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We previously showed that the catalytic reaction of cyclopropene hydrocarbons with
olefins yields vinylcyclopropanes, formed as a result of isomerization of cyclopropenes [2]
or bicyclo [2.1.0] pentanes, the products of intermolecular cross-{2 + 2]-cycloaddition [3].
The direction of the reaction is essentially dependent on the character of the double bonds
of the olefin and particularly on the ligand environment of the CuCl used as the catalyst
[3]. For example, hydrocarbons of the norbornene type which contain a strained double bond
can react with cyclopropenes in both directions indicated at the same time [1, 4], and the
reaction takes place with a high selectivity according to the type of [2 + 2]-cycloaddition
in the presence of (PhO),P+CuCl at —20°C and especially Ph,P:CuCl at 20°C [3].

In developing these studies, the reactions of 3,3-dimethyl-(Ia), 3-methyl-3-cyclopropyl-
(Ib), and 1,3,3-trimethylcyclopropenes (Ic) with unsaturated hydrocarbons containing a
bicyclo[2.2.1]heptene fragment, catalyzed by CuCl or a complex of CuCl with (PhO),P:
norbornadiene (NBD), 5-methyl-2-norbornene (MNB), endo- and exo-dicyclopentadienes (DCPD),
exo,endo-tetracyclo[6.2.1.1.%:%.0%257]-4-dodecene (TCD), and exo-trans,exo-pentacyclo-
[8.2.1.1%570%59 ,0%28]-5,11-tetradecadiene (PCT), were investigated in the present study.
The experiments were conducted in the range from —20 to 40°C by adding 1-3 mole % catalyst
to a mixture of cyclopropene, olefin, and CH,Cl, in the molar ratio of 1:4-6:4-8.
In these conditions, adducts of cross-cycloaddition of cyclopropenes to the double bonds of
the unsaturated hydrocarbons are formed together with the products of homodimerization of the
cyclopropenes, and the ratio of adducts of [2 + 2]-cycloaddition and the corresponding iso-
meric products of vinylcyclopropanation is essentially a function of the conditions of the
reaction and the nature of the starting reactants. The reaction of cyclopropene (Ia) with
NBD in the presence of (PhO),P-CuCl at —20°C results in a [2 + 2]-cycloadduct: 4,4-dimethyl-
exo, trans-tetracyclo[5.2.1.0255,0%s°]-8-decene (IIa) with a yield of 60%. However, at 40°C,
the product of vinylcyclopropanation is basically formed: anti-3-(2-methylpropen-1-yl)-exo-
and endo-tricyclo[3.2.1.02s%]-6-octene(IIIa), whose yield is 68% with a yield of (IIa) of a
total of 7% (Table 1). ‘
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The reaction of NBD with cyclopropene (Ib) takes place analogously, and as previously
observed [3], virtually 4-methyl-4-cyclopropyl-exo,trans-tetracyclo[5.2.1.02:50%s°]-8-decene
(IIb) alone is formed at =20°C in the presence of (PhO),P-CuCl. However, increasing the
temperature of the reaction to 40°C results in the formation of the product of [1+ 2]-cyclo-
addition: 3-(2-cyclopropylpropen-l-yl)-exo- and endo-tricyco[3.2.1.0%>*]-6-octene (IIIb),
whose yield attains 40%, in addition to (IIb). The use of CuCl as the catalyst causes even

*For previous communication, see [1].
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TABLE 1. Composition of the Products of the Reaction of Nor-
bornadiene with 3,3-Dimethyl- (Ia), 3-Methyl-3-cyclopropyl
(Ib), and 1,3,3-Trimethylcyclopropene (Ic) (v6:1 molar ratio
of reactants)

Yield , %

Stagting 5 mol I,°c (111
cyclo- Catalyst, 1l.5mole% ’ , .
PZopene aralyst, ex0-(II)| (exo:endo) (v ")
PhO);P-CuCl -20 60 10 (3,7: 1) 12 -
(1) (FRO)<T %0 7 68 (35 1) 6 10
Ib PhO) ;P-CuCl -20 94 - 5 -
(z0) (FhO)s? 20 | 72 15 (4:1 3 8
» 40 42 40 (3,9:1) 4 12
CuCl —~20 10 27 (4 1) — 56
» 20* 16 75 (4:1) - 7
Absent 150 % | 55-60 | 27 (3,9:1) 13 _
(Ic) (PhO);P-Cull 20 - 55 (5: 1) - 30

