
CYCLOPROPANONES-IX 

REACTIONS OF ACIDS AND AMINES WITH CYCLOPROPANONE 
AND SOME ALKYL CYCLOPROPANONES’~‘** 

(Rrrvrvrd rn L!.S 4 9 .4prrl 196X. Rrrrtvrd m rhr UK for puhltrarton I 3 .Wav I96R) 

Abstract.-.‘1 hc rcactlons of cyclopropnonc (I) dnd several alkyl cyclopropanoncs (2. 3 and 4) wrth 

acids and amIneS arc dcscrlbcd. Although rmgcloscd adducts arc the major products from 1. rmg 

opened products generally form when alkyl cyclopropanoncs arc rreatcd with acids or ammcc 

Cyclopropanone (1) and several alkyl cyclopropanones (2. 3. and 4) have been 
prepared.’ These compounds were shown lo possess the ring closed structures on 
the basis of physical and chemical evidence. ’ However, the possibility that cyclo- 
propanone reactions may proceed via a ring opened dipolar intermediate (e.g. 5) is 
indicated by both theoretical calculations’ and isolation of products best explained 
on the basis of a dipolar intcrmcdiate.’ 

In addition, alleneoxides (e.g 6) have been proposed as potential intermediates in 
reactions presumed to proceed via cyclopropanones4 

The dipolar species 5 is of further interest because of the prediction that 5 should 
be formed by a disrotatory opening’ and that cycloadditiop reactions of 5 can 
proceed in a concerted manner (and hopefully with low activation energy). 
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A high energy content and high reactivity also is expected for cyclopropanones 
&cause they incorporate features of highly strained molecules. 

Ad&ion of corhonyl reagents. Consideration of the large amount of “l-strain” of 
cyclopropanones6 suggests that reactions which convert the sp’ carbon atom into 
an sp’ hybridization should proceed rapidly and the equilibrium of such reactions 
should lie far to the right. Addition of methanol,’ dry hydrochloric acid,’ water.’ 
acetic acid,’ aniline and N-methylaniline” to methylene chloride solutions lead to 
high yields of adducts of general structure 7. Only in the we of water in methylene 
chloride does polymerization of 1 compete with formation of the hydrate 7c. 

OH 
l HX - “LI 

I 7 

78 x r OCH,. loo”; 74 X = CH ,CO. 1009: 
7b X 2 Cl. 659; 7t. X = C,H,Nlt.959, 
7c x 7 OH 7f. X = C,H,NCH,. IOV, 

Although addition of methanol to 2.2dimethylcyclopropanone (3) yields the hemi- 
ketal 8 in quantitative yield,8 addition of dry hydrochloric acid’ or acetic acid” to 
3 results in formation of the two keto-chlorides% (58%) and 9b (42%) and ketoaoetates 
10 ( > 90 ). respectively. 

HO OCH, 

P 

HX + 3 - A x . a, X 

98. X=CI 9b.x icl 
101: X-AcO lob: x = AdI 

Characterization of the carbonyl adducts 7a+ and 8. The hemiketal7r was charac- 
terized by PJMR. IR and mass spectra (Experimental). Reaction of 7a b, or d with 
ketene yields the I-acetoxycyclopropanes Ilr and b. and d; however. the chloride 
adduct also yields the rearrangement product 12. in addition to I3 and 14. 

71. d 
CH,IC-O 

Ilr: X = OCH,.983$ 
II4 X = CH,CO. 6r,; 
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Addition of kctene to 7d yields 1 and acetic anhydride in addition to 1 Id. The addition 
of acetic acid to 1 is therefore reversible. The addition of methanol to 7b or 7d resulted 
in their smooth conversion to 7a. which rearranges further to methyl propionate 
under the acidic conditions. The addition of aniline to 7e yields IJdianilinocyclo- 
propanelO*” 15. Th e amine function of 7e may be acylated with ketene or cyclo- 
propanone to yield 16 and 17 respectively. Compound 7e rearranges at high tcmpera- 
tures (WC, 230”) or on silica gel to propionanilide. 

1d 
ctt,-c 0 

Ild + A t AC,0 

I. M, 

7b or ld 
ctt,m 

- 7a.IooD. 

PhNH, 
7t 

25 D WHC,H,h 
IS. 800: 

OH 
e lh MAcK,H, 

HO NHC,H, 

LI 

-10. 16 

In spite of the high reactivity of cyclopropanones. the reactions reported here are 
relatively clean and free of side reactions. 

