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Summary - w-Phenylalkyl-N-methylcarbamyl radicals undergo intermolecular
addition to 3,3~dimethylbut~l-ene in preference to intramolecular hydrogen
abstraction. Methyl N-(uw-phenylalkyl) carbamyl radicals and methyl
N-pentylcarbamyl radicals readily abstract hydrogen through a six membered
transition state or a seven membered transition state if the hydrogen is
benzylic. The selectivities are interpreted in terms of the electro-
philicity of the radical and the sterec-electronic requirements of hydrogen
abstraction reactions.

The structure and reactivity of amidyl radicals (la) have been studied extensive1y1'2’3'“,

however, their congeners, carbamyl radicals (lb) have received little attention.

X-CO-N-R (a) X = alkyl, R = H or alkyl
(1) (b) X = RO, R = H or alkyl
(¢c) X=Et0, R=H
(d) X=R=H

No studies of the trends in hydrogen abstraction by either intramolecular or intermolecular
processes have been made and only a limited number of intermolecular additions to olefins have
been reportedz’s. The rates of bimolecular decay for several carbamyl radicals have also been
determined6. In the same e.s.r. study, Ingold and co-workers have indicated that carbamyl
radicals, like amidyl radicals, have a T~ground state in which an N-alkyl substituent eclipses
the carbonyl oxygen.

To elaborate further upon the similarities and differences between these closely related
species, we have studied the intramolecular hydrogen abstraction reactions of a series of

carbamyl radicals.
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RESULTS
Intr ecular h n abstraction from the 0O-alk ide-chain.

A geries of w-phenylalkyl-N-methylcarbamates (2a-c) were prepared by reacting the
corresponding alcohol with methylisocyanate. Attempts to convert (28) to its N-iodo derivative
(2g) with preformed t-butyl hypoiodite7 or mercuric oxide and iodine8 were unsuccessful.
However, all three carbamates were readily transformed into their N-bromo derivatives (2d-f)

with preformed t-butylhypobromite in benzeneg.

ROC(0)N(CH,)X Roc(o)ﬁcn3
(2) (3)

(a) Ph(CH,), , X =18 (a) R = PhiCH,),
(b) ph(cn2)3_, X=H (b) R = ph(cuz)3_
(¢) Pn(cB), , X=H (c) R = Ph(cCH,),
(d) Ph(CBz)z_, X = Br

(e) Ph(CH2)3_. X = Br

(£) Ph(CBz)A_, X = Br

(g) Ph(CHz)z_, X =1

t
phcunr(cuz)noc(o)nucu3 PhCHz(CHZ)nOC(O)N(CB3)CHZCHBrBu
(4) (s)
(a) n=1 (a) n=1
(b) n=2 (b) ne=2
(c) n=3 (c) n=3
cn3oc(o)NXR cu3oc(o)ﬁn
(6) (7
(a) R = (cn2)3Ph. X=H (a) R = (CH,),Ph
(b) R = -(caz)aph. X=8 (b) R = (CBZ)APh
(c) R = -(Cﬂz)sPh, X=H (c) R = (CH,)sPh
(d) R = —(caz)bcu3, X=H (d) R = (cuz),.cu3
(e) R = (CH2)3Ph' X = Br
(£) R = (Cﬂz)aPh, X = Br
(g) R = (CHZ)SPh, X = Br
(h) R = (cu“)cn3, X = Br
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cn3oc(o)nu(cn2)ncnnrn R: N——C0,CH,
(8) (9)
(a) n=2, R=Ph (a) R = Ph
(b) n=3 R =Ph (b) R = CH,
(c) n=24, R=Ph () R = PhCH,
(d) n =3, R-=CH
Ph
N
|
C0,CH,
(10)