#n10:1 ratio of reactants.

greater formation of (IIIb) (Table 1). Despite an excess of NBD, partial dimerization of the
cyclopropenes takes place in almost all cases, both with preservation of the three-carbon
rings (formation of tricyclo[3.1.0.0%:%]lhexanes {IV)), and their isomerization [formation

of the corresponding hexatrienes (V)].

In the reaction of NBD with 1,3,3-trimethylcyclopropene (Ic) in the presence of (PhO,),P-
CuCl at 20°C, 3-(1,2-dimethylpropen-1-yl)-exo- and endo-tricyclo[3.2.1.0%»*]-6-octene
(IIIc) and the previously described [5] 2,3,6,7-tetramethyl-2,4,6-octatriene (Vc) were
identified as the basic products, and the yields were 55 and 307, respectively.

As Table 1 shows, the use of noncomplexed CuCl or an increase in the temperature sharply
increases the yield of vinylecyclopropane adducts (III) in comparison to [2 + 2]}-cycloadducts
(IT). This increase in the yields of (III) is probably due to potentiation of the
effect of the copper ion on the cyclopropene ring, which causes opening of the strained
ring to a greater degree and the occurence of a reaction along the [1 + 2]-cycloaddi-
tion pathway as energetically more advantageous in comparison to [2 + 2]-cycloaddition. It
is interesting to note that the thermal reaction of (Ib) with an excess of NBED also results
in the corresponding products of cross-cycloaddition (IIb) and (IIIb) [1], and the isomeric
composition of the products of vinylcyclopropanation of (IIIb) is almost identical to the
corresponding adducts of catalytic cycloaddition.

The structure and isomeric composition of vinyltricyclooctenes (III), isolated from
the reaction mixture by preparative TLC or column chromatography (silica gel, eluent:
hexane) were established based on the high-resolution PMR spectra. It was found that un-
saturated hydrocarbons (IIIa, c) are mixtures of two isomers in‘the ratio of (3.5-5):1,
and (IIIb) is a mixture of four isomers caused by the E,Z-isomerism of the 2-cyclopropyl-
propenyl fragment, whose spectral characteristics were examined in [2]. The choice between
exo-, endo-, syn-, and anti-isomers of (III) was made in consideration of the chemical
shifts of the olefin protons and the multiplet character of the signals of the Hb cyclopro-
pane proton. The significant difference in the chemical shifts of the signals of the olefin
protons of the norbornene fragment in the region of § 6.34-6.37 and 5.78-5.80 ppm for all
isolated (III) indicates the presence of an exo- and endo-tricyclooctene fragment, since
this difference is characteristic of the signals of protons of unsubstituted exo- and endo-

tricyclo[3.2.1.0%s*]-6-octenes, which respectively appear in the region of & 6.35 [6] and
5.65 ppm [7].

The anti orientation of the vinyl group in the predominantly formed exo isomers (III)
clearly follows from the multiplet character of the signal of the HP methine proton, since
the observed value of the SSCC Jp. =2.6-2.8 Hz is characteristic of the trans protons of the
cyclopropane ring. It was difficult to make a similar assignment for the minor: isomers of
(III) due to the overlapping of the corresponding signals by other groups of protons. For
this reason these isomers were identified on the example of isomeric dienes (IIIb) by mono-
cyclopropanation into adducts (VIb) due to the effect of a small excess of diazomethane in

