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(MgS04) and distilled to give 0.80 g (54%) of 4 at 96-100" (16 
mm) (by IH nmr, 80% cis, 20% trans). 

Reduction of I-Methyl-3-phospholanone (1) with Sodium 
and Ethanol. Sodium sand (2.0 g, 87 mmol) in 100 ml of toluene 
a t  5-10" was treated with 3.36 g (29.2 mmol) of ketone 1 in 4.0 g 
(87 mmol) of absolute ethanol at  such a rate as to keep the tem- 
perature below 10". After 2.5 hr at  lo", 15 ml of water was cau- 
tiously added. The toluene layer was removed, and the aqueous 
layer was extracted with two 40-ml portions of benzene. The or- 
ganic fractions were combined and dried (MgS04); distillation 
gave 0.41 g (12.7%) of 4 containing a trace of starting ketone 1. 
The lH nmr spectrum showed the composition 79% cis- and 21% 
trans-l-methyl-3-phospholanol(3). 

Thermal Equilibration of 1-Methyl-3-phospholanol Isomers. 
A neat specimen (78.7% cis, 21.3% trans) was heated in an oil 
bath maintained at  135". The specimen was then placed in ben- 
zene and its 'H nmr spectrum was recorded for determination of 
the isomer composition by the PCH3 signal size. After 35 hr, the 
composition was 6770 cis, 33% trans. After an additional 107 hr, 
the composition of the dark material was 51% cis, 49% trans. Fur- 
ther heating caused tar formation, and the experiment was termi- 
nated. 
I-Methyl-3-acetoxyphospholane 1-Oxide ( 5 )  and 1-Methyl- 

3-acetoxyphospholane (6) .  Ten grams (75.8 mmol) of l-methyl- 
3-phospholanone 1-oxide (2) was hydrogenated as above. The 
product was dissolved in 35 ml of pyridine, cooled to O", and 
treated with 5.86 g (74.7 mmol) of acetyl chloride. After 2 hr, the 
mixture was warmed to room temperature and the precipitated 
pyridine hydrochloride was filtered off. The filtrate was evapo- 
rated to  dryness, placed in 30 ml of 1 N HC1, and extracted with 
six 50-ml portions of CHCl3. The extracts were dried (MgS04) 
and distilled, giving 6.6 g (50.5%) at 126-128" (0.17 mm) which 
solidified on standing. The product was a mixture of cis (3470) 
and trans (66%) isomers: nmr (CDC13) 6 2.16 (d,  2 J p ~  = 13.5 Hz, 
cis PCH3), 2.22 (d, 2 J p ~  = 13.5 Hz. trans PCHs), 2.38-3.12 (com- 
plex m, ring CHz), 2.51 and 2.54 (s, CHsCO), 5.34-6.25 (complex 
m, QCH). The oxide mixture is very hygroscopic and difficult to 
purify. Analytical results are only partly satisfactory. 

Anal. Calcd for CTH1303P: C, 47.71; H, 7.44. Found: C, 46.91; 
H, 7.75. 

The oxide mixture was deoxygenated as desrribed previously 
with trichlorosilane-triethylamine. Distillation gave 3.46 g 
(82.8%) of colorless liquid at  105-110" (12 mm) ;  nmr (CDC13) 6 
1.44 (d, *JPH = 2.92 Hz, PCH3 of cis isomer, 34%), 1.58 (d, 2 J p ~  

= 2.80 Hz, PCH3 of trans isomer, 66%), 1.79-2.92 (complex m, 
ring CHz), 2.44 and 2.45 (s, CHsCQ), 5.84 (m, OCH); ir (neat) 
u c z 0  1740, vco 1240 cm-l.  Various attempts to form quaternary 
salts for analysis of the isomer mixture have so far given only in- 
tractable oils. 

Registry No.-1, 49849-35-6; 2, 21229-61-8; 3a, 51015-54-4; 3b, 
51015-55-5; 3 methiodide, 51015-53-3; 4a, 51015-58-8; 4b, 51015- 
59-9; 5a, 51015-60-2; 5b, 51015-61-3; 6a, 51015-62-4; 6b, 51015-63- 
5. 
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The tetrahydro Birch reduction product of [2,2]paracyclophane is shown to be the d l  stereoisomer (2b), with 
the olefins of the upper deck only partially overlapping with the olefins of the lower deck. This stereochemical 
elucidation is accomplished primarily by means of a complete proton nmr analysis of the tetraepoxide deriva- 
tive 3. The d l  stereochemistry is in agreement with CNDO calculations performed on likely carbanion interme- 
diates. 