The addition of acids to cyclopropanones can occur by attack of a proton on the 
cyclopropane ring or by protonation of the carbonyl group. The ring opening of 
cyclopropanes by acids is well known.” The carbonyl protonated cyclopropanones 
are of interest because they are formally hydroxycyclopropyl cations. Cyclopropyl 
cations are predicted to open” with exceeding rapidity to ally1 cations.” 

Cyclopropanone itself is relatively resistant to ring opening by hydrochloric acid 
or acetic acid. It is interesting to note that 01ah’6 has found that the I-hydroxy- 
cyclopropyl cation. 18, exists in equilibrium with the 2-hydroxyallyl cation 19 in 
FS03H - SO, solution at - 80”. 

/H 

B - 
. . $ 

H - AH 
IL I8b I9 
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The fact that cyclopropanonc does not undergo rapid ring opening may be attti- 
buted to the contribution of resonance form 18 which localizes the bulk of the electron 
deficiency on oxygen rather than carbon. 

On the other hand. 2,2dimethylcyclopropanone yields only ring opened products 
when its CH,CI, solutions are treated with hydrochloric or acetic acids. These 
results are consistent with the more stable 1,ldimethylallyl cation 20 formed when 
carbonyl protonated 3 undergoes ring opening. The greater stability of 20 over 19 
should lower the activation for ring opening. “* Also, the methyl groups of 3 might 
make ring carbon atoms more nucleophilic and thereby promote a change in mech- 
anism to protonation of the C, C, bond. 

L-4 
t 

NC.1 
3- 

(‘I- 
- 9a+9b 

..,-... 

20 

The addition of alcohol to cyclopropanones doe! not result in ring opening. 
In addition, cyclopropanone yields ring closed carbonyl adducts in good yields when 
treated with amines,” again a somewhat surprising resu1t.t 

EXPERIMENTAL 

IR spectra were taken on a PerLm Elmer 137 spectromclcr or a Pertm Elmer 421 gracmg spcctro- 

meter N.MR sptra were taken on a Varian A-60 or A-60 Analytical High Rcsolurton NMR rpectre 

melcr. Chcmlcal SbifIs arc rcponcd m 6 @pm) from mremal TMS (6 0430) or from internal CH,CI, (8 5.30) 

un& spaxlield. Mass spectra were taken on a Hitachi Perkin-Elmer RMtJdD Mass spactrometer. 

VPC wa perfomwd on an aerograph A9OP gas chromatograph. Elcmcnral Analyses pcrfomxd by 

Schwarrkopf Mlcrnanal)~lcal Labonror?. WoodsIde. New York. Unlcrr spcclIicd. ylclds are based on 

NHR mlegrarlons of producl absorplron 1s CtI,CI,. All commcrclal chcmxals were reagent quahry. 

Prcparrllon of I-mclhory.l-hydroxycyclopropdnc (7aJ and 1.1.dlhydrorycyclopropanc (7rl were 

accomphshai as dcscrlbcd previously ’ 

Racrwn oj I utth hydrogen chlordr amf acrfyl chlortdr 

I -If vdrox)- I -ch/orocyrlopropant 17b) and I -acctoxy- I -chlorocyclopropaw (It bA I -chbrocycfopropyl 
propronarr (t3) and 14 I -chlorocyc/opropoxyl ~yc/opropy/propioMf~ (t4I. To a soln of HCl gas (20 mmolcs) 

In <‘ltICI, (3 ml) al 95 U.I\ added d soln ol cyclopropanone (R 25 mm&s) In CHICI, (I5 ml) NMR 

\houcd J complex absorpllon bcluccn 09 dnd I4 dczounling for 9(r’, of rhc added cyclopropanonc. 

A sharp singlet ror 7’b ar I.2 accounted for 65% of the added cyclopropanone. Acctyl chloride (3 ml 

42 mmola) was added lo the soln which was srorcd at 25 for 3 days. Alla washing with NaHCO,aq 

and drying the CH,CI, soln of produtxs was analy?& by quanrltatlve VPC on a IO A ow column at 135’. 

