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ON THE REACTION OF BICYCLOBUTANES WITH 
CARBONYL COMPOUNDS* 
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Department of Chemistry, McGill Univmity, Montreal, Canada 
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Aim&act-Reactions of steroidal bicyclobutam I with aldebydcs give the A-norketonca IX. The hydride 
shift involved is shown to be swrcosclcctivc and a mechanism for the reaction is proposed. 

Smomrr~, bicyclobutanes I are known to react with protic 
manner. 1 

I:R-R’*H 
ta:R-Me,R’-H 
lb: R - H. R’ - Me 

solvents in 

l- EtOH 

the following 

Ill IV 

It was of interest to see if this reaction could be extended to other electrophilcs, 
such as aldehydcs, ketones and anhydrides. 

Treatment of a pentane solution of bicyclobutane I$ with gaseous formaldehyde 
gave aldthyde V. 

l This work was rupportcd by the National heucb Council of Cada 
$ Holder of a National Research Council Burmry, 196t6!5, and Studantahipa, 196567. 
t The bicyclobuunes wert gcnaraml by irradiating a 02% pentme win of the appropriate ChoWa- 

3,Sdicnc in a helium l noaplwn, T’b prumnca 00 wu dotmminod by trmtnmt olu! aliquot with ethanol. 
PdUcUIIlMdIVwerSdetscudbyTLC. 
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A mans spectrum of V ehowed a parent peak corresponding to a l,l-adduct of I 
and formaldehyde. The NMR spectrum showed an aldehydic proton at 98 ppm 
(unsymmetrical triplet with small coupling constants), a vinylic proton at 515 ppm, 
signals due to the noaloquivalent protone u to the carbonyl group at 29 ppm, and 
a broad signal at 3*0 ppm corresponding to the allylic C-3 proton. The Btructure of V 
ww conclusively proven by oxidation to acid VI. Acid VI was eynthesixed from the 
known toeylatc VIII’ by the sequence shown (VIII --+ VII + VI). 

It was found that bicyclobutanc I reacted in an analogous fashion with acetalda 
hydc, propionaldehydc isobutyraldehyde, pivaldehydc, benzaldehydc, anisaldehyde 
and pnitrobenxaldehydc to give ketonce of type IX. 

& - ~~ 
0 

I 
R IXa:R-Me 

b:R -Et 
c:R=-CHMe, 
d: R - -CMc, 
c:R=Ph 
f: R - pMoO--C~H~ 
g : R - pNOrC6H, 
h:R-C!H4Hz 

The NMR spectra of ketones IX all showed a vinylic proton around 59 to 53 ppm, 
the AB portion of an ABX-system due to the protons & to the ketone group and a 
broad signal around 36 ppm due to the allylic C-3 proton (Table 1). 

Reaction of I with acrolein gave, in addition to ketone IXh, the product of 1,4- 
addition X The latter product showed a UV absorption at 224 ml in ethanol and 
216 rnp in pentane (8 = 7900). In addition peaks (2715 and 1695 cm-i) corresponding 
to an @-unsaturated aldehyde were observed in the IR. The NMR spectrum showed 
a quartet centered at 63 ppm (J = 7 c/q 23 c/s, 1H) and broad signals between 5-O 
and $4 ppm integrating to two protons. In addition a doublet centered at 94 ppm 
(J - 7 c/a) was observed corresponding to the aldehydic proton. 

The reaction was extended to bicyclobutanc Ia, which reacted with formaldehyde 
and with acetaldehydc, to give XIa and XIb, respectively, The NMR spectrum of 

la 
0 

XIa: R - H 
b:R-Me 

ketone XIb showed all the appropriate signals, and in particular a very &an AB 
.quartet due to the two hydrogen8 adjacent to the carbonyl group, Bicyclobutane Ib 
also reacted with formaldehyde, giving aldehydc XII. 

Reaction of a pentane solution of bicyclobutane I with excess acetic anhydride 
gave 25 % of a keto acetate XIII. The NMR spectrum of XIII showed a vinyl proton 
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Elucnt solvent mix- 
Reaction” ton for prcpurtive NMR’ 

Compound Y iel$ completed TLC sepuationa 
Pher (hours) (70 vohame C,-H C&--H C,--CH,--010 

bCnzC!tC/beXme) 

V 70 
V-D, 70 
1Xa 35 
IXC 33 
IXC 21 
IXd’ 15 
IXC 19 
IXf 23 

IX8 30 
IXh 31 
X 24 
XIa 33 
XIb 18 
XII 25 
XIII 20 

025 

025 
2 

: 
60 
24 
55 

3 
6 
6 

24 
1 

24 

70 

70 
60 
60 
50 
50 
60 
70 
60 
70 
70 
70 
60 
70 
80 

5-15 
5‘15 
5.0 
5.1 
5.15 
53 
5.15 
5.15 
5.2 
59 
51s 
5.2 
f*lS 

5.2 

3.0 
34 
2.9 
39 
39 
30 
3.3 
3.3 
3.1 
29 
2.7 
- 
- 

3.25 
3.2 

24 
2.55 
2.3 
2.35 
2.5 
2.3 
3.2 
3.3 
29 
2.5 
2.2 
2.35 
2.3 
2.35 
5.3 

’ See Experimental, 
’ Bawl on rtartiq diene, The bicyclobutanc gencrat& wu 75 % pure. 
c ppm in CCl, soln8 from external TMS. 
’ Compound IXd couid not be crystailizbd and no utiefactory analyria WM obtained. IXd ulso r&ted 

formation of an oxime or a hydraone dorivativt. 

at !52 ppm, the allylic C-3 hydrogen at 3-15 ppm, two low-field Me signals due to the 
acetate and methyl ketone functions at 1*89 and 199 ppm, and a doublet at 5+3 ppm 
(J = 2.5 q’s). 