It has been recently shown2%3 that the Birch reduction 
of [2.2]paracyclophane (1) gives the tetrahydro product 2 
in which reduction has gone 2,5 in each deck. Although 
the structure elucidation of each deck of 2 was straightfor- 

~ a r d , ~ . ~  it was not possible to establish the overall stereo- 
chemistry of 2, i .e. ,  whether the product was meso (2a) 
with each olefin in the upper deck overlying a correspond- 
ing olefin in the lower deck, or was d l  (2b) with the olefins 
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Table I 
Proton Nmr Parameters of the ABC Pattern Observed for 3asb 

6AC 6B 8c  JAB^ JA c JB c 

3.03  2.49 1 .95  6.79 f 0.06 1 .35  i 0.06 -16.99 zk 0.06  
a For the partial structure which was assigned for these parameters, see 4. b The RMS error for this analysis was 0.09 Hz 

Probable errors as generated by the analysis are included in Table I. c In parts per million. d In hertz. 

Table I1 
Proton Nmr Parameters of the AA'BB' Pattern Observed for 3a 

~ ~~~~ 

8Ab 88 JAA" JBB' JAB' = JA'B JAB = JA'B' 

2 .34  1 .35  12 .11  f 0 . 0 9  1.56 & 0.08 6 .48  i 0.09 -14.94 i 0.10 

5 The RMS error for this analysis was 0.10 Hz. Probable errors as generated by the iterative method are included in the 
Table. In parts per million. c In hertz. 

partially overlapping, or was a mixture of both isomers 2a 
and 2b. This paper describes the successful determination 
of the geometrical structure of 2 and discusses the proba- 
ble mechanism for the reduction reaction. 

1 2a 2b 

Structure Elucidation. The first step in elucidating the 
geometrical structure of 2 was to determine that 2 was 
only one isomer. The carbon magnetic resonance spectrum 
of 2 exhibited two olefin signals (a t  dTMS 137.4 and 125.6) 
and two aliphatic signals (at  dTMS 44.0 and 38.0), consis- 
tent with either 2a or 2b. Since the carbon chemical shifts 
in 2a and 2b should be quite different for the respective 
methylene (C-3 and C-6) and olefin (C-2 and C-5) car- 
b o n ~ , ~  it was evident that one isomer was preponderant. 

It was reasoned that, if the geometry of 2 were meso 
(2a), then the two olefin pairs would be in a position 
ready for a [2 + 21 intramolecular cy~loaddition.~ How- 
ever, photolysis of 2 under a variety of conditions resulted 
either in recovered starting material or in an untractable 
tar. Thus, indirect evidence was obtained that the geome- 
try of 2 was d l  (2b). 

Next, a proton nmr study was conducted. Since the 
proton nmr of 2 could not differentiate between the two 
possible isomers 2a or 2b (see Experimental Section), a 
derivative of 2 was sought that would be amenable to  a 
complete nmr analysis. It was found that epoxidation of 2 
with excess peracid under carefully controlled conditions 
resulted in an isolable tetraepoxide derivative 3, whose 
proton nmr was remarkably soluble for such a large mole- 

mew d l  
2b 3a 2a 

@ 3b 

cule. The 100-MHz spectrum of 3 exhibited an ABC pat- 
tern with an AA'BB' pattern partially overlapping (see 
Figure 1). The ABC pattern was easily recognized as 
being generated by four equivalent systems in the two 

LOWER HALF 

OVERLAPPING 
WITH ABC 

OF AA'BB'- 

ABc[ 

8 A A'BB' 1 
A .J 

UPPER HALF 

3.0 2.5 2.0 1.5 

6 , P P ~  

Figure 1.100-MHz pmr spectrum of 3. 

puckered rings, with l JBC1  > iJ IZBl > iJ ,cI,  corresponding 
to an approximately eclipsing HA-HB pair and an approxi- 
mately orthogonal HA-Hc pair (see 4 ) .  The AA'BB' pat- 

4 

tern, caused by two equivalent -CH2CH2- bridges, was 
partially obscured by the ABC pattern, but, since more 
than one complete half of the AA'BB' pattern was openly 
visible and since an AA'BB' pattern is perfectly bilater- 
a1,6 a complete analysis of this pattern was possible. The 
ABC and AA'BB' patterns were analyzed separately by 
the iterative method7 to  give the parameters listed in Ta- 
bles I and 11. Recombination of the computed ABC and 
AA'BB' patterns gave the simulated spectrum shown in 
Figure 2.* 
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Table I11 
CNDO Calculations of the Radical Anions 12a and 12b with Varying Degrees of Puckering of the 

