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Abstract - The pyrazoliies (12), (18). (21). (26) and (32). prepared by addition of 
diazomethane to alkyl cyclopropene- l- carboxyhttes or to l- trimethybhy)cyCti 
propenes respectively, rearrange at 20 to 70 Oc to diazo- compounds (14). (19). 
(23). (28) and (36). Pyrazolines (22) and (33) are unchanged under these conditions. 
Catalytic decomposition of the diizo-compounds is highly dependent on the nature of 
the substituents and on the catalyst, leading to bicyclobutanes or dienes apparently 
derived by intramolecular addition, hydrogen shifts or vinyl shifts in intcmmdiite 
carbenoids. In the case, of (36) decomposition in the presence of rhodium acetate 
leads cleanly to the Z- alkene (37) while in the presence of PdCl ,(CH sCN) r the 
E-isomer (38) is produced. 

Diazoalkanes are known to undergo 1,3- dipolar cycloaddition to a number of cyclopropencs under very 

mild conditions. The reaction can show high rcgios&ctivity, eg., (1. X = CO,Me or POPh,) leads to (2) 

with diaaopropane. 112 In other cases little selectivity is obscrvul;~~s thus in the case of a series of 

l- (t- butoxycarbonyl)-2- phenylcyclopropenes both (3) and (4) are obtained in ratios of ca. 1:l to 2:1 .r 

(1) (2) (3) (4) 

Ahhough the resulting pyrazolines can generally be isolated, a number of examples having a hydrogen on 

C-4 are reported to rearrange rapidly to diiydropyridazines (5) under the reaction conditions.4 or on 

treatment with a trace of acid’15 or base:s*s 

l 

The thermal decomposition of a number of the pyraroUnca k also reported. In some cases thcrmolysis leads 

to the clean formation of bicyclo(1 .l.O)butanns; s in other casea. complex products an obtained which are 

consistent with rearrangement of the pyralohne to a dlazo- compound (6): 7.’ 0 
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followed by loss of nitrogen to produce a carbeae which can undergo a nnge of intramolecular reactions. 

The intermediite dko-compouud can sometimes be isolated, and the wnditions required for the pyraroline 

to diaw- compound rearrangement arc strongly dependent on subatituteatsr~a~ I 0 and are reported to range 

from ambient temperature to, eg.. refluxing toluene. The wtt~rsioa of pyrar.olina to diaao-compounds 

may also be brought about by photolysis. I 1 Photolysis of the pyrawlina can also lead to nitrogen loss and 

the production of bicyclobutaau or dknes; the formation of Mcyclobutanu has been explained in terms of a 

diradical intermediate. (7). whlk the diena are beUeHd to be derived from tbe diazo-compound through 

the corresponding urbene. s HowHr. in view of the known conversloa of T,6- unsaturated 

o- diazocompounds to bicyclobutaaes and dienes, it is not tmlikely that both products are carbenc derived. r 

While the dkter (9) rearranges with a trace of acid to produce (10). the monoester (8). derived from 

methyl 3.3-dimelhylcyclopropenecrrboxylnte is reported to be thermally stable; moreo=r tbe aryl- analogues 

(3) and (4) are reported with no comment as to their rearrangement.t 1s 

‘?’ Me$Nio2Me Meo2cpjco2ue mo2c!f$ C02Me 

MC 
H 

(7) (8) (9) (10) 

We Noel describe the isolation of several pyraaolhta derived from alkyl cyclopropene carboxylates. their 

rearrangement to diicompotmds. in one case at ambient temperature, and tbe intramolecu.lar trapping of 

carbcnoids derived from these to form bicyclobutanes or dienes. We lta* also ahown that analogous 

I- trimethylsilyl- substituted pyrazolines can rearrange to diazo-wmpounds at ambient temperature and that 

decomposition of the tatter can be strongly dependent on the catalyst. 

Cyclopropene- I- carboxylic acids are readily obtained from l-halo- alkena by the tm step sequence 

of addition dibalogenocarbene (halogem = bromine or chlotine) folloHd by treatment with tpx) molecular 

equivalents of methyl lithium and quenching with carbon dioxide; in the same way quenching with methyl 

chloroformate or chlorotrimethyisilane leads efflcienUy to methyl cyclopropene- I - carboxylates and 

I- trimethylsilyl- cyclopropena respectively. ’ ’ Reaction of the acid (11. R, = R, = Me)‘r with one 

equivalent of diawmcthane at - 30 Oc led to the corresponding ester. However. 4th 2.5 mol.equiv. of the 

reagent a rapid reaction occurred, incorporating a second qtdnlent of the diaao- compound and leading IO 

(12) in 92% yield after chromatography. N.m.r. analysis showed no evidence for the second rcgioisomer. 

(13). When (12) was heated for 48h at 60-70 Oc a smooth rearrangement occurred to produce the 

diazo- compound (14) (85%). the regiochemky of which was confumed by the presence of allylic coupling 

on the low- field methyl group in the rH n.m.r. and by the hr. bends at 2085 and 1707 cm- I, typical of 

o- diazoesten.** Brief reaction of this with a catalytic amount of rhodium acetate in chloroform al 20 oC 

led to the rapid evolution of nitrogen and the formation of a single product (IS) (75% after 

chromatography). The latter srw characterRed by four methyl singlets in the rH q .m.r. at 6 3.63, 1.5. 1.3 

and 0.92. together with tyo doublets (each J 2Hz) at 2.22 and 1.76. and by a ‘C spccvUm which included 

four singlets at 21.7, 26.1. 50.8. and 172.6, as veil as a double doublet (J ca. ISS, 170 Hz) at 36.7 for 

C,. showing different wupllngs to exe- and endo_ hydrogenr (see below for (24)). - 



Alkyi 2diazopent-4-enoates and I-trimethylsilyl-ldiazobut-3cnes 217 

R. R. Me Me MeMe 

‘. _ N I 
Me 

(14) (1s) 