1457



AmImU

~01942 UT ZH5) £6+0-69°0 3=t (“11
: - . . ")
‘AL°9 = r ‘““yp) p p6°0 pue %wmw 8L w0 e ot ) -oxe) ‘Z
‘T ‘(g 6 = W8 « = ( N 0" 6~ Tl
P %01 ‘(876 = r mzmv PO9Y| =2:z€1 k0 1 8G°T nb'p sm.m L= nox@w_mm
p P*19 8/°0 pue p-iq 1g-0 gr=r . . el ’ 1o
LTET “(HZ ‘H) 60°T pue g/-T P6e'E| )66 A L0 wl "1 w oy | gz—cz | -opus)
6°T ‘(K “uf w617 pue 7.7 =1 . ool T o) es = 9% . (11 )
(0°8 ~ STOp ¢z-g - WOR, PIOHL %€ w20 2Pl mbop esew | s-0s | -oPu9) | ao-0r'0 | caoop | @inia)
“Taue- ) 3P 2070 ‘(SH®D v~ z'6 = 4%p
~OT245 UT 2y5 pue uAks- ) 7 ‘ ¥ . .
L PIYE 487 e 3P S8z . _ .
$5°0-59°0 (,He) W 66+0 . + L7 - mnn u g9y | 6-9 Z. ‘opusg
Pue 8G°T ‘( H < gH)wuST'T gi~r . 16 = p
(7°1 = STOp “qeg - wedy pSOH qSCt R 3P 4t wx§9°% | €10 3. ‘opus
“¥3ue- B) 3P 1270 ‘(°H®D ‘ ogZ gl
Lk : . . ¥i=f 0°6 = 9| 06 ~ O®
~o724o ur °HD) $£70-$9°0 P 07 6L % 86" . . r ‘
‘(y4°¢ = suer]yp ‘4°g = Ewwh Yi=1 +0= i 0 c.NvlwwaM w.mE \.N..w: 15-82 z oo
L4 - . . @ Q o - s B = r
uhs-H) 3P 2L°0 ‘(;H) L6°0 p %.“ w0 &1 %% 86'0 1°p 98°1 nb'p g9°4 | ze—qg q ‘oxa wmmwm @Qia)
(r3ue- _g) ze°1 ‘(uds Vo= .mw,— )
M) il T “(gH ¢ H) uw /g° L S5
gH) st gH ‘{H) & /g'g 8L'S o.mmw st s 88-3€ opud
(UAs- H)D"1q Aw.m .uAewm_; 68'1=r ,:omw”“ > 19°2 (©)
_ B - TIUE — s 1q m.N," i . _ fa_gmt
-gH) 9271 *(GH .w :w wgg g 3589 ‘bsL'l p-190°7 46 ~ 98p 89789 ¥ VEOTRE0 | 8708 Gy
Am_.—m..oeoﬁuhu ut NEUV . m.«)M\ o P2 wzg*% 8—9 7 ¢opua
5°0-000 *(rawe- ) w0g's pogH 48 & P X
#2871 ;:%m..c_,: o'~ Lw oq nbep : .
S9°T “(H ‘(W) w 982 w g'g s : o 9°z = Mg 6Ly | 210 3 ‘opus
e [ 1H) ! P¥SY + €} 2 qe
o122 ut Zyy) (CHo it m.NMu n\ S
- T ®HD) (£°0-0L°0 . , . “I4 3p 0g:7T WG - 7 ‘oxa
(56 ~ O3 ‘uks-_H) w /g'g Psg's| weg' _860F 9°T = wnn 9-g = QB Fe~6e
P°3q 6870 ‘(TIuE-_H) ¢'y=t e ..ur , e nb-p ()
w51 “(gH “{H) w Bz wg'y P29y L agh va.m e 0°6 .N%.mm o S LR iy
pue x:S.°T ‘(. H %wﬂwwam”ﬂ Vgt Si~r P Ados'p
Y S A%.m ! %MMN 3 08'S “p ¢g'j e . ‘.l.u.oun— . wmmc 6¢—7% opus
ok L £ cy~r re=2| Lty Testr
S-gH) WT6°0,‘(TIue= H) Vgs P 99'} "ptaq 2P ds:p o8
Wz T (gH ‘{H) W Bz ) ‘peL' 16'0 £5°¢ 79°% | 8L-GL oxs| LE'0-1€0 | 98-8 (eriD)
suojoxd = € . .
joxd Teyjo HO=0H HD pH .um »H pm H fcmwwmww IOWOST : . (€ punod
= = A =DT1 QVAEEV WO,
Z fudd <o <€ uor3jrsod ' -mod
. (= 9 $f1pgn) wnizoeds ¥ud —wos oﬁwame Do dd
sauaTokokTod 03 (o + el) Sausdoadorod) JO UOTITPPROTOAD-[Z + [] JO sionppy yo serjasdoig -z gIavl’