Upon photolysis of 2-phenylethyl-N-bromo-N-methylcarbamate (2d) in benzene with a medium
pressure ultraviolet lamp, starting material was rapidly consumed and after 0.5h, an aliquot
revealed no positive bromine by iodometry. Removal of solvent gave a nearly quantitative yield
of 2-bromo-2-phenylethyl-N-methylcarbamate (4a) (Table 1), N-bromocarbamates (2e) and (2f)
similarly ga;; the benzylic brominated products (4b) and (4c) respectively (Table 1). Benzylic
bromination could arise by intramolecular hydrogen abstraction by the carbamyl radical (Scheme
1) or intermolecular hydrogen abstraction by bromine atoms (Schemes 2 and 3). To distinguish
between these two pathways, the photolyses were repeated in the presence of
3,3~dimethylbut-l-ene which is a good bromine atom scavenger and thereby inhibits bromine chain
processeslo. The products were mainly the parent carbamates (2a-c) and w-phenylalkyl
N-(2-bromo-3,3-dimethylbutyl)- N-methylcarbamates (Sa-c) which were isolated by preparative
t.l.c. (Table 1). High field (500 MHz) 13¢ and 'H n.m.r. spectral analysis of the adducts
establi.shed11 that they were formed by regiospecific addition of carbamyl radicals (3a~c) to the
least hindered position of 3,3-dimethylbut-l-eune.

In addition, low but similar yields of benzylic bromides (4a-c) were obtained (Table 1).
Formation of these could be due to hydrogen abstraction by nitrogen (according to Scheme 1) or
inefficient trapping of bromine atoms by 3,3-dimethylbut~l-ene resulting in some bromine chain
halogenation (Schemes 2 and 3)., Since intramolecular hydrogen abstraction via a highly
disfavoured eight membered cyclic transition structure was deemed unlikely in formation of (4c)
from (3c), we favour the latter process. Furthermore, increasing the ratio of
3,3-dimethylbut-l~ene to (2f) from 0,5 to 10 rapidly reduced the extent of benzylic bromination
but failed to eliminate it altogether. The similarity in yields of benzylic brominated products
(4a-c) from (2d-f) suggests that the more favourable seven and six membered cyclic transition
structures for intramolecular hydrogen abstraction by (3a) and (3b) do not play a significant

role and that bromides (4a) and (4b) are likewise formed by bromine atom chain reactions.
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Table 1: Products form irradiation of N-bromocarbamates for 0,5h in
benzene
Substrate TBE/ benzyli adduct? carbamate®
equivalent bromide
2(d) 0 4a (98) nd
2(e) 0 4b (97) nd
2(f) 0 4c (85) nd
2(d) 10 4a (6) Sa (44) 2a (26)
2(e) 10 4b (9) 5b (28) 2b (33)
2(f) 10 4c (10) 5S¢ (34) 2c (37)
2(f) 0,5 4¢c (60) nd nd
1,0 (56) nd nd
2,0 (42) nd nd
5,0 (31) nd nd
10,0 (10) nd nd
6(e) 0 8a (85) - nd
6(f) 0 8b (98) - nd
6(g) 0 8c (88) - nd
6(e) 10 8a (9) nd 6a (76)
6(f) 12 8b (93) nd nd
6(g) 12 8c (>61) nd nd
ad not determined
a isolated yield
b by analytical h.p.l.c.
Scheme 1
hv " B
PhChz(caz)noc(o)ynrcu3 > Phg:uz(cuz)noc(o)ﬂcu3 + Br
Phguz(caz) noc(o)ucu3 . PhCH(CH, ) OC(O)NHCH,
PhCH(CHz)nOC(O)NHCH3 + Br ——> PhCH(Br)(CH,) OC(O)NHCH,
or
PhCH(CHz)nOC(O)NBCHa PhCH(Br)(CH,) OC(0)NHCH,