1,4-Cyclohexadiene Ringa 
7 ___ Degree of Puckering, 0 - 

00 100 200 30' 
~ ~~- 

12a (meso) - 0.0155 -0.1051 - 0.1173 - 0.1039 

12b ( d l )  0.0000 - 0.1076 -0,1228 -0.1117 
(-9.72) (-65.92) (-73.57) ( - 65 .17) 

(0 .OO)  (-67.49) (-77.02) ( -  70.06) 
a Values are given in atomic units (kilocalories in parentheses) 

Although analysis of the ABC parameters gave in a 
straightforward manner the geometry of the involved nu- 
clei (see 4) and was independent of the stereochemistry of 
the overall compound, a corresponding analysis of the 
AA'BB' parameters was more complex and proved 
ultimately to  involve the overall stereochemistry and con- 
formation of the complete molecule 3. First in this analy- 
sis of the AA'BB' parameters was the realization that the 
-CHzCHz- bridge must be in a particular conformation. A 
consideration of the four possible eclipsed and staggered 
conformations (see the Newman projections 5a-d)9 clearly 

-4 

5a 5b 5c 

A' 
5d 

A' 
5e 

favored 5d, in which A and A', which were diaxial, cou- 
pled with a large J value. The quite different values of 
JHB, and of JA,B indicated that this staggered conforma- 
tion was actually skewed somewhat (5e) so that the dihe- 
dral angle of HB and HB, approached 90" while the dihe- 
dral angle of HA and HB' and of HA' and HB approached 
Oo.lo Of all the possible overall structures and conformers 
of 3 (see 6a-f), the only choice fitting this particular 
AA'BB' disposition was 6f, the d l  isomer with the two 
-CHzCHz- bridges staggered so as to give the molecule Dz 
symmetry; all other possibilities (6a-e) could be ruled 
out. Structures 6a and 6d were eliminated because they 

would have the eclipsed arrangement of the AA'BB' nu- 
clei. Structure 6b would not fit any of the AA'BB' ar- 
rangements, since with all of its protons having different 
chemical shifts an ABCD pattern would result. Structure 
6e would have two different AA'BB' patterns (the protons 
being disposed differently about the epoxide in the two 
bridges, the chemical shifts of the protons in the two 
bridges would differ). Finally, structure 6c could be re- 
moved as a possibility because HA and HB would be diaxial 
( i e . ,  5c).11 Thus, the only remaining possibility was Sf, the 
Dz conformer of the d l  staggered isomer.l* 

meso, eclipsed, C,, 

6a 

H 

meso, staggered, C, 

6b 

0 
d l ,  eclipsed, D, 

6d 

H H*H 

0 
d l ,  staggered, C, 

6e 

meso, staggered, C, 

6c 

d l ,  staggered, D, 
6f 

A brief consideration was made of the possibility of rap- 
idly equilibrating conformers (e.g., 7a e 7b),I% but this 
possible complication was ruled out by three compelling 
arguments. (1) The time-averaged spectrum of two rapid- 

7a 7b 
ly equilibrating conformers would never have a large ap- 
parent J approximating J ~ S O  ; at best the largest appar- 
ent J would be J = y2J60 + YzJlso. In fact, JAA, (see 
Table 11) was clearly approximating Jl8o.l- (2) A time- 
averaged spectrum of two conformers would give rise to a 
hieher order of identitv in the parameters; for example, 
equilibrating 7a and 7b would give an apparent AA'BB' 
system in which J A A '  = JBB', J A ' B  = JAB', and JAB = Figure 2. Computer-simulated spectrum of 3. 
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Scheme I Scheme I1 

1 8 9 

, /e.Hi 

2a 10 
mem 

J A , ~ , .  (3) I t  was observed that the proton nmr spectrum of 
3 was unchanged down to -50". 

Thus, the proton nmr study of the tetraepoxide 3 indi- 
cated that the correct structure was d l  (3b), thereby giv- 
ing conclusive evidence that the structure of the Birch re- 
duction production of [2.2]paracyclophane is d l  (2b). 