Bromocyclohcxane was used as an mlernal srandard The major products were ~solalcd and ldenllficd bv 

lhclr spcclral propcrllcs 

Compound Ilb. (248 mmolw W”.). IR iz (cm ‘I 3015 (cycloproync C .til. 1775. 1760 sh. (C.+), 

1210 (acxlale). I030 (cyclopropnne C 0: NMR (Ccl,) 6 I.37 (s. 4H). 2.10 (s. 3H); mass spec. m/r (7’ 

136. 134(lrac.c). 121. II9(~ractX99(4~77(~ractl.75(2).%(37).43(100128(31) Compound12(1~7mmo)~ 

I5”,). ldcntlcal with commcrclally avallablc marcrial Compound 13 (@XX mmoles. I?/,): IR c: 1770 

cm I, h’MR (CCI,). 6 I 24 (1. J - 7 c s. 3H) I40 (broad 5.411). 2 35 (qu. J = 7 c s. 211). ma<\ \pcc m t 

’ For d propos.il of xro activalton energy for the cyclopropyl callon lo ally1 callon rcarrangemenr see 

Ref. 17. 

t Hcmikc~ls dcyclopropanona also may be used as a soura of cyclopropanona.‘.‘Q 
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(%) 150. 148 (~racc). 77. 75 (traceI, 57 (1t.Q 56 (IO). 39 (41 29 (62), 28 (18~ Compound I4 (@I6 mmoks. 

2”:J; IR ;z: (cm-‘) 1770 I(“=0I: NMR ICCI,) 4 085 to I 55 (complex IIHL 2 25 (qu. I c 8 c’s. 210. 

mzyt sf~~. m:r for) 206.24 (parent, traal 177. 175 (trace), 113 (IS), 57 (lOOI, 56 (lOI, 39 (7A29 I421 28 (29). 

Iow voltage m:r 113 (base peak). 

Hydrogen chloride m bubbled mto a solo of I (t345M) in CH,CI, at - 78’ for 2 mins and the raultmg 

solo was stored overnight at room temp. Analysis of the soln showad a broad absorption between d 09 

and I.4 with a sharp riagkt (7b. W,;) at 6 I.2 accounting for all of the onginal cyclopropaoont. 0n addttton 

of N&H (30 microhtm) to an NMR sampk of the soln (05 ml) the smglci at d I.2 duappcarcd. A new 

singlet at 6 Dg (au~gnal to ?a) formed and slowly disappearad bcmg rcplaccd by a tnplct at d IOR and 

a quartet at 6 2.20 for methyl proptonate. 

A CH,CII, soln (I 2 ml) of I (7.2 mmola) was treated with HCI gas (I 55 ml at STP. 7 mmoles) at - 7X 

An NMR spectrum of the soln showed a complex absorption between 6 Ia ad 1 5 wtth a smgkt at 6 l-20 

(7b, ro0,). Ketcnc (0 I ml) was distilled into an NMR sampk of the above soln (@5 ml) at - 78. and ranncd 

rapidly by NMR at room temp. A peak at 6 I.65 (l) was mitially observed whrch quickly disappeared 

leaving a complex absorptton between b 08 and I.5 

Prepararroa of 1 -actloxy- 1 -hydroxycyc/opropane (74) 

Cyclopropanonc (66 mmolcs) tn CH,CI, at - 95” was treated with A&H (0 5 ml. 8.8 mmol~Icontaining 

2”. AC:<> and warmed IO room tcmp The re\ulttng \oIn shoucd a broad rtngltt at 10 tn the 

NMR attrlbutcd to 7d. 7 Ia I 65) was mmplctely absent. After 3 hr at room tcmp kctcnc (I ml 13 mmolcs) 

was added to the soIn at - 130’ and allowed to react for 1 hr at - 78 Removal of the cxoeos kctcnc on 

the vaccum I&, a 4 ft @@#I column at 150’ afforded two major products. 

Compound 74. IR e (cm ‘I 1750. 1730 sh (C+X 123Ofaatoxy); NMR (CCI,) Ct 2.10 (s. 3H). 455 

(5. IH); identical wtth authcnttc material synthesized by another routc.‘0 

Compound 111: m.p. 60 61‘ (sub]); IR ;z (cm ‘1 1760 (c-0). 1220 (acctoxyl, NMR (Ccl,) 6 I.24 

Is, 2H). 2.13 IS 3H): mass spcc m+ (“.I. I59 (M’ + 1. traaL 56 (17Obl 43 (1009,). 2% (189,) (Found. C. 

5984, 53.54; H. 6.46. 644. Calc for ild C, 53.16. H. 6-3F,,). 