Apparently the rhodium carbenoid derived from (14) undergoes a relatlnly clean addition to tbe alkene bond 

in preference to alternative carbenic reactioas such as 1,2- alkyl or alkenyl sbiita. This is ln contrast to the 

corresponding reaction of methyl 2-dlazopent- 4- enoate (16) which leds to an c-a. 2:l mixture of methyl 

&- penta- 2,4- dienoate and the corresponding bicyclobutane in the presence of rhodium acetate;’ 3 the 

greater chemoselectivlty in the present system presumably reflects the more electron rich nature of the double 

bond and/or the slowx 1,2-&R of alkyl and alkenyl groups rather than of hydrogen. It is interesting to 

note also that the carbenes (17, X = H or CO,Et), derived from a variety of routes, undergo both a 

1,2- methyl shift and insertion into the C- H bonds of tbe methyl groups. ‘4 

Reaction of the dlmetbylcyclopropene (11, R, = Me, R, = Ii) with dIr.ometbane followed a slightly 

different course, in that with one molequivalent of the reagent a mixture of the cyclopropene eater and the 

pyraaolhre (18) was observed. However with. 2.5 molequiv., complete transformation to (18) occurred 

(76%). The pyraaoline showxl the expected three methyl singlets in its ‘H n.m.r.. together with three 

double doublets at 4.6 (J 18. 7Hz). 4.2 (J 18. 2Hz) and 2.1 (J 7, 2Iiz). and the raC! spectrum was again 

consistent with this structure. This pyrazoline also underwent a clean rearrangement to the corresponding 

diazo-compound (19) (66%). in tbii case on heating for 5 days at 70 W. Thls is an apparent contrast to 

the pyramline (8) which is reported to be thermally stable.’ Compound (19) decomposed rapidly on 

treatment with a catalytic quantity of rhodium acetate. leading to a single major product. (20). which showed 

spectroscopic properties identical to an authentic sample,’ s together with two minor products (ca. 10% total) 

which could not be obtained pure. Compound (20) ls apparently derived by a 1,2- vinyl shift in the 

carbcnoid derived from (19); the preference for vinyl rather than alkyl migration is not unexpected,r s and 

the failure to observe any intramolecular addition, as seen for (la),’ 3 may reflect conformatlonal changes 

caused by the presence of the gembra methyl groups; thus the transition state for bicyclobutane formation 

may be expected to lead to eclipshtg of the ester group with the exo-methyl. - 

II 
N- 

Me&-C: 
I 

X 

(16) (17) 

Me Me 
co ,Me r, 1 ;+ 
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P CO 2Me 

fiN 
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In the case of the acid (11, R, = H, R, = t-Bu), ructlon with 2.5 mol.equlv. of diazometbane led to an 

ca. 8:l mixture of (21) and the regtoisomer (22). On standIng for 2Oh at 20 W the major isomer 

rearranged in high yield to the diazo-compound (23) which again showed an i.r. band at 2083 cm-‘. The 

minor isomer remained unchanged and could be separated from the dlazo-compound by column 



218 M. S. BAIRD and H. H. Huss,w 

chromatography. Treatment of (23) with a catalytic amount of rkdhtm acetate again led to a single 

product, (24), in essentially quantitative yield (92% after dfstUation). The bkyclobutane shoti just four 

singlets in its ‘H n.m.r. spectrum including tar[) twn- hydrogen slngleta at 6 2.2 and 0.9 for the ring 

hydrogens. The geminal couplht; in bic@Amtana k often small.’ 7 and indeed in some cases is not 

observed. ’ 8 The ’ 3c spectrum was intereating in that the carbons of the CHs- groups appeared as a 

double double double doublet in the opted decoupled spectrum, with coupling to each of the ring hydrogens 

(Fig. 1). By analogy with related systems the largeat coupling (169.4 Ha) may be assigned as the one- bond 

coupling to the endo- hydrogen, while the couphng of 155.4Ha is caused by one bond coupling to the - 

exo- hydrogen.’ r The three bond couphngs to exo- and endo-hydrogens could be assigned as 13.6 and - - - 

5.0 Hz respectively. 1 7 The formation of (24) in high yield suggests that the carbenoids derived from 

o- diiroesten may add cleanly to diiuMhuted y,&- akenes cvtn In the presence of hydrogens at the 

f3- position. The greater selectivity for addition compared to (16) could be caused simply by the electron 

releasing effect of the t- butyl group, but once again conformatIonal effects in the intermediate carbenoid 

may play a part; thus the preferred conformation about the Cs- C, bond may be expected to orient the 

t- butyl group away from the rhodium carbenoid, and therefore to direct the vinyl group towards 

centre. 

the carbene 

But CO ,Me 

\ .4-” II 
N' 

(21) (22) w 
But 

co +ie 

2 
A (24; 

Pig. 1. Gated Decoupled 1 3C Spxmm of Compound (24) 

(Showing 25 - 35 ppm region only) 

75.47 MHZ 



Alkyl Zdiazopcnt4cnoatcs and I-trimethylsilyl-ldiazobut-3cttes 219 

Addition of diazomethane to the sllane (23) aIso occurred in a t~gbaekctlve ntanrnx. to produce (26). This 

compound prond to be rnsitlve to base. marmn@g to the crystaIUne dIhydropyrtdazine (27); indeed if the 

solution of diazomethane in ether had been dried over solId potasshtm hydroxhle before use. the 

dihydropyrldwiw was obtained dIrectIy in good yield. In the atnence of base the pyrazotine (26) underwent 

an alternative r earranpment to the dkmilane (28); this p- was easiIy cartied out by refiuxing for Ih in 

benzene (93%). Compound (28) was reIatIvaly stable to heat, remainhtg unchanged after refluxing for a 

further 2h. SurpriaingIy it was aIso unchanged by treatment with a catalytk amount of rhodium acetate or 

cuprous cyanide in refluxing benzene. However. when the catalyst was changed to cuprous iodide, loss of 

nitrogen did occur in 3Om at 800 in benzene. The only major product was the bicyclobutane (29) (71%) 

which was identical to a sample prepared by reaction of (30) with methyl lithium. 2 1 The same product was 

obtained when the cuprous iodide catalyst was replaced by Pd(MeCN) &Jr. and apparently arises by addition 

of the correspondhtg carbene or a related carbenoid to the double bond. It is interesting to note that while 

the two reactions of (28) and the reaction of (30) with methyl lithbnn follow a common pattern of carbcne 