+ _ +

I’hCllz(CK2 )nOC(O)N(Br)CH3 PhC112(Cllz)nOC(O)NCHEx
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Scheme 2
hv. N B
l.mcuz(cu,l)noc(o)marcu3 > Ph(.:Hz(CBZ)nOC(O)NCHs + Br
Br + phcaz(cuz)noc(o)u(nr)cu3——> Phcn(cn.‘,)noc(o)u(ls:)cn3 + HBr
PhCH(CH2)nOC(0)N(Br)CB3 PhCHBt(CEZ)nOC(O)N(Br)CH3
+ 4 +
Phcaz(cnz)noc(o)t.{(m-)cu3 Phcuz(cuz)noc(o)ucu3 .
PhCHz(CHZ)nOC(O)NCH3 + HBr ——> PhCHz(Cllz)nOC(O)NHCH3 + Br
Scheme 3
hy_ N B
ghcnz(cuz)noc(o)nsrcn3 > pm.:u,‘,(cuz)noc(o)ncu3 + Br

Br + 1>hcuz(cu.l)noc(o)u(m-)cu3 _ phcu(cnz)uoc(o)u(xs:)cu3 + HBr
HBr + Pthz(Cuz)nOC(O)N(Br)CH3—> PhCHZ(CBz)nOC(O)NHCH3 + Br
1>hcu(cuz)noc(o)u(nr)cu3 + Br

2

, — PhCB(Bt)(CHz)nOC(O)N(Br)CB3 + Br

Intramglecular hydrogen abstraction from N-alk side chain

A series of methyl N-(w~phenylalkyl)carbamates (6a-c), as well as methyl-N-pentylcarbamate
(6d), were synthesised and converted to their N-bromo derivatives (6e-h).

Irradiation of (6e-g) in benzene for 0,5h gave nearly complete couversion to the
corresponding benzylic bromides (8a~c) (Table 1). (8b) was unstable and rearranged
quantitatively to N-carbomethoxy-2-phenylpyrrolidine (9a) with loss of hydrogen bromide. Methyl
N-(4-bromo-4~phenylbutyl)carbamate (Bc) underwent a slower cyclisation upon standing to
N-carbomethyoxy-2-phenylpiperidine (10)., The cyclisation was also effected by treatment of (8¢)
with silver perchlorate. Treatment of benzylic bromide (8a) with silver perchlorate did not
give the corresponding azetidine. These results reflect the relative ease of four, five and six
membered ring formation.

Irradiation of methyl-N-bromo-N-{3-phenylpropyl)carbamate (6e) in the presence of
3,3~dimethylbut-l-ene gave mainly parent carbamate (6a) and some residual benzylic bromination
(8a) (Table 1). 1In the presence of 3,3-dimethylbut~l-ene, N-bromo-N-(4-~phenylbutyl)carbamate
(6f) gave upon irradiation an excellent comversion to the benzylic bromide (8b) which rearranged
to pyrrolidine (9a) (Table 1). Since the presence of olefin during photolysis of (2d-f) and
(6e) resulted in the elimination of most bromine atom mediated benzylic hydrogen abstraction,
the formation of (8b) from (6f) is ascribed to intramolecular hydrogen abstraction by carbamyl
radical (7b) according to Scheme 4 (n = 3). Such a process would involve benzylic hydrogen

abstraction via a six membered cyclic transition state.
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When methyl N~browo-N-(5-phenylpentyl)carbamate (6g) was irradiated in the presence of
3,3~dimethylbut~l-ene, an unstable mixture was obtained which, upon treatment with silver
perchlorate in benzene, gave the piperidine (10, 61%) and parent carbamate {6c, 39%). The
formation of (10) implies the presence of benzylic bromide (8¢c) with a yield of » 61% in the
crude reaction mixture from the photolyeis experiment, Furthermore, since no
N-carbomethoxy-2~(benzyl)pyrrolidine (9c) was obtained, hydrogen sbstraction via a six membered
cyclic transition state by the carbamyl radical from the unactivated 3-position on the N-alkyl
side chain did not take place., Clearly intramolecular benzylic hydrogen sbstraction via a seven

membered cyclic transition state (Scheme 4, n = 4) occurs at a much faster rate.

