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The structure of the adduct obtained from the reaction of tetracycIo[3.2.0.03-7.- 
04.6]heptane (quadricyclane with di-~-chlorotetracarbonyldirhodium( I) has 
been established on the basis of chemical evidence. The structure proposed by 
Cassa.r and Halpem was confirmed on the basis of the tricyclic alcohol isolated 
from the lithium aluminum deuteride reduction of the initially formed rhodium 
containing adduct. 

In 1970, Cassa~ and Halpem suggested that the addition of quadricyclane 
(I) to di-Cc-chlorotetracarbonykiirhodium(1) (II) produced a l/l adduct (III) in 
which only one of the C-C bonds of the quadricyclane had been broken [ 21. 
This structural assignment was based on elemental analysis, infrared data, the 
reported conversion of III to IV on treatment with triphenylphosphine, and 
analogy [3]. In view of our own deep involvement in the area of transition metal 
complex promoted rearrangements of strained ring systems [4] and the exten- 
sive interest of numerous groups in the rearrangment of quadricyclanes [ 51, we 
felt that the observations of Cassar and Halpern were of sufficient significance 
to merit a more rigorous verification of the structure of III. Our interest in this 
verification was strengthened by our inability to repeat the conversion of III in- 
to IV as reported_ (We have since learned that the conversion of III into IV in 

’ For part XL111 see ref. 1. 
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+ [RhKO),CI]2 - 
!CgHq)3? 

the presence of tnphenylphosphine will occur only if the reaction is carried out 
under a carbon monoxide atmosphere.) 

The preparation of III was accomplished as reported. in order to confirm 
the formation of a carbon-carbon bond between the carbonyi group and the 
seven-carbon skeleton, the complex was reduced wth lithium aluminum hydride’ 
to give 3-nortricyclylcarbinol (V) [ 71. The alcohol was identical in all respects 
to that obtained via the reduction of the nortricyclane carbosylic acid (VI) [S]. 

The formation of V from III established that one of the carbonyl groups 
of II had become bonded to the modified quadricyclyl skeleton. However, it did 
not provide any information about the presence or posilion of the postulated 
bond from the modified quadricyclyl skeleton to the rhodium. Reduction of 
211 with lithium aluminum deuteride in pyridine gave a sample of V containing 
three deuterium atoms(VIl).The NhlR spectrum of thiscompound established 
that two of the deuterium atoms reside on the carbinol moiety, as was antici- 
pated. Unfortunately, the exact position of the third deuterium atom could not 

LtAlH: 
‘_ 

- 
(O’N 
LJ 

l_tAiH; 

(!a) 

(Di) 
be established unequivocally on the basis of a comparison of the NMR spectra 
of V and VII. Attempts to establish the position of the third deutenum atom by 
mass spectroscopy provided an addittonal complication. A major peak for VII 
was P-19. It was established that this major fragment&on pattern involved loss 
of DOH which raised the question of whether the onginally isolated comples 
had structure III as postulated, or whether a hydrogen shift had occurred to pro- 
duce VIII which would have been reduced to IX. The loss of DOH from IX would 
appear to the preferable to the loss of DOH from VII. In order to resolve this ap- 
parent ambiguity, compounds IX and X were prepared. The synthesis of X was 
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accomphshed via the lithmm aluminum deuteride reductron of VI. In order to 
prepare IX, VI was first treated with an excess of lithium diisopropyl amide to 

(EJX) 

give a dianron, whrch 
carbosyhc acrd (XI). 

t D20H i 

on quenching with deuterium oside, gave the a-deuterated 
Reduction of this material wrth iithrum aluminum deuter- 

ide gave IX. The IR and NhlR spectra of IX were different from those of the re- 
duction product obtained from the rhodium containing adduct, which eliminated 
VIII as a possible structure. 

A comparison of the NMR spectra and mass spectral cracking patterns of 
V, VII, 1.X and X firmly establrshed VII as the structure of the deutende reduc-. 
tion product obtained from the rhodium containing adduct. As shown in Table 1, 
the mass spectral cracking patterns show the loss of water (or deuterated water) 
and of the carbinol morety. The pattern for IX showed retention of all of the 
deutenum atoms in the m/e 109 peak. This indicated that the loss of water in- 
volved neither an a- nor a /I-eliminatron. Srnce VII lost HOD, it is required that 
the deuterium atom come from a positron other than the positions a- or p- to 
the hydrovyl group. Bamng a major rearrangement, of the hydrocarbon skeleton 
(which was ruled out by the comparison of V with an authentic sample), the 
most likely position remaining for loss of a deuterrum atom as labeled water 
would be as shown rn VII. 