DISCUSSION 

The following reaction sequence is envisaged to explain the reaction of bicyclo- 
butane I with aldehydes. It is known3 that reaction of I with a proton (or deutcron) 
leads to incorporation of the proton (or deutcron) at tk rl~portion with formation 
of a homoallylic ion. In tk reaction with an aldehyde, it could be expected that a 
similar attack would lead to the formation of zwitterion A, This zwitterion could 
stabilk itself either (a) .by formation of a tetrahydrofurrrn or epoxi& ring, or (b) 
by hydride or alkyl (aryl) shift. 

In all the example hitkrto studied, pathway (b) ~med to account for tk productrr 
formed, and no ethers or epoxides derived from pathway (a) or (a’) could be detected. 
The nature of the aldehyde influenced the rate at which the reaction proceeded. In 
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the reaction with aliphatic aldehydes, the rate of reaction diminished with increasing 
allcyl substitution. With the aromatic aldehydes, the reaction with pnitrobenzalde- 
hyde was approximately 2&30 times faster than that with anisaldehyde. The rough 
rate data are summarized in Table 1. 

In order to establish if the hydride shift postulated in m&anism (b) did occur 
stereospccikally, bicyclobutane I was treated with gaseous formaldehyde-dt. 

The aldehyde V-ds was obtained in the same yield as V, Comparison of the mass 
spectra of V and V-d2 indicated incorporation of two dcuterium atoms per molccult 
of V, The spectra of V and Vdz both showed a strong peak at M - 355, corres- 
ponding to the loss of &Ha0 and CIHDzO, respectively. Roth dcutcrium atoms 

were therefore still inmrporated in the side-chain. In the IR spectrum of V-d2 the 
aldchydic C-H vibration, normally found at 2715 cm”, had shifted to 2060 cm”. 
In addition, a shoulder at 2150 cm’ 1 chwacterristic of a methylenc G-D stretching 
frequency was present. The NMR spectrum confirmed these fmdings, and proved 
that the deutcri& shift was stcreoqxcific. Whereas the two protons a to the carbonyl 
group in V appeared as a complex signal resembling the AR portion of an ABX 
system (the coupling to aldehydic proton was small), the same group of signals in 
V-ds appeared as a broad doublot at the centre of gravity of the low field proton of 
the AR-system Irradiation of the allylic C-3 proton led to collapse of the broad 
doublet which then appeared as a singlet. 
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Analysis of the coupling constants of the C,-methylene proton(s), in the ketones 
obtained, showed that JM = 2-4-S c/s and Jrix = 9-11 c/s. The coupling constant 
of the C-4 proton in aldehyde V-d2 was 4-O c/s, and in acetate XII, 25 c/s. These 
results are in agreement with a mechanism, in which deuteride ion shifts stcrco- 
specifically as indicated in Fig. 1. For the formation of XIII, a stereospecific attack 
by acetate ion is postulated (Fig 2). There is no reason to believe that the other 
hydride shifts leading to the formation of ketones IX should proceed with a stereo- 
chemistry different from than that described for aldehyde V. 

The formation of the zwitterion A from the bicyclobutane must give rise to two 
diastereomers A’ and A”. Since the hydride shift is stereospecific, we must conclude 

A* A” 
Fw3. 1. 

that the conformations of A’ and A” prior to hydride shift must be such that the 
hydrogen is lined up with the vacant orbital into which the hydride is going to 
transfer, and that any interaction between the negatively charged oxygen and the 
cationic centre at C-6 favouring other conformations is more than compensated by 
the better migratory aptitudt of hydride as compared to alkyl or aryl groups. 

In no case did we fmd any evidence for alkyl or aryl shift. 
The mechanism of addition of bicyclobutane to acetic anhydride can be formulated 

in a similar manner. In that instance, the incorporation of acetate at the position a 
to the carbonyl function was also stereospecific, since the hydrogen a to the carbonyl 
and acetate group appeared as a clean doublet at 53 ppm. 

13 
OAr 

Ro. 2. 

=x111 

No significant reaction was observed when bicyclobutane I was treated with 
acetone after five days. We are, however, continuing these investigations using more 
electrophilic ketones such as the pofyhalogenated ketones. 