(carbenoid) addition to the do&k bond, there Is a sharp contrast with the reaction of (19) with rhodium 

acetate, which leads to mIgratIon of the vinyl- group In the intermediite carbenoid rather than addition to 

the relatively tinactivated alhene. 
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Addition of diaaomethane to the t-butyl system (31) was leas selective and led to an ca. 2:l mixture of (32) 

and (33). Ike the dimethyl-derktlve above these compounda both rearranged in the presence of a trace 

of base to the corraponrhng dIhydropyrida&tes, (34) and (35) respectively. In addition, (32) rearranged on 

standing at 200 for 24h to produce the dko&ane (36). which shoti a d&zo- band at 2039 cm-l in the 

infra-red, a position very cIo6e to that ia the diazudane (28). This could be separated from unreacted 

(33) by column chromatography. Treatment of compound (36) with a catalytk amount of rhodium acetate 

ied to the g-diene (37) by 1,2- mIgratbn of hydrogen In the intermedIate rhodium carbenoid; this could be 

diitinguishcd from the regioIsomar& product in winch the positions of But- and MesSi- groups are 

intcrchangcd on the basis of the prawkce of ss!+ side bands On the ‘~-d@d for CA.” The 

formation of ~-a&mea In rbndhnn cataIymd reactIons has aheady been rep0rted.t a and In the present cast 

no signals for the E-isomer ywc seen in the tH n.m.r.* What vu perhaps more surprising, in view of 

the formation of (24) from (23). was the absence of any bIcycIn(l.l.O)butane (39, R = But) in the product. 

When the decomposition of (36) was carried out In the presence of Pd(MeCN),CI, as catalyst, a different 

stereoselectivity was observed, and the E-dkne (ja) was obtahted In reamnabk yield; the tH n.m.r. of the 

crude product in this case shoti only the flgeaIa gimn by (38). and none for (37). Once again, the 

regiochemistq of the dIene was proved by the prewnce of ‘Vii- aide banda. In this case on the ‘H-signal 

for H~.rc 

A 
But SW Me $1 But 

- 

But SIMe, 

(31) (32) (33) 
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Although there are a number of routes to the synthetically useful l-trimethytrllylbuta-1,3-diencs,sz the 

ability to obtain E- or Z-isomers by choke of catalyst is notexwtby.+ Considerable catalyst dependence 

has been reported in the decomposition of a number of diixocompounds, but the change in stereoseIectivity 

in the above reactions of (36) is remarkably sharp. 19 Moreover, in the presence of cuprous iodide, the 

decomposition of (36) followed yet a different course, and an ca. 35 mixture of (38) and the bicyclobutane 

(39, R = t-Bu) was obsermd. The tatter ~85 obtained pure by treatment of the mixture with 

tetracyanoetbytene, when (38) was converted to the [4+2]-cychwhiuet (40); flash distillation then produced 

pure (39, R = t--&r). Tbe bicyclobutane could be characterhut by comparison of its wtra with those of 

(39. R = Me), obtained by reaction of 1,1- dibromo- l- trbnethyLsiIyl-3- methylbut-3- ene with methyl 

lithium. s’ Moreover, on standing for 3 days in deuterochloroform solution it underwent a clean 

rearrangement to tbc cyclobutene (41). This showed a complex n.m.r. spectrum for the four ring hydrogens 

(Fig. 2a) with coupling constants of Jab 0.7, J, 0.55. Jad 1.0, Jb 13.4, J w 4.6, J d 1.7 Hz. Double 

irradiation at the frequency of Ha led to the AMX pattern shown in Fig. 2b. Sihar rearrangements have 

ken reported for a number of other bicyclobutanes. and the coupbng constants are very shniar to those 

reported.‘s*s’ 

But Me Me 
Me ,si 

h 
H 

3i ?+ I 
I ‘But 
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N" 1 I 

w (41) (42) 

We wish to tbanh The Arabian Gulf Uaivemity for supporting H.H.H. 

EXPERIMENTAL 

Cyc~opropenes wore preparuf as previously described. $2 
Unless other&e stated at1 new compounds wre homogeneous by t.1.c. end/or g.1.c.; n.m.r. spectra were 

run in CDCI, solution and recorded for rH at 200 or 3OOMH.a on Bruker Spcetrospio instruments. and t 3% 
spectra were recorded at the correapondiog frequency on the same instruments. Infra- red spectra were 
obtained on a Nicolet F.T. htstrument, while mass spectra xwe measured on an AR1 MS9 or a Kratos MS80 
using the ELI. method. Melting points are uncorrected. 