Two points are worthy of further discussion concerning 
the nmr analysis of 3. First, the JaA, value corresponding 
to a diaxial arrangement of A and A' (5d) is a t  first sight 
perhaps surprisingly large for two nuclei which are in fact 
somewhat skewed (5e).14 However, there is evidenceT5 
that an electronegative substituent vicinal to a proton in- 
volved in vicinal coupling increases the J value. Thus, the 
observed JAA' is actually just about right for the proposed 
conform a t  ion. l6 

The second matter deserving comment concerns pre- 
cisely in what D2 conformation (7a or 7b) the tetraepoxide 
3 exists. Although it appeared certain that the isomer and 
conformer was the 0 2  staggered d l  structure, it was not 
immediately obvious whether the conformer was 7a, with 
HA of the -CH2CH- bridge lying away from the epoxide 
ring, or 7b, with HA lying over the face of the epoxide 
ring. It was frustrating to realize that in fact the complete 
nmr analysis, though resolving a number of vital ques- 
tions, could not choose between two quite different con- 
formers. The chemical shifts of H.k and HB were left as 
the only means to decide between 7a and 7b, but unfortu- 
nately the literature is not settled concerning the magnet- 
ic anisotropy of the epoxide ring.l73ls A tentative assign- 
ment, however, was made in favor of 7b by means of the 
following argument. First, HB (of AA'BB') was assigned 
as the upfield proton a t  6 1.35, because its geometrical re- 
lationship with the epoxide in either 7a or 7b was the 
same as & (of ABC) with the similar chemical shift of 6 
1.95; uiz., these protons eclipsed the C-0 bond of the ep- 
oxide ring.lg Next, it was recognized that in 7a the HA 
proton (of AA'BB') was in a geometrical relationship sim- 
ilar to that of HB (of ABC) with the epoxide groups. It 
was further reasoned that, since HB (of ABC) next to two 
epoxides is deshielded somewhat from &, then HA (of 
AA'BB') of 7a, which is next to only one epoxide, should 
be deshielded but somewhat less. As a matter of fact, HA 
(of AA'BB') is deshielded much more than HB (of ABC). 
On the other hand, in the other confoTmer 7b, HA (of 
AA'BB') is quite close to the face of the epoxide ring, 
which might explain the large downfield shift. It was con- 
cluded, therefore, that  the correct conformer was 7b with 
HA (of AA'BB') over the face of the epoxide with the rec- 
ognition that this conclusion rested upon the assumption 
that the face of the epoxide was a deshielding region. 

Mechanism. Proposed mechanisms for the Birch reduc- 
tion of [2.2]paracyclophane (1) involving classical formu- 
lations lead to faulty conclusions, L e . ,  that  the meso prod- 
uct 2a should be produced. A reasonable mechanism in- 
volving such classical formulations with u-bond participa- 

T P  
1 

2H 
----+ 

11 p 1/ or+$ 

@ @  

#!I@ 1/ 

E a  l2b 

1" .1 H- 

13a 13b 

e I H -  e l H T  

meso dl 
2a 2b 

tion between the two decks during the stepwise reduction 
of 1 is outlined in Scheme I. According to this scheme, an 
electron is first added to 1 to give the radical anion 8 with 
a u bridge between the two decks. A proton is then added 
a t  the carbanion to give the radical 9. A subsequent addi- 
tion of an electron and a proton gives the bridged inter- 
mediate 10; a t  this point, the geometry of the ultimate 
product has been determined to  be meso. Addition of two 
more electrons and two more protons would reduce the u 
bridge to give the final meso product 2a. 

A theoretical approach not involving such u-bridge par- 
ticipation, however, i,s in agreement with the assigned 
structure 2b. The most reasonable mechanism is outlined 
in Scheme 11. According to this scheme, first one ring is 
reduced to give 11. Then reduction of the second ring 
commences by the usual addition of an electron to give 
the radical anion 12. At this point it is necessary to in- 
quire whether C-2 or C-3 has the higher electron densityz0 
(represented by 12a and 12b, respectively), because the 
next step in the mechanism-the addition of a proton to 
give 13-fixes irrevocably the geometry of the final prod- 
uct. Thus, a study was conducted on the anion 12 to see if 
theoretical considerations would support the contention 
that 12b (which would ultimately lead to the observed 
final product 2b) is more important than 12a. This study 
involved the CND0/2 calculationsz1 of the relative sta- 
bilities of 12a and 12b, in which the upper deck was held 
flat and the lower deck was puckered. The degree of this 
puckering was varied from 0 = 0" to 30" (0 was the dihe- 
dral angle of the two planes defined by the CH-CH2-CH 
bonds and the two olefin bonds of the lower deck). Table 
I11 reports the results. The data suggest that the bottom 



1346 J.  Org. Chem., Vol. 39, No. 10, 1974 Marshall and Song 

deck is puckered with 8 r 20" and that in this conforma- 
tion the d l  radical anion 12b is in fact more significant 
than the meso radical anion 12a.22 