1458



€9+g-7°8 = STOr yitu s1a7dral jo 181dia] pouapeoiq v S POISVJTURM ST SIBWOST [fe Ul SyPny-01040 ur uojoxd suryjlew ay3 jo Teuldrs ayrii

*suojoxd xeyjo ayy o steudrs syl Aq paddeyiasao st uojoxd Burpuodsexriod 9y} JO TRUSTS SULs

-suojoad xayjo oyl jo syeudrs syl Aq paddeyasaso Afreriyaed ST 3T $8sEO JSow Ut Ing ‘zH G'G-7'g = SUBRIL

-auexey sjuenis ‘uwrl gor-on ‘71 198 BOIT IS
wg0'e
poTITiuept Jou | pue |
axem syeudrs Bururewsl 9YL 91’9 g~%, @Ax)
ugg'y} ¢G-ve | Z+d -o%®
(SHED-0194° UT ?HD) €470-8S°0 |
¢ (zewosT-g oYyl uT HT) Eo\,.w
pue zg°0 ‘(Fowost-Z 9yl ur . .He wgye ) - o . qe
w 9970 pue 95°0 (ToW0St 3 pue vi=I . RIS T el seoz z
oy ur H ‘;H) S'I4 66°T Pu® 80°7 £9'C pSYl| 4LLY g'o-6'w| 3P 06T mogh) e
¢ (3afiost-7 oy m:.ﬁ &: w%ﬂm.vww gy e L7 =9ap Ve qey QAIX)
%07 pue 11°% HT) w v ue = . o “c= nb- ) R . A
£7°7 ‘(4H ‘eH) N_ 122 PUe [9°T ma.m p 8S'H Wl g'0-ca] 3P L9} P 9g'y 6y—9y # L2'0-12'0 -oxo
{AIX-opus ut B0t
AIX- ue = s e u 88" -8
jo suojoxd sy3 jo sreudrs aya mm.c prp IV L8 N:wM\ -6 z
£q pedderasac axe suojoxd Isyjo Iy w g ) 6'1="% 1g=aef @A)
yo steusys owd (o H) z€°1-5¢71 pue (L] . we | POV nb°p 98'y| 0z-84 4 -opus
“(gH “;H) u SL7T PuE 9877 At P8S'l| €V
o (Sufo .
-o1242 U %HD) %°0-69°0 wes s _ w 7o 122 L
< . wad . ‘uk pue h=f 66 R .
(7701 = 893y Uks-y H) £L'g p8E| 108 Tygol 3t LY uigy| 9212 z
-1q 06°0 ‘(T3ue-, ;H) u 811 w g 671 = 2 ) 2h=f .
LM ) wre g T weBp pue o B ge=ay B PR DI TG
L 1 . § ‘ ' i . . ~¢ . _ - '
) b g% e wry f(56 = 0 Ep as | povi] e peo| VP S| nbe 9yl bow | i) 0GR | @izl opuo
CH H) (¥57C) W 9°T ‘wBOTE
(S HE p-01042 _mhw.
zH0) 6£°0-9°0 ‘(g 01 = U9°p V=r o o 00 o I'6 = 98¢ .
¢ w T¢°T pue 0€°T ‘278°1 96'c v.c_\._ #2561 Ly . .n w gg 4yl 0% 8¢ V4
ORIt e I A O B et [t R CAS A o s an
-prIq 6£-T PU® 86T “(, H ‘H) 96's pedt| + ot nb*p GGyl 900 ) ge'o 5o qi1x)
-s=1q 022 ‘( H .:‘E w €977
(SHEn-o1oho UT *HD)
W g 0-1°0 ‘(9°6 = WOBp <1om
-0ST-7 8yl Ur uds-, H) @ 1670
¢ (zowosT-Z dY} UIl :xm':mv oeg - %1
235670 NAMHI.NH:V u 0171 . nn qe . qe
71 ¢ i 86° g 9r7 = | 8'8=9% g8 .95
pue 62°1 “( HT pue aﬁw me.m V= ¢ peaq grol 3P 1871 W 6eu| gv—te ’
pue gy°1 “(,H “zH) U ¢ PsEll ) 87 - 54 68 o 9L o)
(ubs-, (H) w927 ‘(gH ZM“ LOE' praq S'0 wlh 1 nbp 4G 4| €909 HOgY'0- 5V'0 | Cel-oe (ax)
‘GH H GH) W 2TTT PUR WY°L P8s