Reversible trnction oj 1 wuh acettc ucid 

A soIn of I (4 mmolcs) in CH,Cl, (9 ml) at - 95 was trcatdd with AcOH (03 ml 5.5 mmola) followad 

by kctcnc (40 mmola). After 5 days at - 78 the kctenc was removed on the vacuum hoc. Tbc resulting 

~1ncontainadl(bl~65.Q03Mt.11d(6l~lLOU1M)urpa~ducto7dmthcNMR.ThtNMRofthcrtactton 

mixture after addttton of McOH (02 ml, 5 mmolcs) showed only smglcts at 6 I.12 (I14 028 M) and 6 
OR (hcmikctal ?r, @IS MI m the region between 6 00 and 1 X 

Prepararicm oj 1.1 -diacetoxycyciop (1 ld) 
To a S&I of cyclopropanonc (8.25 mmolcs) tn [ 15 ml) at - 78 was added A&H (085 ml. t 5 mmola) 

followad by kctcnc (65 mmola) After reacting for 3 days at - 78’ the kctcnc and solvent were removed 

under vacuum. The rcsultiog yellow oil was sublunaI to yield 029 g (65’;) I ld (m.p. 56 57’). Raublima. 

tton produced a whltc sohd (m.p. 60 61 ) wlcnttcal to the matmal rcponed above as I Id (98’& 

Reamon of cyclopropamu with &fine 

I-anibnr- I-hydroxycycloprop (7~) and N.N-bWlJtydroxycyclopopy/) aniline (17). Treater qf 1 

wllh one equiwlrm c$~ll~nc. To a soln of I(3 mmola) tn CH,Cl, (5 ml) at - 78 was added one cqu~v 

aoiltnc (027 mI. 3 mmoks). Compounds 7e and 17 were formed in a ratto of 2 to I and m combmed 

qudntit.irtr-c ylcld l 

Atttmprr to tsufurc 1 -hydruxy- I-anthmry&propu (7~). Antlme (1 5 ml 16 5 mmolcs) was added to a 

CH,Cl, soln (IO ml) of 1 (IOmmob) to give 7c in 85% yield (NMR) charactcrtzd by a symmetrical 

A,B, pettcm centered at d li)S in the NMR. Chromatography of crude 7c on silica gel and florosil pro. 

l Yidds were muaurcd by mtcgration of tbc charactenstic A,& pattcm of 7c oentcral at 6 IO5 and 

the sloglet d 17 at 6 2 20 m the CH,CI* l baorptton at d 5.30. 
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ducad proptonanihdc. identical IO an sutbcn~~ sampk, rlong with umdenttlied oily products VPC 

anaJysu of crude 7c on a 4 ft arbowax 20M adumn ~1 235” (m~ector temp 250”) also produced propioo- 

anilidc. Compound 7c could be distillad under hrgh vacuum ( -0 1 mm. 150”) but was always contaminated 

by the exrzss aniline used in ILI preparation. 

Prepmoriov o/ N-proxy-I-hjdtoxy-I-~tltnucyclopropcuu (16) 

TIK soln of 7e (3.1 mmola) in CH,Cl, (8 ml) prepared above was reacted wrth kcrene (3 ml at - 78 

for 3 days Removal of the unructal ketcne left a new compound (16), formed m quantitative yeld. 16 was 

puri!iad by chromatography on sill= gei mtb pcntane:ether and showed the following spectral proPertia: 

JR amJ (cm-‘) 1680 (amide W); NMR (El,) d 07-1.3 (A,B,, 4H). 1.95 (s. 3H). 7.1 I6 (m. SH); 

nmss ~pec. m/t 191 (hi’). 149 (M*<,H,OL 135 (M’ C,H,O). Pyrolysis of I6 on a 3ft arbowu 

20 M column ar 2SO’ produced acetamhdc and propionamlide. 

Prrparation ofbu-N.NiI-hydroxycyclopropy&mi/int (17) 

Aniline (025 ml. 2.7 mmoks) was addcd IO a cold ( - 78”) CH,CI, soln (5 ml) of cyclopropanonc 

124 mmoles) Compound\ 7c and 17 were formed I” d ratlo of 15 I and III quan~~~at~vc ytcld (NWR) 

from I The resulting solo was treated wnh an addtttonal cqu~v of cyclopropanone soln (5 ml 1 4 mmolcs) 

IO prcxlucc 17 in 8S”,; yield (NMR) from 7. 17 formal a mtlky white suspension in CH,Cl, at - 78’ which 

congealed afta several days at - 78’. Rapd filtration allowed the isolation of 17 (025 g) as J sticky white 

solid. stabk at - 78’ but decomposmg II room temp. 17 was iden~rlied by IIS spectral propenres: IR 

iLy:“‘t (cm ‘I tSXO (sharp. OH). W!O (broad. OH). NMR (CHICI,) 6 120. Is. RIO.* 30 IS. 2H). 