I- tirbomethoxy- 6.6- dimethyl- 2,3- diamMcyclo(3.l .O)be~- 2- etre 
Diaromethaoe in 

(18) 
ether (9.6mt, 1.4M, 2.5 mokquiv.) was added at 0 Oc to 

3.3-~methykyclop~pene4wboxyiic acid (0.6 g) in ether (10 ml). The mixture was alloarui tn reach 200 and 
after 10 mio the excess of dJaromethane and the ether wmn removed at 14 mmHg to give a yehow oil 
which was one spot on t.1.c. Cohnnn chromatography over sika ehning with petrol (b.p. 40-609 twd ether 
ga= I- ~bomf%hOW 6.b dimethyl- 2.3- diaxaMcyclo(3.1 .O)ber 2- enc (18) (0.68 g. 76%) (Found N+ : 
168.0891. 
J 7% 

GsH,,NsOs requfma M: 168.0899) which sbowsd 6J.f 4.63 (lH, dd, J 18, 7 Hz). 4.22 (IH, dd. 
2Ht). 3.88 (3H, s), 2.12 (lH, dd, J 7, 2 H& 1.38 (3H. s), 0.62 (3H, s); 6, 168.1s. 86.99, 76.21, 

52.4q. 326d. 32.5s. 20.49, 13.7q; emax 1732. 1438, 1303, 1212. 1110 cm-l. 

l- Carbometbow- 5.6.6 trimethyl- 2,3- diar.abicyclof3.1 .O)bex- 2- ene (12) 
A solution of diaromethane in ether (6.4ml. 1.4&f, 2.5 moleqiv.) was added to 

2,3,3--e~ylcyelo~ep acid (0.45 g) in ether (10 ml) at -300 and the pro&eta were allowed 
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to reach 20 DC. After HImIn the product5 yer~ worhed up a5 before and the residue wa5 purified by 
column cbOmrtonraDhv over sluu elutiru with 6:4 petrol (b.o. 40-O and ether to aive 
I- CarbomCtboxY 3.6& trfmethyf- 2,3- dkxabi&k(3.1 .O)hex-i- ene (06 g. 92%). (Found M+ : 182.1053. 
CsH,,N,O, re’@= M: t82.3053 whkh thoMd by 4.43 (lH, d, J 19Hx). 4.39 (lH, d, J ¶9Hx), 3.88 
(3H 5))r 1.42 (3H. 5), 1.38 (3H, 5), 0.66 (3H, 5); 6c 167.50, 83.85, 82.31. Sl.Sq, 37.5s, 34.9~. 16Oq, )4.sq, 
ll.lq: Pmax 1727, 1436. 1276, 1094 cm-l. 

Reaction of 2- t- But~lcyclomvpenc- I- carbxylk acid with Diaxomethane 
A sokrion of dlammethane in ether (lMml, 0.4mokr. 2.Smot.quiv.) w added to 

2- t-butykyclopropene- I-cafboxyhc acid (2.29g) in ether (30ml) at 0 oc. Tbe product5 were allowed to 
reach 200 and after 20min nnre norkui UD a5 above. The realdue was a mixture of two comoonents. The 
major product wfu obtained pure b; kactionaf cryataJiisatioa from acetone and ch&etedsed as 
l- carbomethoxy-5-t-but+2.3-diaxa- bkyclo(3.l.O)her 2-ene (2.Ug, 7096) (Found: C, 61.3. H 8.2, N 
14.35. hP 196.1193. C, ,H. ,N,O. reouirea: C. 61.2. H 8.2. N 14.3. M 196.1212) whkh showed 6r.r 
4.86 (IH, d. J 20Hx), 4.jb (iir, *de-J ZilHt), 3.90 (3H;5). 2.28’ (1H. d; J ?Hx), 0.6 (9H, s). 0.39 (lri: 
d, J 7 Hx); 6, (Ds- acetone, 
173O. 1241, 1130 cm-l. 

-40 oc) 169.3s. 82.9t, 75.65, 53.2q. 48.75, 31.65, 28.2q. 25.Ot; pmax 2963, 

The minor component w(u obtained pure by rapid chromatography of the mixture over silica eiuting with 
82 petrol and ether. This ako gave the major component, but contaminated with a little of the rearranged 
diaxo-comoound (5ee below). A more efficient way to obtain the minor comooneat wns to altow complete 
r~rrangem~nt of the major- one. and then to sc&ate using column chromatography. The minor product 
~5 chatactuised as l- carbomethoxy- S- t- butyf- 3,4- diaxabkycfo(3.1 .O)hex- 3- ene (0.3g, 9%). m.p. 
68-70 oC (Found: C, 61.1, H 8.3, N 14.2) whkb 5bowed &H 5.18 (IH, d. J 19Hx), 4.M (1H. d, J 19Hx). 
3.69 (3H, s), 2.06 (IH, d, J 6Hx), 1.11 (9H, 6). 0.17 (lH, d, J 6 Hz); 6, 169.75, 92.5s, 83.01, 

1439, 1153, 915 cm-l. 
52.3q. 

33.O5, 32.65, 27.94, 2O.Ot; 1742, vmax 

Methyl 2- Diaxo- 3,3- dimethytpeat- 4- enoate (19) 
1-Carbomethoxy-6,6-dbnethyl-2.3-ddiaznbkyclo(3.l.O)hcx-2- ems (0.3g) was heated at 700 for 5 days in a 
sealed tube. T.1.c. then showed no 5tarting material and column chromatography ov!rr silica eluting wnh 
peti' (b.p. 40-600) and ether (9:l) gave a single product, methyl 2- dii3.3-diethykent- 4- enoate 
(O.Zg, 66%) a5 a yellow oil (Found M+: 168.0885. C,H t sJ,O, requires M: 168.0887) wbicb showed &N 
5.94 (lH, M. J 18, 9 Hz), Xl4 (tn. br.d, .J 18Hx), 5.10 (lH, br.d. J 9Hx). 3.69 (3H. s), I.34 (6H, s); 
6, 166.65, 143.W. 112.4t, 62.65, 51.4q. 35.45, 26.24; vmax 20825, 1704s, 13O25, 1083s cm- I. 