Scheme &
ca3oc(o)t¢(nr)(cuz)ncnzph cu3oc(o)x(c32)ncugph + Br
cn3oc(0)x(c32)nc§2ph . cn3oc(o)sn(cnz)ncnyh
CH3OC(O)NH(CHZ)nCKPh + Br cusoc(o)m(cxz)ncnarrh
or
cu3oc(o)uu(c112)ncnph cn3oc(o)m(cu2)ncntnr)9h
+ +

cx3oc(o)s(sr)(<:ﬁ)2cn2ph cx3oc(o)n(cnz) ACH,Ph

Irradiation of methyl-N-bromo~N-pentylcarbamate (6h) in the presence of bromine scavenger
resulted in quantitative conversion to methyl N-(4~bromopentyl)carbamate (8d) which was stable
at room temperature but rearranged upon heating to N-carbomethoxy-2-methylpyrrolidine (9b). In
the sbsence of an activating phenyl substituent, hydrogen abstraction via a six membered cyclic
trangsition state {Scheme 4, n = 3, Ph = CH3) predominates over abstraction from the terminal

position.

DISCUSSION

The relative yields of 1,2-olefin addition products from the reactions of N-chloroamides and
N-chlorocarbamates with simple olefins suggest that carbamyl radicals (1b) are more
electrophilic than amidyls (la).12 MNDO calculations (half electron method) predict the SOMO of
ethyl carbamyl radical (lc, X = Et0, R = H) to be lower in energy (-7, 136 eV) than that for
formamidyl radical (1d, X = R = B) {~6, 92 eV} and the former should be more electrophilic.13
Although amidyl radicals abstract hydrogen preferentially from the N-alkyl rather than the

14,15 y-hydrogen abstraction from the acyl side~chain occurs readily when a

7,14,15,16,17

N-acyl side-chain,
suitable hydrogen is not available on the N-alkyl side-chain and particularly when

14,15

there is a g-butyl substituent on nitrogen or rigidity in the ayatem.ls This contrasts

markedly with carbamyl radicals in which there is no competitive intramolecular hydrogen
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abstraction from the O-alkyl side-chain despite ite greater electrophilicity. Since
intramolecular hydrogen abstraction from the N-alkyl side-chain competes favourably with
addition to 3,3-dimethylbut-l-ene, B-hydrogen abstraction from the 0O-alkyl side-chain in
carbamyl radicals must be very much slower than abstraction from the N-alkyl side-chain.
Furthermore, although abstraction via an eight-membered cyclic tramsitionm structure is highly
unfavournble,19 benzylic hydrogen abstraction via seven and six-membered transition structures,
which occur readily on the N-alkyl side-chain, are also disfavoured when abstraction is from the
O-alkyl side-chain.

An MNDO calculation on ethylcarbamyl radical (lc) predicts a planar conformation with ethyl
trans to the carbamyl oxygen and the odd electron in a 2pz orbital on nitrogen (coefficient
0.898) in concurrence with e.s.r, data6 (Figure la). m-bond orders for the N-C, C=0 and C-OEt
bonds were 0,43, 0,79 and 0,37 respectively.

As a consequence, impaired rotation about the 0-CO bond should reduce the flexibility in the
acyl side chain relative to amidyls and should facilitate B-hydrogen abstraction.18 However,
for hydrogen transfer reactions, optimum orbital overlap requires colinearity between the
semi-occupied orbital and the relevant CH bond. While this is possible for abstraction from the

14,15 and carbamyls (Figure 1lb), for B-hydrogen abstraction to

N-alkyl side-chain in both amidyls
occur from the O-alkyl side-chain, of carbamyls such colinearity would require complete loss of
the n-overlap between oxygen and the carbonyl (Figure lc).

This argument presupposes that the radical exists in a 2pz orbital on nitrogen which is not
twisted significantly about the N-CO bond. The results suggest that the EA for hydrogen
abstraction processes involving rotation of either O-alkyl substituent about the 0-CO bond or
the N2pz orbital about the N-CO bond are greater than EA for intramolecular addition of
olefins. Since there would be no significant sterecelectronic barrier to hydrogen abstraction
by the I-state of carbamyl (Figure 1d) the reorganisation of electrons to this configuration
must also require greater energy than the EA for the intramolecular addition. These
stereoelectronic requirements would to a lesser extent, impede hydrogen abstraction via a
seven-membered transition structure which, in addition, would be disfavoured by the loss of one
more rotational degree of freedom.