1459



the presence of 0.5 mole % (PhCN),PdCl,. 1In these conditions, as indicated in [8], only the
strained intracyclic double bond is cyclopropanated, yielding exo-coupling of the cyclopro-
pane fragment. According to the data from the PMR spectrum, product (VIb) also contained
four isomers in the same ratio as in the starting (IIIb). However, the HP methine protons
of the minor isomers are clearly manifested in the region of § 2.62 and 2.85 ppm as a doublet
of triplets with Jpo = 2.7 Hz, due to the magnetic anisotropy of the cyclopropane ring, and
this clearly indicates the anti configuration of the vinyl.group

HC
H bH HC Me
@7 iy S
=
3 A
ya Me [dl Me HP a R4
(I11b) E-i and Z-exo anti-(VIb) E- and Z-endo,anti-(VIb)

The ratio of isomers (IIIb) or (VIb), which is ~4:1 for exo:endo and ~1.8:1 for E:Z, was
also determined based on the integral intensities of the signals of the corresponding pro-
tons.

In going from NBD to the other polycyclic hydrocarbons which contain a bicyclo[2.2.1]
heptene fragment, a decrease is observed in the yields of the products of cross-cycloaddi-
tion and the selectivity of the reaction. The reaction of cyclopropene (Ib) with a four-
fold molar excess of MNB, TCD, or PCT in the presence of 2-3 mole % (Ph0),P-CuCl yields
a mixture of hydrocarbons containing both the products of [2 + 2] and the products of {1 +
2] cycloaddition, even at —20°C. Their yields decrease significantly with an increase in
the molecular weight of the starting polycyclenes with a simultaneous increase in the degree
of dimerization of (Ib) into (IVb) and (Vb).

He ,
' +(Ip)Lat .
CHrchas ¢ Hb e “Me
- Mé MNB -20° M H

He
‘ (vnb) ,36"6 (vinb), 30%
+ (IVb), 15% (Vb),15%

ub nd
(Ib), cat '
+ Ivb) + (Vb
T o na e +(:-m% ') 1 ﬂ'( !
. H 2%
ﬁq (Xb), 16%
\ 2.
TCD .
(Ia),rn,p-coa
CH,Cl,,
0-2¢° -
| oy
/ +(h — + W +
-20 b Me
PCT
(xxb! 6% {X1Ib) , 3%

+ (ivh + (vb)
42% 25%

It should be noted that the use of Ph,P-CuCl as the catalyst, by analogy with [3],
results in the more selective occurrence of the reaction, which is virtually not accompanied
by opening of the three-carbon ring. For example, the reaction of TCD with (Ia) in the
presence of 3 mole % Ph,P:CuCl exclusively yields products of [2+ 2]}-cycloaddition of (IVa)
and (IXa), Cat = (PhO),P.CuCl, and an olefin: (I) ratio of ~4:l.