Methyl 2- Diaxo- 3,3,4- trimethyfpent- 4- enoate (14) 
l-Carbomethoxy- 5.6.6 trimethvl- 2.3- diaxablcvchX3.l.O)hex- 2- ene (0.2g) was treated in a sealed tube for 
2 days at -70 o&- T.1.c. shoolcd compkte reac~on of the startlng~ma~&ird and the formation of a single 
product whkb plsll separated by cohmm chromatography over 5ilka. eluting with 9:1 petrol (b.p. 4O-600) 
and ether and charac~mrked as rrmtbyl 2- dkxo-3.3.4- trimethylpeat- 4-enoate (O.l7g, 85%) (Found M” : 
182.1101. C,H,~N,O, requires M: 182.11%) which showed ,+H 4.88 (2H, br.s), 3.70 (3H. s), 1.77 (3H, 
br.s), 1.38 (6H. s); 

cm-l. 
8, 166.65, 149.1s, lll.Ot, 63&, 51.4q, 38.35, 26.2q, 19.79; rmax 2974, 2085. 170’7, 

1305, 1081 

Methyl 2- Dii S,5- dime&-f- 4- methylenehexanoate (231 
(a) A sobrtion of f- carbomethoxy- S- t- butyi- 2.3- diaxabkyclo(3.1 .O)hex- 2- ene (1.31g) in chloroform (20 
ml) ‘(yas allowed to stand at 2O ‘-X, and the progress of the reaction wa5 monitored by n.m.r. After 2 ckp 
comolete reaction of the nutinn material had occurred and a 5inxk oroduct had formed. This was obtained 
pure by column chromatograph;. on 5ilka. efuting with 8:2 pe&oi ‘and ether and charaeterised as methyl 
2- diaxo- 5,5- dimethyl- 4- methylenehexanoate (l.l9g, 91%) (Found M+ : 1%.12O9. C, 8, 8N 2O 2 requires 
M: 196.1212) which shoved 6H 4.98 (lH, br.5). 4.75 (lH, br.s). 3.72 (3H, a). 3.W (2H, br.s). 1.08 (9H, 
5); &. 167.65, 152.45, 109.7t, SS.9br.5, 51.9s. 35.73, 29.lq, 26.11 (further split into narrow dd, in agreement 
with &ylic coupling); pmax 2%3, 2083, 1699, 1438, 1204,. 1107 cm-J. 
(b) The starting material waa allowed to rrtand without solvent for 3 day5 at 20 Oc. Complete 
rearrangement to the diixo-compound wa5 ohserved by *H n.m.r. 

Methyl 2,3.3- Trimethylbkyclo(1 .l .O)butane- l- carboxylate (IS) 
A solution of methyl 2-diaxo-3.3,4-tiethylpent- 4-enoate (8Omg) in chloroform WIS treated with 

rbodimn acetate (8mg). A rapid evolution of nitrogen oceurr& and after 10 min t.1.c. showed complete 
consumption of the 5tming mat~rlal. The produet were vorked up a5 above to pin? an oil which MS 
purified by column chromatoraphy over dlka ehrting with 9:l petrol and ether and was characterized as 
methyl- 2,3,3- trimethyl- bkyclo(l .I .O)butane- I- carboxylate (53mg. 75%) (hound M+ : 154.1050. c ,H , _,o z 
rcsuires M: 154.lO45) which 5hoti 6H 3.62 (3H, 5), 2.22 (IH. d. J ZHx), 1.76 (lH, d, J ZHx), 1.50 (3H, 
5). 1.30 (3H. 5). 0.92 (3H, 5)); 6 

cm-f. 
172.64, 51.2q, JO.85, 36.7dd. 26.1s. 21.75, t9.4q. 16.lq, 10&q; 

1713, 1439, 1293, 1135, 1101 
prnax 

Methyl 3- t- Bu~~c~ldl .l .O)butane- I - urboxyiate (24) 
A salution of methyl 2- dkpr S.S- dbnethyt- 4- methyknebexanoate (IlOmg) in chloroform (2mi) wns 

treated with rhodium a&ate (6mg) at 20 Oc. A rap&i evolutkn of ga5 occurrnd and after 2 min the 
5olutkn became colourkm. The product rhowcd only one 5pot on t.1.c. and the ‘H n.m.r. showed only one 
set Of 5ignak. The solvent wa5 removed at 14mmHg and the re5hiue wu fk5h dktkkd at 20 O and 0.01 
mmHg to give methyl 3-t- butylbk~hXl.l.O)butane- l-carboxyiate (87mg. 92%) (Found M+: 168.1152. 
C H 0 rcquh M: 168.113.O) whkh showed 5H 3.64 (3H, s). 2.19 (ZH, a), 1.02 (9H, s), 0.92 (2H, s); 
$517~f85.’ 51.7q. 39.7s. 32.6dddd (J 169.4. 155.4, 13.6, 5.0 Hx), 29.75, 28.2 q.scptets (J 125.5, 4.7Hx). 
14.4s; ‘max 2966, 1714, 1322, 1146, 770 cm-l. 

Methyl 3- methyl- 2- vinylbut- 2- ormate (201 
Methyl 2-d&o- 3,3-dimethyipent- 4-enoate (16Omg) in chloroform (3ml) wn5 treated tith rhodium acetate 
(2mg) at 20 Oc. A vigorous ewWAon of nitrogen ocourred and after Sm a colourkm solutioa was obtaiied 
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which showit no signals due to starting material in the ‘H n.m.r. The prcducts vere fitter& and the 
sofvcnt wkl removed at 14mmHg to give an oU (IlOmg, 83% crude yield) which showed one major 
component by g.i.c., and tw) minor componena (CI. 1096) very C~S togCthCr. The major product MS 

collteted and chnnctuficd u methyl 3-methyi- 2-vtnytbut-2-mtoate (Found M+ : 140.0823. Calcuhtcd for 
C,H,,O, M: 140.0837) which showed +J 6.55 (lH, M, J 16. 11 Hx), 4.85 - 5.2 (ZH, complex). 3.78 
(3H, s), 1.83 (6H, s); ymax 3093, 1731, 1219 cm-l. The tH n.m.r. and i.r. spectra were identical to 
those of an authentic sample. 1s 