The NMR spectra of V, VII, LX and X showed the bridgehead hydrogen, 
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TABLE 1 

COMPARISON OF MASS SPECTRAL FR~G~~ENTATION PATTERNS Of THE 3-NORTRfCYCLYL- 
CARBINOLS (RELATIVE rNTENSITIES OF m/e 127-80) 

m/e V VII Lx x 

127 36 50 
126 42 
121 29 
109 33a 
108 25= 39" 
106 30= 
94 IOOd IOOd 
93 79b 58 32 IO& 
92 68 47 26 
91 100 56 
80 95 42 32 26 

.---- -- 

a - HOH. ’ - CHzOH. = - HOD. ’ - CD20H. 

H,, as a broad singlet at T 8.09 + 0.01. The Q-proton, H,, appeared as a triplet 
at r 3.27 for V, a singlet at T 8.28 for X, md a singlet at i S.26 for VII. For IS, 
no signal was observed in this region. 

We feel that the data presented above conclusively estabiish the presence 
of a carbon-rhodium bond and a new bond between the modrfied quadncyclyl 
skefeton and one of the catbonyl groups of II. Our endings tend to support the 
S~IJC~HX? of the l/l adduct of quadricyclane and di-pchlorot :tmcarbonyldirho- 
d.ium(I) origin&Iy postulated by Cassar and Halpem*. The exact, mechanistic de- 
tail whereby the “oxtdative addttion’ [Z] product is formed remains to be eluci- 
dated. 

Experimental 

Quadricyclane (I) was prepared by the method of Smith [9], di-p-chloro- 
te~c~bonyId~hoditim(I) (Ii) was prepared by the method of McCieverty and 
Wilkinson [ lOI_ and 3-bromonortricyclane was prepared by the method of 
Roberts and coworkers [ 81. 

L7i-~-chlorotetracarbonyldirhodium(l)-q~adri~clane adduct f fli) 
In a three-necked, 250 ml round-oottomed flask, equipped with a magnetic 

stirrer, condenser, argon atmosphere and an Ice bath, was placed 3.6 g (9.25 
mmoI) of II and 200 ml of purified techmcal pentane. Quadricyciane (2.5 g, 27.2 
mmol) was added dropwise and after a brief induction period of ea. 2 min a 
bright yehow precipitate formed. The reaction mixture was stirred for an addi- 
tional 2 h with ~JI increased argon flow to reduce the pentane volume to ca. 75 
ml. The bright yellow adduct III was collected by vacuum filtration, washed with 
pentme, and dried under vacuum to afford 4.76 g (90%) of the adduct. An m- 
frared spectrum in KBr (Perkin-Elmer Model 457) showed carbonyl bands at 
2970,201O (sh) cm-l, and a band at 1735 cm-i which was attributed to the in- 
serted carbonyl (ht. [2] 2070 and 1750 cm-i). 
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Attempted preparation of the d&inserted carbanyl rhodium-quadricyclane com- 
plex (1 V) with triphenylphosphine 

A solution of 1.35 g (2.35 mmol) of the previously prepared adduct (III) 
in20mlofpurified chloroform was treated with a solution of 2.38 g (9.1 
mmol) of triphenylphosphine in ca. 12 ml of chloroform. The reaction mix- 
ture was stirred for 2 h, the volume of chloroform was reduced to 15 ml, and 
40 ml of purified technical pentane was added to precipitate a bright yellow 
product, which was vacuum filtered and washed with pentane to afford 1.19 
g of product. The solvent was evaporated to yield another 1.34 g of product. 
Infrared spectra of both products showed them to be carbonylchLorobis(tn- 
phenylphosphine)rhodlum by comparison with a previously prepared sample. 
The second product showed several hydrocarbon bands which where attn- 
buted to polymer formation. The formation of carbonylchlorobis(triphenyl- 
phosphlne)rhodium under similar conditions was previously noted in the work 
of McQuillin and Powell 161. 