The products of cross-cycloaddition formed were initiallv separated from the starting
substrates by vacuum distillation, and the adductsof [1+ 2]- and [2 + 2]-cycloaddition, which
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are distinguished by the number of double bonds, were separated by preparative TLC, as in
the case of the corresponding adducts (II).and (III). The structure and isomeric composi-
tion of the isolated structural isomers were established with the PMR spectrum in considera-
tion of the multiplicity and multiplet character of the corresponding signals. By analogy
with [2 + 2]-cycloadducts (IT) [3], the presence of a narrow multiplet of HP protons and two
singlets of protons from the CH, group in (IXb) and (XIb) at § 0.55 and 1.2 ppm indicates the
formation of exo-[2 + 2]-cycloadducts in the form of a mixture of syn and anti isomers (ratio
of 1:1). The products of vinylcyclopropanation of (Xb) and (XIIb), which are structurally
isomeric to them, are a mixture of two E- and Z-isomers according to the character of the
HP and HC signals, in contrast to (IIIb) (ratio of ~1.5:1), with a pronounced exo,anti
orientation of the vinylcyclopropane fragment (Table 2). In the case of MNB containing a
mixture of endo- and exc-isomers (~3.5:1), each of the hydrocarbons formed from syn- and
anti-(VIIb) and E- and Z-(VIIIb) is again a mixture of two isomers according to the PMR
spectra, caused by the isomerism of the CH; group in the norbornane fragment.

Addition of cyclopropenes to the norbornene double bond of polycyclenes (MNB, TCD, PCT)
thus takes place with elevated stereoselectivity and results in obtaining the corresponding
exo,trans isomers in the case of the adducts of [2+ 2]- cycloaddition and exo,anti-isomers in
the case of adducts of [2 + 2]-cycloaddition. The partial formation of endo-isomeric products
of vinylcyclopropanation of (III) is apparently only characteristic of NBD and is in agree-
ment with its analogous behavior in some other reactions with unsaturated compounds [9].

e d )
Ho H o ud 4P Hﬁ
Cat. MU L2 A —)&
+ (b)) ——s A + -
o (e g
-20 <) H §‘*lb Me = " je ’

endo-(XITIb), 37% endo-ixivB,25%

+ (vh) + (vp)
Me pa “H ¢ 5% 16%
endo~-{Xvb. "™

Cat
J +Ub ——
CH ._.\Al2 N

exo-DCPD -2
o exo~ (XIitbh, 3t exo= (XIVD), 18%
Q}:dﬂaﬂg Y
“{FJ\M// + (Wb o+ (\’p»
ib 13% 20%
exo-(XVb .,6%

We studied the catalytic reaction of (Ib) with DCPD to determine the regioselectivity
and character of addition of cyclopropenes to polycyclenes with different double bonds in
the molecule. Together with cyclodimer (IVb) and triene (Vb), isomeric pentacyclo[5.5.1.02:8,
03:5.0%:12}-9-tridecenes (XIIIb) are formed with both exo- and endo-DCPD in the
presence of 1-1.5 mole Z (PhO),P:CuCl at —20°C with a yield of 37%, and 9-vinyltetracyclo-
[5.3.1.02:%.0%:1%]-3-undecenes (XIVb) and 4-vinyltetracyclo[6.2.1.0257.0%55]-9-undecenes
(XIb) are formed with a total yield of 23-35Z.

Cat = (PLO);P-Cull.