68-7.4 (m SH), mas spcc. m;c ZUZOJ (M’). I49 (M’ C,H,O,). L:V ecu (mu) 243 (1.2 x lo’). 284 

(1.4 x IO’). 

Rmcrion of 1 with merhylanilint 

liN-nuthylonibno~l-hydroxycyclopropcuu (7fi Methylaniline (048 ml. 4.3 mmoks) was added IO a 

CH,CI, soln (5 ml) d 7 (4.2s mmoks) at - 78’. Compound Ib wan formed quantitatively (NMR) and 

tsola~al as J crude oil with the following spectral properties: IR =“I (cm-‘) 357s (sharp. -X>HL 3420 

(broJd O)II 1595. I49.S (.tromarlc). NMR (<‘)(,<‘I:) n Ox I 3’ IAMB_.. 4Ht I9 (\. 3H). 7a7 OS (SH): 

m~~spcc.m,‘r 163(M’).(M’ C,H,O). 106(M’ C,H,O). 

Gmcersion oj 7c and 17 ro I, 1 -dim~li~cyc/oprop (IS) 
A CHICI, soln (OS ml) of 7e (007 mmola) and 17 (029 mmola) was treated with amline (008 ml 

09 mmoks) at room temp for 6 days After 3 dap all of 17 was gone ad 15 was forming At the end d 

6 days 15 had formed in W: yield (NMR) 

Atmprrd dehydralon of7c 

(0) Amhnc (041 ml. 4.5 mmolcs) was added IO a cold ( - 78’) soln of 7 (4 5 mmola). 7t ad 17 wm 
produced in a ratio of 3 3 IO 1. The CH,CI, was removed under vacuum ad the revalue dissolved in 

bcnzne (IO ml). Refluxing for I3 hr usmg a Dean Stark trap produced no change in [he UV gccrum d 

thesolnt7cand 17slowlyd1sappearcd and ISwasformed~NHR). nocr~dencefor 21 lcyclopropanoncanrl) 

*.I\ (ound 

161 The .I~XI\T proccdurc *.I\ repc.ttcd ulrh the addltton olp~rolucnc~~~~lkrn~~ ,KI~ (00046 8 0 3X mmolcl 

The benzcnc soln rmmedutcly tumod dark and gave a complex NMR spectrum. After refluxmg for 2 hr 

the soln showed an A,B, multiple1 centeral JI d 1.1 and a singlet at 6 I.6 Addrtton of MeOH or sohd 

Nat)CO, produced no vrsrbk spectral change ‘The t:V spectrum of the reactron mrxlure shafted from 

2390 A on addltron of rhe acrd and the absorption ;II Y4n 4 dlcappeared 

(c) A soln of 7c (2 mmola) m methykne chloride (5 ml) was treatad WII~ pyrdine (OS ml. 6.2 mmoks) 

and dicyclohexykarbodrimide (08 g, 40 mmoks) II room temperature. Ak four days the NMR spectrum 

of this soln showed no change 

Rrortion o/3 wirh hydrogen chlorrdr. 

Compound 3 was prepared from dimcthylkctenc (2.1 g 30 mmoks) in CH,Cl, (5 ml) and dtuomethane 

l Ihc m&i JI I Xl bctimc an AIBl pitern uhcn pyrrdrne was addal 10 the NMR umplc. 

t Acetone anrl shows UV absorptton JI i, = 275 w (log c - 3 2s)” and the stram da cyclopopane 

ran8 would be expectal IO shaft the nbsorptron IO longer wavekngths lor 21. 
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(11.2 mmola) tn CH,CI, cblonde (20 ml) PI - 78’ HCl gas was bubbled into the cold soln ( - 78”) for IJ 

mm. then the soln was warmed slowly to room tamp The IR absorptloo at 1820cme ’ (cydopropanone) 

disappeared tmmcdiately on additioo of HCI. The ructton muturc was washed twia with NaHCO,aq 

(25 ml), dried OVCT MgSO, md concentrated under vacuum. The productx were analyzed by quantitative 

VPC on a 10 ft BBp column ustng echlorotoluene as an Internal standard. Compounds 9n and 9b were 

formal m the ratlo of 58 to 42 ad in a combmal y~cld of 4 To_ hased on dtazorncthane Compound 22a. 

(2_2dtnuthykyc)obutanonc) an impunty in the prepu8tton of 3 wax oot resolved from w; however, it 

wax corrected for by maturing the amount of a (3.3dimcthylcyclobutanone) and axsuming the ratio of 

22a:t2) was 1.3. 
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