6,6- Dimethyl- l- trimethylsilyt- 2,3- diibicyck(3.1 .O)hex- 2- ene (26) 
A solutknt of dIazomethane in ether (ZOml, 0.4Molar) was added at O” to 

3,3-~e~yl-l-~~y~y~~lop~~ (85Omg) in ether (2Oml) and the mixture wasaBouWttostandfor 
2h at 20 Oc. Excess dtazomcthatte and the solvent acre removed at 14mmHg. N.m.r. of the residue 
showed the pWSCUCC of a sir@! major product which was purified by column chromatography over silica, 
eluting with 73 petrol and ether and chamctetked as 6,6- dimethyl- 1 - trimethylsilyl- 
2,3- diaxabic3clo(3.1 .O)hex- 2- toe (S’lOmg, 79%) (Found MC : 182.1840. CsH, aN,Sl requires: 182.1238) 
which ahod bH, (CsD,) 4.21 (lH, dd. J 7.0, 18.8 Hz), 4.01 (lH, dd, J 1.9, 18.8 Hx), 1.17 (lH, dd, 
1.9. 7.0 Hz). 1.13 (3H. s), 0.54 (3H. s). 0.33 (9H, s); 6, (CsDs) 80.1s. 76.21. 31.3d. 27.1s, 24.3q. 14.7q, 
Of@; pmax 2955, 1251. 840 cm-l. Tit& material rearranged to the corresponding diaro-compound (see 
below) on standing at 200 either neat or In benzene for 3- 5 da)n. 

1,2- Diaxa- 3- trimethylsiiyt- 4,4- dimethylcyctohexa- 2.5 dtene (27) 
Diaromethane tn ether (22.Smt, 0.4 Molar; dried over solid potassium hydroxide) mts added to 

l-trimethytsilyl- 3.3- dimethylcyclopropene (O.Wg) in ether (1Omt) at 0 Oc aod the products ware allowed to 
stand for lh at 200. Excess dfarometbane and solvent uere removed at 14mmHg and the restdue was 
recrystallii from ether to give 1,2- chara- 3- ~e~~~ 4.4- dimethvkyckohcxa- 2,S- diene (099g, 91%), 
m.p. 71-730 (Found I@ : 182.1236, CsH, ,N,St requirea M: 182.1239) which sbow!!d 6~ (CsD,) 7.1 (tH, 
br.s), 5.76 (lH, dd. J 8. 5Hx). 4.27 (lH, dd, J 8. 3Hx), 1.08 (6H, s). 0.35 (9H, s) (the 3 and 3Ez 
couplings oo the signals at 5.76 and 4.27 reapectivaly disappeared when the signal at 7.1 was bradhued); 6, 
(CsD,) 14(.5s, 126.66. 104.2d. 32.7s. 27.39. 0.7q; rmax 3293, 296s. 1438. 1247, 736 cm-l. This 
compound decomposed on stand&g for 3- 5 days at 20 oc. 

1 - Diazo- 2,2- dhnethyl- 1 - ~e~v~yl~ 3- ene (28) 
6,6- Diiethyl- l- trimethytsilyt- 2,3- diaxabicycto(3.1 .O)hex- 2- ene (9SOmg) was refluxed in benzene (1Oml) 
for 6Om, when n.m.r. showed no starting material remained. The solvent was removed at 14mmHg and the 
residue was identified as l-dia~r2.2- dimethyl- l- trtmethylsBylbut-3-ene (879mg, 93%) (Found M+ : 
182.1247. C,H,at?xSi requtrea M 182.1239) whkh show& &H 5.68 (IH, dd, J 18, 9 HZ), 5.1-4.6 
(complex, ZH), 1.07 (6H, s), 0.8 (9H, 1)); 6, (C,Ds) 146.3d, 111.51, 41.5s, 37.9s. 27Sq, 08q; pmaX 2035. 
1254, 840 cm-l. The compound was stabte to heating for a further 2b under the same conditions but 
decomposed rapidly on attempted chromatography over silica; however the n.m.r. of the crude product 
showed no other components were present. 

l- Trimethvlsilyl- 2.2- dimethylbkycldl .I .O)butane (29) 
la) l-D&o-2.2- ~e~vt-l-~e~v~vt~~3- ene f2OOmd in benzene (3ml) was treated with cuomus 
iodide (1Omg). ’ No evolution of gas k&red. but after he&g at 80 cC for km complete reaction* had 
occurred. Tbe products were worked up as before and distUled at 20 ~ and O.SmmHg to give 
1-trimethylsily1-2,2-diiethy1bicvcto(1.1.0)butane (12Omg. 71%) as a colourkas oil (Found M‘, : 154.1192. 
C,H,aSi requires M: 154.1178) which showed &~.t 1.66 (1H. d, J 2.6 Hz), 1.43 (1H. d. J 2.6 fix), 1.40 
(lH, s), 1.19 (3H. s), 1.06 (3H, a). 0.26 (9H, s); very minor aignah (equivalent to c-a. 5% of the product) 
were atso observed in the olefink region. This compound was bdentical by rH n.m.r. to a sample prepared 
by reaction of S.S- dibrom~ S- trimethyisilyt- 2- methyipent- 2- ene with metbyt Whhtm. s1 
(b) The diazo- compound was treated with a catalytic quantity of Pd(MeCN) ,Ct x in benzene for 3Om at 
80 oc. N.m.r. showed complete reactton and the formatton of the above bicyclobutane (29) as the only 
major product. 
(c) The diicompound was treated 7vith a catalytic quantity of cuprous cyanide in be- for 3h at 
80 Oc. N.m.r. showed only starting mater&t. 
(d) The diazo-compound was treated with a catalytic quantity of rhodium acetate in bcnxene for 30m at 
80 DC. N.m.r. showed only starting material. 