Experimental Section 
M e l t i n g  po in ts  were determined b y  a Thomas-Hoover  m e l t i n g  

p o i n t  apparatus. I n f ra red  spectra were recorded o n  a Perk in -  
E l m e r  237 grat ing i n f ra red  spectrophotometer. Nuc lea r  magnet ic  
resonance spectra were recorded o n  a Jeolco JNM-MH-60 ( M i n i -  
m a r )  a n d  a Jeolco JNM-PS-100, w i t h  te t ramethy ls i lane as a n  in- 
te rna l  reference. E lemen ta l  analyses were per formed by C. F. 
Geiger, Ontar io ,  Cal i f .  

[2 ,2 ]Paracyc lophane (1) was obta ined f r o m  A l d r i c h  Chemical  
Co., Mi lwaukee,  Wis. 
dl-Tricyclo[8.2.21~10.24~7]hexadeca-4,lO,l(l3),7(l6)-tetraene 

(2b) (Tetrahydro[2.2]paracyclophane). T o  a 1000-ml, three- 
necked f lask cooled in a Dry Ice-acetone m i x t u r e  a n d  purged w i t h  
n i t rogen was added 1.424 g (0.00684 m o l )  o f  [2.2]paracyclophane 
(l), 400 ml of anhydrous te t rahydrofuran,  200 ml o f  d i s t i l l ed  liq- 
uid ammonia,  a n d  10.0 ml o f  anhydrous ethanol. Over  a per iod o f  
1.5 hr, 2.3 g of sodium was added in s m a l l  pieces wh i l e  10.0 ml 
more o f  anhydrous ethanol  was added dropwise. T h e  b lue  color 
persisted for  0.5 hr a n d  t h e  react ion m i x t u r e  was quenched by the  
careful add i t i on  o f  30 ml  o f  water. A f te r  20 min o f  st irr ing, the 
react ion m i x t u r e  was al lowed t o  w a r m  t o  r o o m  temperature a n d  
t o  s tand  overnight. T h e  organic layer was separated a n d  the 
aqueous layer  was ext racted wi th 100 ml o f  ether. T h e  combined 
organic layers were d r ied  (anhydrous magnesium sulfate) a n d  
concentrated t o  give 1.393 g o f  crude 2b. Sub l ima t ion  o f  t he  prod-  
u c t  (loo", 30 m m )  gave 1.316 g (93%) o f  2b: mp 121.0-123.5"; ir 
(CHC13) 794 c m - l ;  p ro ton  nmr (CDClB) 6 2.3 (m,  16, methy lene)  
a n d  5.3 (m,  4, olef in); carbon nmr B T M S  137.4, 125.6, 44.0, 38.0; 
mass spect rum m / e  212 (P) .  

Anal. Ca lcd  for  C16H20: C, 90.50; H, 9.49. Found :  C, 90.44; H, 
9.52. 

A t t e m p t e d  P h o t o l y s i s  of 2. Photolysis o f  2 by a n u m b e r  o f  dif- 
ferent  method^^^-^^ resul ted in either a n  unt ractable tar, unreact -  
ed  s ta r t i ng  mater ia l ,  o r  a m i x t u r e  o f  both.  S u b l i m a t i o n  o f  t he  
p roduc t  gave n o  vo lat i le  ma te r ia l  except unreacted 2, with trace 
amounts (<5%) o f  [2.2]paracyclophane (1). N ine teen  runs  were 
executed. 

T e t r a e p o x i d e  of 2b  (3b). Over  a per iod o f  1.5 hr, a so lut ion o f  
2.20 g (0.0128 m o l  o f  85% assay) o f  m-chloroperbenzoic ac id  in 50 
ml o f  ch loroform was added dropwise t o  a vigorously s t i r r i ng  m i x -  
ture o f  0.500 g (0.00235 m o l )  o f  2b in 15 ml o f  chloroform. T h e  
m i x t u r e  was s t i r red a n d  ref luxed for  3 hr a n d  t h e n  worked up in 
the  usua l  manner.27 T h e  crude p roduc t  was crysta l l ized f r o m  
carbon te t rachlor ide t o  give 0.420 g (65%) o f  wh i te  crystals, mp 
287.0-289.5" dec, mass spect rum m / e  276 (P), nmr (see Tables I 
a n d  11). 

Anal. Ca lcd  for C l e H 2 0 0 4 :  C, 69.54; H, 7.29. Found:  C, 69.32; 
H, 7.31. 
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