, 
formed in a yield of 59%. There was no peak in the mono- 
chloride region. 

The 43'33 component was identified as ezo-6-tert-butoxy-endo- 
i-chloro-endo-tricyc10[3.2.1.0~ 4 1  octane (trans adduct) on the 
basis of its spectral data: ir (neat) 3096 (w), 3040 (w) (cyclo- 
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propane C-H stretching), 1190 (s), 1125 (s), 1096 (s), 1065 (s), 
1040 (s) (C-0 stretching region), 783 (m), 770 (m), 748 (m) and 
736 cm-I (m); nmr (100 MHz, CCla) 7 6.24 (doublet of a triplet, 
J = 3.4, 0.7 Hz, HCCl), 6.58 (broad, poorly resolved multiplet, 
Wlip = 5 Hz, RCO-t-Bu), 7.5 (envelope, 1 H ,  the bridgehead 
proton p to chlorine), 7.9 (envelope, 1 H ,  the bridgehead proton 
p to tert-butoxy), 8.0 (a broad singlet, 2 H ,  the C-8 protons), 8.28 
(a pair of overlapping triplets, J = 7, 3 Hz, the syn C-3 proton), 
8.55-8.75 (multiplet, the C-2 and C-4 protons), 8.82 (singlet, 
9 H ,  the tert-butoxy protons), and 9.03 (multiplet, the anti C-3 
proton). 

Anal. Calcd for CizH1sOCl: C, 67.13; H ,  8.92. Found: 
C ,  67.10; 8.89. 

The 57YG component was identified as exo-6-tert-butoxy-exo- 
7-chloro-endo-tricyclo[3.2.1 .0* 4]octane on a consideration of its 
spectral data: ir (neat) 3080 (shoulder), 3032 (shoulder) (cyclo- 
propane C-H stretching), 1190 (s), 1114 (s), 1104 (s), 1042 (s) 
(C-0 stretching region), 780 (s), 770 (s), 757 (m), 750 (s), 718 
cm-I (s) (C-C1 stretching region); nmr (100 RTHz;, CCla) 7 6.36 
(doublet of a doublet, J = 5.6, 1.7 Hz, HCCl), 6.68 (doublet of a 
doublet, J = 5.6, 1.7 Ha, HCO-t-Bu), 7.68 (envelope, the bridge- 
head proton p t o  chlorine), 7.73 (a component of an AB pattern, 
J = 9.5 Hz, the anti C-8 proton), 7.92 (envelope, 1 H ,  the bridge- 
head proton p to tert-butoxy), 8.15 (multiplet of the B doublet of 
the AB pattern, J = 9.5 Hz, the syn C-8 proton), 8.60-8.80 
(multiplet, the C-2 and C-4 protons), 8.82 (singlet, 9 H ,  the 
tert-butoxy protons), and 9.0-9.35 (complex multiplet, the C-3 
protons). 

Anal. Calcd for ClzH190C1: C, 67.13; H ,  8.92. Found: 
C, 67.11; H ,  8.90. 

Reduction off the Trans Adduct, exo-6-tert-Butoxy-endo-7- 
chloro-endo-tricyclo[3.2.1 .02 4]octane, with Tri-n-butyltin Hy- 
dride.-The trans adduct (0.081 g, 0.38 mmol) was treated 
with tri-n-hutyltin hydride (0.114 g, 0.392 mmol) and cyclo- 
hexane (60 pl) in a small tube. Approximately 5 p1 was removed 
for later analysis. A crystal of AIBN was added and the tube 
was sealed and placed in a 95" bath for 12 hr. Vpc analysis 
(column 2, l.X0, 40 ml/min) showed only one product, formed 
in a yield of 75% (os. cyclohexane internal standard). The 
product was identified as ezo-6-tert-butoxy-endo-tricyclo- 
[3.2.1.02,4]octane on the basis of its spectral data and on the 
basis of the similarity of its nmr spectrum to that of ero-6- 
hydroxy-endo-tricyclo[3.2.1.0~ 4]octene: ir (neat) 3064 (w), 
3016 (shoulder) (cyclopropane C-H stretching), 1194 (s), 1086 
(s), and 1030 em-' (s) (C-0 stretching region); nmr (100 AIHz, 
CCl4) T 6.74 (doublet of doublets, J = 6.4, 3.0 Hz, finer splitting 
of each of the lines to about 0.5 Hz was also obsei-vable, HCO- 
t-Bu), 7.8 (unresolved multiplet, bridgehead proton p to tert- 
butoxy), 8.0 (unresolved multiplet, 1 H ,  the other bridgehead 
proton), 8.2 (broad singlet, 2 H, the C-8 protons), 8.6-8.86 
(complex multiplets, 4 H,  protons on C-7, (2-2, and C-4), 8.9 
(singlet, 9 H ,  tert-butoxy protons), 9.1-9.45 (complex multiplets, 
2 H ,  protons on C-3). 