Hydrogen abstraction from the N-alkyl side-chain via a six-membered cyclic transition state,
occurs readily in both (7b) and (7d). In both radicals there are no barriers to attaining
maximum orbital overlap via a six-membered transition structure. However, since no hydrogen
abstraction via a six-membered cyclic transition state occurs in carbamyl (7¢), phenyl
substitution at the site of abstraction is a major stabilieing factor in the transition state
for abstraction. Enthalpic factors predominate over entropic factors resulting in a
seven-membered cyclic structure. Phenyl could stabilize developing radical character in a late
transition state of an endothermic process or a developing positive charge due to polar
separation in an early transition state of an exothermic processlg. A polar effect in hydrogen
abstraction reactions of amidyls has been reported20 and since carbamyl radicals are probably
more electrophilic than amidyls, as well as the facility with which hydrogen abstraction takes

place, we favour an exothermic hydrogen abstraction with a polar transition state structure,
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The stereoelectronic requirements for abstraction, namely co-linearity between the
semi-occupied orbital and the C-H O-bond cannot be accommodated in a five-membered transition

structure and the enthalpic stabilisation by the 3-phenyl substituent in (7a) is unimportant.

He M HY 0
] _
HE, 1 A ),
a5\ iy
0 H \
H
(c) (d)

Figure 1. (a) MNDO optimised geometry for (lc); (b) stereoelectronic requirements for
hydrogen abstraction from N-alkyl side-chain by =-state carbamyl radicals;
(c) stereocelectronic requirements for hydrogen abstraction from the alkoxy side-
chain by n-state carbamyl radicals; (d) stereoelectronic requirements for hydrogen
abstraction from the alkoxy side-chain by I-state carbamyl radicals.
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EXPERIMERTAL

M.p.'s. were determined on a Kofler hot stage and are uncorrected. I.r. spectra were
recorded with a Perkin Elmer 297 spectrometer. H n.m.r. spectra were recorded on a Perkin
Elmer R12A n.m.r. spectrometer with tetramethylsilane as internal standard. MNDO calculatiggs
were carried out on a Burroughs 6800 computer by use of the QCPE version of MNDO by W Thiel®".

The syathesis of1N~methy1carbamates (2a-c) and their N~bromo adducts (2d-f) have been
described elsewhere °,

M N-(3- amate (6

Freshly distilled 4~phenylbutyroyl chloride (50 mmol) in acetome (37,5 ml) was added
dropwise to a well stirred solution of sodium azide (154 mmol) in water (37,5 ml) maintained at
10-15°, After lh, the organic layer was aepgiated and dried over Na 80, to give
4-phenylbutyroyl azide; v (CEC1,) 2145 cm . The azide in benzené was ref luxed until
evolution of nitrogen ceaBtl. Conéentration gave 3-phenylpropyl isocyanate; v (CBCI3) 2275
cm . The isocyanate in excess methanol was refluzed for 12h., The mixture waB?Toncentrated
under reduced pressure to give methyl N-(3-phenylpropyl) carbamate (6a) as an oil, b.p.
170-1730/2 mm; &(CDC1.) 1,78 (2H,p), 2,65 (28H,t) 3,15 Siﬂ, d of t), 3,65 (3H,8), 5,05 (1H, br),
7,20 (5H,8); Vv (cn81 ) 3460, 2950, 1720 and 1510 cm ~. (Found: C, 68,0; B, 7,8; N, 7,3%,
011“15“02 requT%gs: c, 38,6; H, 7,8 and N, 7,32).

hyl N-(4-phenylbu arbamate (6b) was prepared similarly as am oil, b.p. 154~155°/1,5 om;
&cocl,) 1,25-1,80 (4H,m), 2,6 (2H,t), 3,15 (2H, d gf t), 3,60 (3H4,s), 4,75 (iH,br), 7,2
(5H,87; ¥ max (CHC1,) 3460, 2950, 1720 and 1510 cm . (Found: C, 69,6; H, 8,1; N, 6,6%.
012H17N02 requires: C, 69,5; H, 8,3; N, 6,82).