Reduction of the adduct III with Lithium aluminum hydrrde 
Punfied pyridine (20 ml) wasadded to 1.0 g(1.S mmol) of III in a three- 

necked, 100 ml, round-bottomed flask, equipped with a condenser, drying 
tube and magnetic stirrer The bright yellow solution was cooled with an ice- 
salt bath and purged with argon. To the solution was slowly added 0.6 g (16.0 
mmol) of lithium aluminum hydride. The solution gradually turned very dark 
and was stirred for 24 h at room temperature. Hydrochloric acid (4 ml, 10%) 

was added droplvlse and the reaction mixture w% transferred to a separatory 
funnel and extracted with a total of 300 ml of ether. The ether was extracted 
with 10% hydrochloric acid until the extract was distinctly acidic, and the 
organic phase was dried over anhydrous magnesium sulphate. After filtration, 
the ether was removed by slow distillation through a glass helices packed column 
to afford ca. 1.5 ml of residue, which by gas chromatography (l/S in X 10 ft, 
15% diethylene glycol succmate on 60/80 Chromosorb P at 90-100°C) showed 
the composition to be ca. 30% ether, 35% 3-nortricyclylcarbinol (V) and 30% 
dimers. The IR spectrum of V was identical to the one obtained from the pre- 
viously prepared alcohol and was quite different from the corresponding spec- 
trum of 4-norbom-2-enylcarbinol. The sample was analyzed by CC-MS along 
with the 3-nortricyclylcarbinol prepared from VI and the 4-norbom-2-enyl- 
carblnol which confirmed the formation of the 3-llortricyclylcarbinol (V). The 
dimers had molecular welgl-ts of 186 (CIJH,s) and 188 (C1qH20). 

Reduction of the adduct III with lithium aluminum deuteride 
Purified pyndine (40 ml) was added to 2.0 g (3.5 mmol) of III In a three- 

necked, 250 ml, round-bottomed flask, equipped with a condenser, drying tube, 
magnetic stirrer, and argon atmosphere. The yellow solution was cooled with 
an ice-acetone bath (ca. -8 “C). To ihe solution was slowly added 1.35 g (32.2 
mmol) of lithium aluminum deuteride. The solution gradually turned very dark 
and was stirred 20 h at room temperature and ca. 40 ml of deuterium oxide was 
added dropwise to quench the reaction. The reaction mixture was transferred 
to a separatory funnel and estracted with a total of 500 ml of ether. The ether 
was extracted with 10% hydrochloric acid until the water phase was distinctly 
acidic., the organic phase was dried over anhydrous magnesium sulphate, 
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filtered, and the ether was removed by slow dlstdlatlon through a glass he!ices 
packed column to afford 1.35 g of residue. Gas-liquid chromatography (DEGS 
column) showed ca 15% e tier, 54% aicohol (VII), and 13% timer. GC-MS. 
NbIR, and IR analyses confirmed the formatton of the tndeuterated alcohol. IR 
(neat): 3.98,3.25,3.39,3.-16,4.52 w, 4.79 w, 9.12, 12.39, and 12.60 P; NMR 
(100 MHz): 7 6.53 (br, s) 7.72 (s), S.10 (s), 8.26 (s), and S-40-9.20 (m); mass 
spec. determined mol. wt. found: 127.107-l. CBH,D30caJcd.: 127.1076. 

3-Curboxynortricyclane (VI) 
A solution of 90 g (0.52 mol) of 3-bromonortricyclane In 200 ml of anhy- 

drous ether was slowly added to a rapidly stirred suspension of 15.8 g (0.65 mol) 
of magnesium turnings and several drops of ethylene dlbromide in 400 ml of 
ether under an argon atmosphere. The reaction mixture was gently reflused for 
1 h and then force fiitered into a suspension of ca. 400 g of dry ice in 400 ml of 
ether, and stu-red for 10 h under argon. Hydrochlonc aced (200 ml, 10%) was 
added, the ether layer was separated and extracted with 100 ml of 10% hydro- 
chloric acid and the combined water phases were extracted with 100 ml of ether. 
The ether was dried over anhydrous magnesium sulphate and removed by rotary 
evaporation to yield an oily solrd. Recrystallization from purified technical pen- 
tane was unsatisfactory. The oily solid was t&en up in 150 ml of ether and 
treated with 400 ml of 7%. sodium hydroside. The water phase was separated. 
extracted with 100 ml of ether, acidified with 10% hydrochlonc acid, estracted 
with 400 ml of ether, dried over anhydrous magnesium sulphate, and filtered. 
The ether was removed by rotary evaporation to afford 62.3 g (86%) of VI, m.p. 
42-46 “C (lit. [S] m-p. 40-50.6 “C or 43-45 “C). IR (neat): 3.37, 5.83, 7.0-J, 7.S2, 
8.08, 10.61, 12.31, and 12.50 P: NhlR (60 JIHz): 7 S-60 (m, 7H), 7.7-l (s, 1H), 
7.50 (s, 1H) and -1.70 (s, 1H). 