Reaction of l- trimethytsilyl- 2- t- butykyclopropene with diazomethane 
A solution of 1-trimethylsilyl-2- t-butykyclopropene (l.Sg) in ether (1Smt) uas treated with 

diimethane (24.5ml. 0.4M, 1.1 molcquiv.) at 0 Oc and the solution was allowed to warm to 20 cC. 
After 6h the excess of diaxomethane and the solvent ware removed at 14mmHg to give an oil (l.Sg, 81%) 
which showed two spots very ckuc together on t.1.c. The mixture (2SOmg) was refluxed for 20m in benzene 
(4mt) when n.m.r. showad complete reaction of the major component and t.1.c. showed tw spots. The 
solvent was removed at f4mmHg and the residue wus subjected to rapid chromatography through a short 
column of silica. eluting with 83 petrol and ether. The first component wus charactcriscd as 
5- diazo- 3- methylene- S- trimethylsiivl- 2,2- dimcthylpentane (36) (IlSmg, 46%) (Found I& : 210.1344. 
C, ,H2sNrSi requke M: 210.1552) which shoued &H 4.90 (1H. hr.s). 4.77 (lH, bra), 2.66 (2H, br.s), 1.05 
(9H. s), 0.15 (9H, s); 6, (Ds-acetone) (-40 oC) 154.9s. tO9.4t 36.4s. 29.7q 28.St (further split into 
narrow dd), -15.); ‘max 2961, 2039. 1231. 841 cmWi. The second component was 
S- trimethytsitvt- l-t- butvt- 2,3- dhmabkyclo(3.1 .O)her 2- ene (33) (6Smg. 26%) (Found M+ : 210.1544. 
C, ,H,,N,Si requires M: 210.1552) which showed 6H 4.44 (1H. d, J 19Hx), 4.32 (lH, d, J 19Hx), 1.11 
(9H. s), 1.03 (lH, d. J 6Hx), 0.08 (9H, s), -0.36 (lH, d, J 6Hx); 6, 90.2s, 85.31, 32.1s, 2&7q, 2O.Ot, 
18.65, -0.56q; pmax 2958, 1363, 1253, 840 cm-l. The spectra of the fit component of the original 
diiromethaue reaction wutd be determined by subtraction of the rpwtsa of (33) from those of the crude 
reaction mixture; on thh basis it was identlfkd as S- t- butyl- I- trimethytsilyl- 2.3- diam- 
bicyclo(?).l.O)hex-2-ene (32) Welch showed 6H 4.4 (lH, d, J IllHe), 4.7 (lH, d J 18Hx), 1.0 (9H, s). 
0.35 (9H, s), 1.4 (lH, d, J Xix), -0.05 (lH, d, J 5 Hz); 6, (Ds-acetone. -40 cc) 82.61, 69.3s. 45.4s, 
31.2s. 29.3q, 24.3t. 0.49q. 
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t- Rut+ ttimethybilyl- 1,2- diazacyclohexa- 2,5- dkncs (34) and (35) 
(a) A aohttion of 1- trhnethyiailyl- 2- t- tnttycyclopropene (31) (l.og) in ether (IOmJ) MI treated ~4th 
diazomethane in ether (17.8ntl. 0.4M) (dried OHI KOH) for 18h at 20 XX Worh up aa before gave a solid 
(1.11, 94% crude yield) which was an ca. 2:l mixture of tuo componenta. These acre separated by column 
chromatography ovv silica, eluthtg with 82 petrol and ether. The Slat product to be eluted was 
S-t-tnttyi - 3-trhttethyidlyl-l.2-diazacWlohua-2.S-dktn? (34) (0.6Sg. 52%). m.p. 78-80 Oc (Found M+ : 
210.1555. C,,H,,N,Si tqtttrw M: 210.1552) which ahowed &H 7.5 (IH. hr.@, 6.1 (lH, d, J 5 Hz). 2.5 
(W. s). 1 .l (9H, a), 0.2 (9H. a); vman 3291, 2960. 1248, 838 cm-1 
standing at 20 oc. 

This compound decomposed on 
The minor component dcwmpoaed rapidly on the column and was not fully 

character&e!d. Hoahvx, on the hasis of n.m.r. signah at 6H 7.2 (lH, b.a), 6.3 (IH. d, J SHZ), 2.43 (ZH, 
s), 1.05 (9H, a), and 0.03 (9H, s) it VLI proviabttahy characterized as 3-t- butyl-S- trimethyhilyl- 
1.2- diaza- cyclohexa- 2.5- dkne (35). 
(b) The cyclopropeae (31) was allowed to atand for 5b at 20 rX tith diazomethane in ether (2.5 mol.quiv., 
dried over KOH) aa abore. The products uere uorked up as before to give a solid tich was a 2:l 
mixture of the pymwhnes (32) and (33) (ratio 2:1) and the diiydropyridarines (34) and (35) (ratio 2:l) by 
‘H n.m.r. The mixture was allo& to stand for 18h at 20 oC in ether over solid potassium hydroxide. 
N.m.r. then shoaad no pyraaoline to be present, and instead indicated a 2:1 mixture of the 
dihydropytidadnes (34) and (35). 

Z- 4- trlmethylsilyl- 2- t- buty&ma- 1.3- diene (37) 
S- D&w- S- ttimethylsilyl- 2,2- dimethyl- 3- wthylenepentane (36) (8Omg) in chloroform (3ml) uns treated 
with rhodium acetate (2mg) at 20 Oc. After 1Om evolution of gas was complete and the solution had 
become wlourws. Examination of the n.m.r. shoved that a sintie product had been formed. The products 
Mre Ntercd and the solvent was removed from the filtrate at 14mmHg and the residue uas flash distilled at 
O.SmmHg and 50 oC to give a wlourlesa oil. Z-4-trimethylshyl- 2- t- butylbuta- 1,3-diene (63m8, 91%) 
(Found M+: 182.1495. C,,H,,St requires M: 182.1491) whkh shouul aH 6.9 (1H. d. J 14 Hz). 5.5 (lH, 
d. J 14 Hz). 4.86 (2H, a), I.1 (9H. s), 0.1 (9H. s); 6,. 158.0s. 147.2d. 1312d (showinn side bands (ca. 
5%) at J ca. 75 Hz). 109.91. 29.69, 35.2s. 0.89.; in& 2959, 
showed no signals for the E-homer (38) (see below). 