Anal. Calcd for ClzHzoO: C, 79.91; H ,  11.19. Found: 
C, 79.80; H ,  11 .00. 

Reduction of the Cis Adduct, ezo-6-tert-Butoxy-exo-7-chloro- 
endo-tricyclo [3.2.1 .02 octane, with Tri-n-butyltin Hydride .-A 
sample of the cis adduct (0.15 g, 0.71 mmol) was reduced with 
tri-n-butyltin hydride (0.21 g, 0.73 mmol), cyclohexane (130 
pl), and a crystal of AIBN under conditions identical with those 
used for the trans isomer. Vpc analysis (column 2, 155O, 40 
ml/min) showed only one product in a yield of ca. 97y0 (us. 
cyclohexane internal standard). The sole product was identical 
with the one obtained from the trans adduct as observed by com- 
parison of vpc retention times and ir spectra. 

Reaction of Deltacyclene with tert-Butyl Hypochlorite .-The 
reaction of deltacyclene" (4.00 g, 34 mmol) in carbon tetra- 
chloride (11 ml) with tert-butyl hypochlorite (1.84 g, 17 mmol) 
was performed exactly as above for the other olefins. Vpc 
analysis of the products (column 1, l S 0 ,  45 ml/min), after 
partial removal of solvent a t  reduced pressure (20 mm), showed 
four peak3 in the ratio 12.5:4.5:66: 17 in the order of increasing 
retention times. The 12.5y0 component showed a multiplicity 
of signals, including aromatic proton signals, in the nmr and 

(11) P. K.  Freeman and D. 31. Balls, J .  Ore. Chem., 32, 2354 (1967); 
T. J. Katz. J. C. Carnahan, Jr., and R.  Boeoke, J .  Org. Chem.. 8 2 ,  1301 
(1967); ,J, M. Mrowca and T.  J. Kats ,  J. Amer. Chem. Soc., 88, 4012 
(1966). 
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possibly arose from indene, a contaminant in deltacyclene. The 
4.570 component on further vpc analysis was found to be a mix- 
ture of four components none of which showed the correct 
molecular weight for the monochloride or the tert-butyl hypo- 
chlorite addition product on mass spectra analysis. 

The 66 and 17% components were identified as the trans and 
cis adducts on the basis of their spectral data and on the basis of 
their reduction to ero-8-tert-butoxydeltacyclane. The trans 
adduct (66y0 component) had the following spectral character- 
istics: ir (neat) 3056 (w) (cyclopropane C-H stretching), 1185 
(s), 1152 (m),  1060 (s), 1021 (s) (C-0 stretching region), 800 
(s) (nortricyclene), 790 (s), 775 (m), 733 cm-l (m) (C-C1 stretch- 
ing region); nmr (100 MHz, CC1,) 7 6.07 (doublet of a doublet, 
J = 4.0, 2.0 Ha, HCCl), 6.24 (poorly resolved doublet, J = 
2 Hz, HCO-t-Bu), 7.8 (unresolved multiplet, bridgehead proton 
p to chlorine), 7.88 (unresolved multiplet, bridgehead proton 
p to tert-butoxy), 8.15 (unresolved triplet, C-6 proton), 8.42 
(singlet, 2 H ,  C-5 protons, 8.74 (singlet, 2 H ,  C-2 and C-3 
protons), 8.82 (singlet, 9 H ,  tert-butoxy protons), 9-9.15 (multi- 
plet, the C-4proton). 