3-IVorlri~clylcarbrnol (V) 
To a slurry of 1.5 g of lithium aluminum hydride in ether was slowly added 

4.5 g (33 mmol) of VI in 25 ml of ether. The reactlon mixture was stirred for 
20 h at 25 “C and 5 ml of 10% hydrochloric acid was added to destroy the excess 
hfhium aluminum hydride. The ether layer was separated and the water phase was 
extracted with a total of 75 ml of ether. The ether was dried over anhydrocs mag- 
neslum sulphate, filtered and distilled through a Vigreus column. The residue was 
vacunm &stllled to yield 3.5 g (SS%) of V, b.p. 72-74 “C/2.5 mm [IIt. [‘i) 92- 
95.5 “C/9.5 mm]. IR(neat): 2.84,3.22,3.36,3.46, 9.59, and 12.42 p: NhIR 
(100 MHz): ‘c 6.03 (s), 6.50 (m), 8.10 (s), 8.27 (t), and S.AO-9.20 (m). 

u-Deulerio-3.carboxynorkicyclane (A-1) 
In a 100 ml Schlenk reaction vessel equipped with a magnetic stirrer, rubber 

septum, addition funnel and argon atmosphere, was placed 60 ml of anhydrous 
tetrahydrofuran and 3.03 g (30 mmol) of diisopropylamine. The solution was 
cooled to -12°C and 37 mmol of n-butyllithium in 22 ml of hesane was slowly 
added. The solution was stirred for 0.5 h and 2.0 g (14 mmol) of VI in 15 ml of 
tetrahycisofut-an was added dropwise. The temperature was maintamed at < -20 OC 
for 18 h, deuterium oside was added, the solution ws stirred for 1.5 h at 
room temperature, and 15 ml of S% hydrochloric acid wa added. The organic 
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solvents were removed by rotary evaporation and the residue was extracted 
with ether, dried over anhydrous magnesium sulphate, filtered and the ether 
removed. NMR analysis indicated ca. 60% mono-deuterium incorporation. The 
above sequence was repeated on this material and the acid was purified by es- 
traction with 5% sodium hydroxide, acidification and ether estractlon to yield 
1.2 g (60%) of thea-monodeuterated acid. NhlR analysis indicated 92% mono- 
deuterium incorporation, confirmed by mass spectroscopy which showed 94% 
mono-deuterium incorporation 

Lithium aluminum deuteride reduction of Xl 
To a slurry of 0.5 g of ilthium aluminum deuteride in anhydrous ether 

(cooled to -8 “C) was slowly added 1.0 g (7.2 mmoi) of a-deuterio-3-carbosy- 
nortricyclane (Xi) m 10 ml of ether. The reactlon misture was stlrred for 70 h 
at room temperature and 40 ml of i% hydrochionc acid was added. The ether 
layer was separated and the water phase was estracted with 75 ml of ether. The 
ether was dried ever anhydrous magnesium suiphate, filtered, and the solvent re- 
moved by rotary evaporation to yield a slightly yellow oil which was vacuum 
dIstilled to afford 0.78 g (85%) of the tri-deuterated alcohol IX. IR (neat): 2.96, 
3.23, 3.38, 3.48, 4.52 w, 4.72 w, 10.30, and 12.50 I-(; NRlR (100 MHz): r 6.23 (s), 
S.09 (s) and S.40.9.20 (m). 

Lllhlum aluminum deu terlde reduclron of VI 
Utilizing the method described above for the preparation of V and IS, VI 

was reduced wtth Ilthlum aluminum deuteride to produce X in an 80% yield. 
lR(neat):2.95,3.12,.3.38, 3.45.4.52,4.74, 8.65, 9.12, 10.15, lO.?O,and 12.52~; 
NhlR (100 MHz): 7 6.69 (s), S-10 (s), S.2S (s), and 8.40-9.20 (m). 
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