E- 4- Trimethylsilyl- 2- t- butylbuta- 1.3- dine (38) 
(a) S- Dii 5- trhnethylahyl- 2.2- diiethyl- 3- methyknepentane 
treated 4th PdCl,(MeCN) 2 (8mg) for 1Sm at 60 Oc. N.m.r. . . . . _ _ 

1247. 838. 737 cm-l. - The ‘H n.m.r. 

(36) (ISOme) in chloroform (6 ml) was 
shoti complete teaction of the starting 

matenat, ana tne rormation of a single product. Work up as above folloahd by disthlatlon of the residue at 
O.SmmHg and SO oC gave E- 4- trimethykilyl- 2- t- butyibuta- 1,3- diene (%mg. 74%) as a wlourkss oil 
(Found M+ : 182.1491. C, ,H,,Si requires M: 182.1491) which shod 6H 6.53 (1H. dt, J 19, O&Hz), 5.96 
(lH, d, J 19H2, ahowing side-hands (ca. 5%) at J 5 Ha), 5.02 (lH, br.dd, J l,O.S HZ), 4.72 (1H. dd, J 
1, 0.3 Hz), 1.01 (6H, s), 0.95 (3H, a), 0.05 (9H. s); d, 158.2s. 144.Od (further split into narrow dd), 
130.7d, 107.31. 35.2s. 29.69. -1.09 

Fig . 2. 200 MHz tH N.M.R. of Compound (41) Showing the Signals for the Four Ring 
Hydrogem 

(a) Normal spectrum 
(b) Spectrum with double hradiatlon at 6 7.26 

Ho li 
.L L-1_- 

7.26 2.6 2.0 

b) 

2.5 2.0 
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(b) S-Dii S- trimethylsIlyl-2.2-dimethyl-3- methylencpentane (36) (167mg) in chloroform (3ml) was 
treated with cuprous iodide (1Omg); after 30m at 20 aC. n.m.r. shovsd only the start@ materkl. The 
mixture was refluxed for 30m. after which time the yellow colour had dIsappeared. The products WIG 
faltered and the solvent was removed at 14mmHg. The remaining oil was purifkd by column 
chromatography over silka, elutlng with 8.2 petrol and ether to give an oU (12Omg, 83%) whkh showed a 
single spot on t.1.c. but was found to contain tw components (ratio IX. 3:2) by rH n.m.r. The f& 
component was E-4-trimethylsilyl-2- t-butykuta-1,3-dkne whkh ww identkal by n.m.r. to that obtained 
above. This was remowxi by treating the mixture (43mg) in chloroform (Zml) with tetracyanoethylene (3Omg) 
for 1Sm at 20 Oc, after which n.m.r. showed no signals for the diene. The solvent was removed at 
14mmHn and the residue was flash dktllkd at 1 mmHa and 20 Oc to rive a distillate (1Omd whkh was 
characte”&ed as l-t- but+ 3-trimethylsllylbkyclo(l.l.O)butane (39. R ‘= But) (Found MT: 182.1493, 
C,,H,,Si rquires M: 182.1491) whkh showd 6H 1.06 (ZH, s), 0.99 (9H, s). 0.09 (9H, s), -0.04 (ZH, s); 
6, 30.7, 29.0, 28.7; 28.4, -0.35; rmas 2960, 1248, 837 cm-l. The resldoe was ptuifkd by 
recrystallkatlon from ether and characterked as l- t- butyt- 4,4,5.5- tetracyano- 3- trimethykilylcyclohenne 
(40) (29m8 m.o. 139-142 Oc (Found M+: 310.1600. C._Ii,.NSi reoubes hi: 310.1614) whkh showed 
bH_551 (iH, br.s), 3.03 (1H. b;.s). 2.50 (lH, br.s). 1.10 @I,‘& il.32 (GH, s); b, 138.66,~115.4d. 112.6s. 
llZ.Os, 110.8s, llO.Sr, 40.4.q 40.1s, 35.9s, 32.4d, 32.01. 28.58, 2.2%; rmax 2972, 2220 cm-l. 

3- Trimethykilyl- l- t- butylcyclobutene (41) 
A solution of l-t- butyl-3-trimethylsIlylbkycl~l.l.O)butane (39. R = t- Bu) in deuterochloroform was 
alloti to stand for 3 days at 20 oC.- N.m.r: then shoned complete reaction of. the starting material and its 
replacement by a single product. This - characterised as 3-trimethykilyl- l- t- butylcyclobutene (41) 
(Found M+ : 182.1491. C,,HssSi requires M: 182.1491) which shoved 6H 7.26 (1H. br.s), 2.58 (1H. ddd, 
J 13.4. 4.6, 0.7 Hz), 2.18 (lH, ddd, J 13.4, 1.7. 0.55 He), 1.94 (lH, ddd, J 4.6, 1.7. 1.0 Hz) 1.0 (9H, 
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-0.05 (9H, s); 6, 157.1, 124.8, 32.8, 28.7, 28.0, -3.4.. 
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Compound (36) decomposes If exposed to siliu for extended perk&, and some E-dlene (38) rowhs; if 
care is not taken this can be carrkd through to the reaction of (36) with rhodium acetate, leading to a 
reduced tit tram selectivity. 
See eg. Aldrich Lllnwy of Infra-red spectra. 
It is pnssIble that (38) b derived by lsomerkatloa of (37); model studks suggested that the 
Pd-catalyst did Indeed bring about thb reactian. but the rate appeared to be loner than that of the 
direct reaction from (32) to (38). 