Methy]l N-(5-phenylpen 6¢c

A solution of 6-phenylhexamide (81 mmol) in methanol dioxane mixture was added dropwise to
methylhypobromite prepared by the dropwise addition of bromine to sodium methoxide in methanol
at =45, The reaction mixture was warmed to 60 for 0,25h then cooled, acidified with acetic
acid and concentrated under reduced pressure., The residue was added to water which was
extracted with ether, Ethereal extracts were washed successively with water, saturated sodium
chloride solutions and dried over Na 804. Concentration under reduced pressure gave methyl
N-(5-phenylpentyl) caxbamate (6¢) (40 miol) as an oil, b.p. 165-167°/7 am; 5 (CDC1,) 1,13-1,85
(6H,m), 2,60 (28,t), 3,]5 (2H, d of t) 3,68 (34,s), 4,7 (1H,br), 7,21 (5H,8); v (CHC1,) 3475,
2950, 1720 and 1520 cm ~. (Found: C, 70,4; H, 8,6; N, 6,3%, C..H .NO require??xc, 70,5; B,
8,7; N, 6,3%). 13719772

Methyl N-pentylcarbamate (6d) was prepared similarly as an oil, b.p. 127-130°/9 mm; 6 (CDC1,) 0,9
(34,t), 1,1-1,7 £?E.m), 3,13 (2H, d of t), 3,63 (34,s), 5,19 (1HK,br); ¥ nax (CHC1.,) 3450, 2350,
1720 and 1510 cm °, (Found: C, 57,7; H, 10,3; N, 9,62, C7E15N02 requires: C, 5;,9; H, 10,4; N,
9,62).

Carbamates (6a-d) were couverted to their N-bromo forms (6e-h) with t-butylhypobromite by a
previously reported method °.

hyl N-bromo-N-(3-phenyl 1l)carbamate (6e) was an oil;jﬁ(CDCls) 1,95 (24,p), 2,60 (2H,t),
3,55 (24,t), 3,65 (3H,8), 7,15 (5H,8); v (CHC1,) 1700 cm . (Fdund: Br, 27,012, C,.H ,BrNO
. max 3 11714 2
requires: Br, 29,41%).

Methyl N-bromo-N-(4-phenylbytyl)carbamate (6f) was an oil; 6(00013)_1,40-1,80 (44,m), 2,6
(28,t), 3,55 (28,t), 3,70 (3H,s), 7,18 (5H,s); Vo (08013) 1700 ¢m . (Found: Br, 26,52X.
€, ,H,4BrNO, requires Br, 27.97%). x

931
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Methyl N-bromo-N-(5-phenylpentyl)carbamate (6g) was an oil;j&(CDC13) 1,3-2,0 (6H,m), 2,6 (2H,t),
3,55 (28,t), 3,68 (3H,s), 7,15 (5H,s); Y nax (CHC1,) 1700 cm . (Found: Br, 25,29%. C,.H. _BrNO

requires: Br, 26,67%). 13718 2

Methyl N-bromo-N-pentylcarbapate $6h2 was_gn oil; 8(c¢pcl,) 0,9 (3H,t), 1,1-1,75 (6H,m), 3,58
(2m,t), 3,75 (3H,8); v (CHCls) 1690 cm . (Found: Br; 34,59%, C,H,,BrNO, requires: Br,
35,71%), max

Photolysis N-bromocarbamates (no olefin present

A solution of the N-bromocarbamate (0.2 mmol) in dry benzene (15 ml) was irradiated at room
temperature with a medium pressure mercury lsmp through pyrex (>300 nm) until aliquots no longer
liberated 1Br upon treatment with aqueous potassium iodide-acetic acid solution. The reaction
mixture was concentrated and separated on silica gel by preparative h.p.l.c.. The relatively
labile benzylic bromides 4a, 4b, 4c and 8a were characterised by i.r. and n.m.r. spectroscopy.
Yields of the bromides were determined by analytical h.p.l.c. analysis of crude reaction
mixtures.