Blanchard and Cairncross,* observed that reaction of 3-methylbicyclo[l, I,O]- 
butane carbonitrile with such ketones proceeded by 1,2-fission of the diagonal bond 
with the formation of cyclobutane carbinol derivatives as depicted below : 



Howevcrr, these nsuits cannot be compared with our8 since the resultant tertiary 
cyclobutane zwittcrion XIV formai from steroid bicyclobutanos would be expected 
to bc Lisa stable than the homoallyfic zwitterion A’, A“. 

EXPERIMENTAL 

All m.pr were t&on ip a Oolienkamp m-p. rppwatur and ure uncorrwted, The IR qcctn were taken in 
a Perkin-Efmer 337 rprctrophotometer. The NMR spectra were recorded on a Ibrian A-60 instrument 
as CCI, mlnr usipo TMS u an exmnd standard All pteparrti~ TLC aaparatioor wem paformed with 
&AS plrta (20 x 2Q cm) covered with silica g8I (0.5 q E Merck A.G.), %icyclobutanbc E, I8 lad Ib 
were obuinod by irradiating a @2% pontaas eoIn of choWa-M-diertsr in li Rayonet photochemicai 
reactor u&g lamp havin# peak intenaity nt 253 rnlr. The photolyrii tuba (25 mm ID, 1 ft length) were 
equipped with dryif@ tuba at the inlet and outlet 

Compound r&p. (“C) 
_ 

Theoretical Found 

C H N C H N 

V 65-68 
V-o&me 141-143 
1% 79-81 
IXb 87-88 
IXc 75-76 
IXc*OXiI!M 159-162 
1Xf 12dl30 
WI 137-138 
IXh 87-%8 
X*oxime 138-141 
XIa 71-73 
XI&oximc cn-155 
Xboxime 74-76 
XII 74-7s 
XII-o%ime 109-111 
XI!1 95-96 

- - 
81.29 11.45 
8490 11.72 
844 11.81 
&Ma il.89 
83.38 1050 
83.28 10*38 
78.57 9.50 
w84 Il.39 
81.94 . 11.23 
- 

8144 
81.57 

- 
8144 
79.10 

- 
11.55 
11.64 

11‘55 
w71 

- - 
3.39 81.24 

84.34 
84.55 
84.17 

2.86 83.22 
- 83.34 

2.70 7&67 
- 84.85 

3.19 81.97 

- 3128 81.46 
3.17 81.30 

3.28 8142 
7925 

- 
11.28 347 
11.75 - 
11.82 - 
11.80 - 
056 280 
10.11 - 
9.43 2.79 

11.23 - 
11.27 3.21 
- - 

11.63 3.20 
1 I.73 308 

1131 392 
IQ81 - 

l Unmtbfrctory analyrsr wore obtaiaocj for the steroid aldehydet. 
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Reactionr of the bicyclobuun# were arried out u&g thu following ganeral exparimantal procedurea: 
A pentane 10ln (90 ml) of 200 mg of the dieno wu irradiata! in a He rtm~pham until no UV rbeorption 

wu detected. Aidehyde (0+2 ml in the cam of aliphrtic aldshyda and one cquiv in the cue of aromatic 
aidehydus) was added. The toln was stirred at room tamp until no bicyclobutarsu was detocteds The 
pantane wu evaporated under reduced prsol and the residue wu chromatographed on two TLC platee. 
The Juting solvent ryrtwna for eecb CIY) am recorded in Tabb 1, 

Oxkfurlon @&f&y& V. To en aCatone eoln (2 ml) of V (la0 mg) WOI added dropwiae a soota of 100 mg 
of chromic acid iu 5 ml AcQH and 1 ml water. The roln w+ stirred for 15 min at room temp. The rwulting 
ppt (60 mg) wu filtaral off and recryrtallixul from ether-pentane giving VI, m.p 182-1843 v f720 cm-l. 
The NMR spectrum showed a signal at lQ1 ppm integrating to one proton md cxchan~bfe with DIO. 
(Found: C 8098; H, 11.18. CIsH160t requires: C, 81*10; H, 1 I.18 %.) 

3rx-Cy~omrthyl-A-narchdlNb3-cne (VII). A soln of 100 mg of VIII in 5 ml of N-metbylpyrrolidoae 
end 300 mg of KCN was heated et 90” for 2 days. Tk cooled roln was oxtracted with 50 ml ether and the 
other extract washed with water, dried over MgSOI and evaporated under reduced prcr to give 983 mg 
of nitrib VII. Thir wan rscryttallizod from MeGHather, m.p. 110-l 1 l”, v 2240 cm- ‘. (Found: C, 8516; 
H, 11.29; N, 3% &H,,N requiree: C 8499; H, 11.46; N, 3.54x.) 

Hy&ofyals dnfnilc VII. A roln of95 mg of VII in 5 ml ethylene glycol and 500 mg d NaOH wea rtirred 
at 140” for 2 drya To the mixture WOI added 50 ml ether and 10 ml water. The aqueous extract was 
acidified with cone HQ and oxtractcd with ether. The ether extract was washed neutral with water, dried 
and evaporated under reduced prosa to give an amorphou, solid which war cryrtallizui from an cthar- 
pentat. The cry8tmlline product was identical in all rarpect with VI (IR: NMR; TLC; m.p. and mixed m.p.). 
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