The products of [2+2]- and [1+2]-cycloaddition were separated from triene (Vb) after
vacuum distillation of the excess of DCPD and (IVb), separated by column chromatography
(silica gel, eluent: hexane), and identified with the PMR spectra (250 and 500 MHz). As
should have been expected, the PMR spectra of the cycloadducts of endo-(XIIIb) and exo-
(XIIIb) are characterized by two sets of signals corresponding to the syn and anti-isomers
(v1:1), primarily indicated by'the two singlet signals of protons from the CH, group in the
region of § 0.54 and 1.2 ppm. In addition, the appearance of signals of olefin protons at
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§ 5.6 ppm and their multiplet character, as well as the absence of signals at § 6.1 ppm,
clearly indicate the formation of [2 + 2]-cycloadducts exclusively at the norbornene multiple
bond in DCPD. On the contrary, both double bonds of the starting dienes.participate in the
formation of [1 + 2]-cycloadducts, which also follows from the examination of the PMR spectra
of the products of vinylecyclopropanation, for example, endo-(XIVb) and (XVb). Actually, the
character of the signals of the olefin proton H2 and the protons of the CH, group of the 2-
cyclopropylpropenyl fragment indicate the formation of four isomers, and each pair is deter-
mined by the E- and Z-isomerism of the 2-cyclopropylpropenyl fragment (E:Z ~ 1.8:1). Infor-
mation on the other pair of isomers was obtained based on the chemical shifts and multiplet
character of the weak-field signals at 6 5.55-5.71 ppm characteristic of two honequivalent
olefin protons of the cyclopentene ring, and at § 6.14-6.21 ppm, corresponding to the olefin
protons of the norbornene fragment. The ratio of the integral intensities of these groups
of signals, particularly for endo-(XIVb) and (XVb), is equal to ~2.5:1. Based on the ratio
of the integral intensities obtained, the signals in the region of § 4.56 and 4.61 ppm,
which are in the form of a doublet of quintets with SSCC of Jz = 9.2 Hz, correspond to the
H2 proton in E- and Z-endo-(XIVb), and the signals gt § 4.86 and 4.88 ppm with Jzp = 8.1 Hz
correspond to the H& proton in E- and Z-(XVb). Determination of the SSCC J,}, permitted
establishing the position of the HP protons, manifested in the PMR spectrum in the form of
a doublet of triplets, and determining the SSCC Jp., equal to ~2.7 Hz. This value of the
SSCC, characteristic of trans protons in the cyclopropane fragment, indicates the anti ori-
entation of the 2-cyclopropylpropenyl substituent in (XIVb) and basically also in (XVb).

The reaction of cyclopropene (Ib) with DCPD thus takes place like exo-[2+ 2]-cycloaddi-
tion exclusively at. the strained double bond and as [1+ 2]-cycloaddition at each of the double
bonds, but also primarily at the strained double bond of the norbornene fragment.

The features of the reaction of cyclopropenes with different double bonds are even
more graphically manifested in the competitive reaction of (Ib) with an excess of an equi-
molar mixture of NBD and cyclopentadiene (CPD) conducted at —20°C in the presence of (PhO),'P
CuCl. The product of [2+ 2]- cycloaddition of (IIb) is formed with NBD, and the product
of [1+ 2Z]-cycloaddition, the corresponding bicyclo[3.1.0}-2-hexene [2] (ratio of ~4.3:1) is
exclusively formed with CPD. '

The results obtained show that the reaction of cyclopropenes with unsaturated compounds
apparently takes place according to a coordinated mechanism in the coordination sphere of
the metal without preliminary formation of vinylcarbene complexes. This is particularly
confirmed by the different isomeric composition of 3-vinyltricyeclo[3.2.1.0%2s%]-6-octenes
(XVI) formed in the catalytic reaction of NBD with cyclopropene or vinyldiazomethane (VDM).
Both reactions are conducted in the same conditions at 0°C in the presence of ~1 mole 7%
CuCl and only differ with respect to the source of the C,H, fragment; only anti isomer (XVI)
is obtained with cyclopropene, and a mixture (v1.3:1) of anti and syn isomers of (XVI) is
obtained with VDM [10].

EXPERIMENTAL

The GLC analysis was conducted on an LKhM-iMD chromatograph with a flame-ionization
detector and an I-02 integrator (300 x 0.3 cm columns with 5% SE-30, SP-2100, or Carbowax
20M on Chromaton N-AW-DMCS, 0.16-0.20 mm; helium was the carrier gas (30 ml/min). The PMR
spectra were obtained for 5-107 solutions in CDCl, on Bruker WM-250 (250 MHz) and Bruker
WP-500 (500 MHz) instruments; the chemical shifts are reported on the § scale relative to
TMS as the internal standard.

3,3-Dimethyl- (Ia) and 3-methyl-3-cyclopropylcyclopropenes (Ib) were synthesized by
selective monoreduction of the gem dibromocyclopropanes according to [11] and subsequent
dehydrobromination of the corresponding 2-bromo-1,1-dialkylcyclopropanes [12]. 1,3,3-
Trimethylcyclopropene (Ic) was prepared according to [13]. Norbornadiene (NBD) and its
dimer (PCT), 5-methyl-2-norbornene (MNB), dimers of cyclopentadiene (DCPD) and exo,endo-
tetracyclo[6.2.1.1%5%0257]-4~dodecene (TPD) was vacuum distilled before use.