2-Bromo-2-phenylethyl~N-meth: rba; 4g) wag formed in 981 yield and was isolated as an
oil, v (CHC1,) 3475, 2950, 1720 and 1510 cm ; §(CDCl,) 2,72 (3H,d,N-Me), 4,500
(23.4,‘1‘8_§2-o), .8 (1H,br,NH), 5,12 (1H,t,-CH(Br)Ph) and”7,39 (SH,s,ArH).

3-Bromo-3-phenyl ~N-methylc ma 4b) was formed in 97% yield and was isolated as an

oil, v (CBC1,) 3475, 3000, 1725 c¢m ; 6(cDCl,) 2,22-2,55 (28,m,CH,), 2,68 (3H,d,N-Me), 4,10

(zu,t,f;'_g’z‘-o), 5,0 (1H,t,CH(Br)Ph), 5,3 (1H,br,NH) and 7,28 (5H,s,ArHEJ.

4=Bromo-4-phenylbutyl-N hylcarb t was formed in 94X yield and isolated as an oil,

v (CHC1,) 3475, 2950 and 1720 cm ; 6(¢dbCl,) 1,4-1,95 (2H,m,~CH,-), 2,0-2,5 (2H,m,-CH,-), 2,69
B,d,5-42), 4,05 (2H,t,~GH,~0), 4,9 (1H,t,2CH(Br)Ph) and 5,3 (IR,br,NH) and 7,3 (58,s;ArE).

Methyl N-(3-bromo-3-phenyl al 83) was formed in 85 yield and isolated as an
oil, v (CHC1,) 3460, 2950 and 1720 cm ~; §(CDCl.) 2,4 (2H,t,CH -N), 3,2 (2H,q,-§§2-) 3,62
(3H,s,088%, 5,0 {1H,t,-CH(Br)Ph), 5,45 (1,br,NH) and 7,3 (SH,s,Arf))

hyl N-(4-bromo-4-phenylbutyl 8b) formed in 981 yield was isolated as an oil, v
(CHC1,) 3450, 3000, 2950 and 1720 cm ; 6(CDC1,) 1,2-1,8 (2H,m,~CH,-), 1,95-2,4 (24,m,-CH -)ex
3,14 28,¢,-CH -N). 3,6 (3H,s,0Me), 4,95 (1H,t —CH(Br)Ph), 5,75 (18,br,NH) and 7,35 (5H,s ArH).
The oil rearrafiged quantitatively upon standing to N-carbomethoxy-2-phenylpyrrolidine (9a) which
was purified by preparative plate chromatography and was an oil, Vv (CHCl3) 2950, 1685, 1450
and 1385 cm ; 8(CDCL,) 1,5-2,4_(4H,m,-CHy's), 3,42-3,8 (2H,m,-CH "R}, 4,70=5,1
(1H,m,-CH(Ph)N-), 7,13 (SH,8); ®/z 205 (M"), 146, 128 and 69 (Foufid: C, 69,9, H, 7,4; N, 6,8%.
IPLITL requires: C, 70,2; H, 7,4 and N, 6,82),