Anal. Calcd for CIqHlaOC1: C. 68.85: H .  8.45. Found: _" _. I ,  

C,  68.58; H ,  8.23. 
The cis adduct (17y0 component) was contaminated to the 

extent of about 32y0 by an unidentified material: ir (neat) 3056 
(w) (cyclopropane C-H stretching), 1185 (m), 1086 (3) ((2-0 
stretching region), 800 (s) (nortricyclene ring), 765 (w), 715 
cm-l (w) (C-Cl stretching region); nmr (100 LIZ, CCla) 7 5.9 
(doublet,J = 6.0Hz)and6.15(doublet ,J  = 6Hz) .  

Anal. Calcd for C13H190C1: C, 68.85; H ,  8.45. Found: 
C,68.50; H, 8.23. 

Reduction of the Trans Adduct, exo-S-tert-Butoxy-endo-9- 
chlorodeltacyclane, with Tri-n-butyltin Hydride .-A sample of 
the trans adduct (0.1780 g, 0.786 mmol) was treated with tri-n- 
butyltin hydride (0.25 g, 0.85 mmol) and cyclohexane (100 pl) 
in a small tube. Approximately 4 pl was removed for later 
analysis. A crystal of AIBS was added and the tube was sealed 
and placed in a 95" bath for 10 hr. After cooling to room tem- 
perature, the tube was opened and the contents were analyzed by 
vpc (column 2, 155O, 40 ml/min). There was only one product 
(ca .  81% yield os. cyclohexane internal standard) which was 
identified as exo-8-tert-hutoxydeltacyclaiie on the basis of its 
spectral data and the 3imilarity of its nmr spectrum to that of 
ezo-8-hydroxydeltacyclane: ir (neat) 3056 (w) (cyclopropane 
C-H stretching), 1190 (s), 1178 (s), 1136 (m),  1070 (s), 1040 
cm-l (s) (all C-0 stretching region); nmr (100 AIHz, CCL) 
7 6.2 (poorly resolved multiplet of a doublet, J = 6.6 Hz, HCO- 
t-Bu), 8-8.25 (a series of poorly resolved multiplets, 4 H ,  bridge- 
head protons on C-1 and C-7, endo proton on C-9 and the proton 
on C-6), 8.46 (singlet with adjacent multiplet, 3 H ,  C-5 and exo 
C-9 protons), 8.85 (large singlet with a poorly resolved multiplet 
buried under it, 10 H ,  tert-butoxy and the C-4 protons), and 9.2; 
(multiplet, 2 €1, the C-2 and C-3 cyclopropyl protons). 

Anal. Calcd for C13H200: C,  81.17; H, 10.49. Found: 
C ,  81.30; H ,  10.62. 

Reduction of the Cis-Adduct, exo-8-tert-Butoxy-em-9-chloro- 
deltacyclane, with Tri-n-butyltin Hydride.-The cis adduct 
(0.0490 g, 0.22 mmol) was reduced with tri-n-hutyltin hydride 
(0.0680 g, 0.23 mmol), cyclohexane (ea. 40 pl), and a crystal of 
AIBN a t  95" for 10 hr. Vpc analysis (column 2, 155°, 40 ml/ 
min) showed two products in the ratio of 68: 32 in a yield of ca. 
67%. The 687, component was identical (retention time and ir) 
with the sole product obtained on reduction of the trans adduct. 
The 3270 component could not be isolated in sufficient quantities 
to enable its characterization. 

Registry No.-7, 3635-95-8; 8, 3635-94-7; 9, 7785- 
10-6; 10, 36005-00-2; 11, 36005-01-3; 12, 36005-02-4; 
13, 36005-03-5; 14, 36005-04-6; 15, 36005-05-73 22 
(endo Cl), 36005-06-8; 22 (ex0 Cl), 36005-07-9; 22 
(C1 = H), 36005-08-0; tert-butyl hypochlorite, 507- 
40-4. 
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