Reaction of Cyclopropenes (Ia-c) with Polycyclic Unsaturated Hydrocarbons. While
stirring, 0.1-0.3 mmole of CuCl or (PhO),P:CuCl (see Table 1 for NBD) was added to a solu-
tion of 10 mmoles of cyclopropene and 40-60 mmoles of unsaturated hydrocarbon in 5-8 ml of
CH,Cl, in an atmosphere of Ar. A slight increase in temperature and the appearance of a
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greenish-brown coloring were observed. After 20-30 min, 10 ml of hexane was added to the
mixture, it was filtered through a thin layer of silica gel, the solvent, the excess un-
saturated hydrocarbon, and some of the dimers of cyclopropenes (IV) and (V) were distilled
off [3]. The products of [1+2]- and [2 + 2]-cycloaddition (structural isomers) were sub-
sequently separated by preparative TLC or column chromatography (silica gel L 40-100 um;
eluent: hexane). The degree of separation of the structural isomers was monitored by GLC.
The concentration of geometric isomers in each pair was estimated with the integral inten-
sities of the corresponding signals in the PMR spectra. The results obtained are reported
in Tables 2 and 3.

_ Thermal Reaction of Cyclopropene (Ib) with NBD. A mixture of 0.28 g (3 mmoles) of (Ib)
and 2.8 g (30 mmoles) of NBD was heated in a sealed ampul for 15 min at 150°C. The subse-
quent vacuum distillation produced 0.5 g of a mixture of 4-methyl-4-cyclopropyl-exo,trans-
tetracyclo[5.2.1.025%,0%>%]-8-decene (IIb), anti-3-(2-cyclopropylpropen-l-yl)-exo- and endo-
tricyclo[3.2.1.0%»*]-6-octene (IIIb), and 3,6-dimethyl-3,6-dicyclopropyltricyclo[3.1.0.0%5%]-
hexane (IVb) (see Table 1), separated and analyzed as described above. According to the data
in the PMR spectrum, the isomeric composition of [1 + 2]-cycloaducts of (IIIb) is identical
to the analogous product obtained in the catalytic reaction of (Ib) and NBD.

Anti-3-(2-cyclopropylpropen-1-y1)-exo,exo- and endo,exo-tetracyclof3.3.1.02%5%.0%>%]nonane
(VIb). Similar to [8], 0.56 g (93%) of (VIb), bp 92-96°C (1 mm), was obtained after vacuum
distillation from 0.55 g (3 mmoles) of [1+ 2]-cycloadducts of (IIIb) in the presence of 10
mg of (PhCN),'PdCl, and diazomethane generated from 1.0 g of N-nitroso-N-methylurea. The
isomeric composition was established based on the PMR spectrum (See Table 2).

We would like to thank U. M. Dzhemilev for providing the samples of norbornadiene and
its dimer, exo,trans,exo-pentacyclof8.2.1.1%:7.0%2,%,0%,8]-5,11-tetradecadiene.

CONCLUSIONS

1. The reaction of 3,3-disubstituted cyclopropene hydrocarbons with norbornadiene in the
presence of 1-3 mole % CuCl or (PhO),P:CuCl at 0-40°C takes place according to the scheme
of both [2+2)-and [1 + 2]~ cycloaddition with the formation of the corresponding exo,trans-
‘tetracyclo[5.2.1.0%5%.0%55]-8-decenes and 3-vinykltricyclo[3.2.1.0%s*]-6-octeneswith a total
yield of 70-90%, and the yield of the latter increased with an increase in the temperature
in going from (PhO);P-CuCl to CuCl.

2. The reaction of 3-methyl-3-cyclopropylcyclopropene with more complex polycyclic
hydrocarbons containing a bicyclo[2.2.1]heptene fragment takes place less efficiently and
less selectively than with norbornene, and yields a mixture of products of [1+2]- and [2+2]-
cycloaddition with a yield of 30-657 and significant dimerization of the starting cyclo-
propene in the presence of (PhO),P-CuCl even at —20°C.
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