Methyl N-(5-bromo-5-phenylpent rbamate (8¢c) formed in 88% yield was isolated as an oil, Vv
(CHCI3) 3460, 2950 and 1720 cm ; 8(cDC1,) 1,2-1,8 (6H,m,-CH,'s-), 3,08 (ZB,ng—N), 3,6
(3H,8,0Me), 4,9 (1B,t,-CH(Br)Ph), 5,0 (1§,br,§g) and 7,3 (5H,s,ArB). The oil rearranged at room
temperature upon standing or upon treatment with AlIC10, in benzene to N-carbomethoxy-2-phenyl-
piperidine which was purified by preparative plate chromatography and was an oil, Vv (CEC13)
2950, 1680, 1450 and 1410 cm ~; 6(CDCls) 1,3-1,8 (4H,m,-§g2's), 1,8-3,10 (An,m,ggz'%3,

max
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3H,s,0Me), 5,38-5,65 (1H,m,~CE(Ph)N-) and 7,3 (5H,s,ArH); Bfe 219 (H’), 160, 142 (Found:
7,7

01311171002 requires: C, 71,2; H, 7,8 and N, 6,42).

rbama

The photolysis of N-bromocarbamates (1,75 mmol) in benzene (15 ml) were repeated in the
presence of a 10 molar excess of 3,3-dimethylbut-l-ene. Aliquots of the reaction mixture were
analysed for benzylic bromination products by h.p.l.c. prior to work-up.

2-Phen hyl N-b =N hylcarb 2d) gave after 0,5h a mixture which contained
2-bromo-2-phenylethyl N-methylcarbamate (4a, 6%). Concentration afforded an oil which was
separated on silica gel plates into (4a), 2-phenylethyl N-methylcarbamate (2a, 26%) and
2-phenylgthyl N-(2-bromo-3, 3~dimethylbutyl)-K-methylcarbamate (5a, 44%), Vv (CHC1,) 2950 and
1690 cm ; m{z 192, 148 and 105. The structure of (5a) has been confirme¥*By 500 Mz n.m.r.
spectroscopy .

3-Phenylpropyl N-bromo-N-methylcarbgmate (2¢) gave after 0,5h, a mixture which contained

3-bromo-3-phenylpropyl N-methylcarbamate (4b, 92). Concentration afforded an oil which was
separated by plate chromatography into (4b), 3-phenylpropyl N-methylcarbamate (2b, 33%) and
3-phenylgtopxl N-(Z-brgmo-3,3-dimethy1buty1) N-methylcarbamate (5b, 28%), Y oax (cHC1,) 2950,
1695 em ; /z 357liH ), 206, 118 and 91. The structure of (5b) was confirmed by 500 MHz

n.m.r. spectroscopy .

4-Phenylbutyl N-bromo-N-methylcarbamate (2f) gave after 0,5h a mixture which contained
4-bromo-4-phenylbutyl N-methylcarbamate (4c, 10%). Concentration afforded am oil which was
separated by preparative plate chromatography into (4c), 4-phenylbutyl N-methylcarbamate (2c,
37%) and 4-phegylbutyl N-(2-bromo-3, 3-dimethylbutyl)-N-methylcarbamate (5c, 34%), v (CHCI3)
2950, 1690 cm ; “‘{T 369, 220, 133 and 91, The structure of (5¢) was confirmed by"330 MHz
n.m.r. 6pectroscopy .

Methyl N-bxomo-N-(3-phenylpropyl)carbapate (6e) gave after 0,5h a mixture which contained methyl
R-(3-bromo~3-phenylpropyl)carbamate (8a, 92). Concentration gave an oil which was
chromatographed on silica gel plates to afford (8a) and methyl N-(3-phenylpropyl)carbamate (6a,
76%).

N-bromo-N-(4-phenylbut b 6f) gave after 0,5h an oil which was shown by
analytical h.p.l.c. and n.m.r. to contain methyl N-(4-bromo-4-phenylbutyl)carbamate (8b, 93%).
The oil decomposed rapidly to give N-carbomethoxy-2-phenylpyrrolidine (9a) which was identical
to authentic material.

Methyl N—h;ggg-ﬂ-sQ—Ehegxlggngxlzca:bggg;g (6g) gave after 0,5h an oil which, from n.m.r.
analysis, contained a mixture of methyl N-(5-phenylpentyl)carbamate (6c) and methyl
N-(5-bromo-5-phenylpentyl)carbamate (8c). The mixture was treated with AgCl0, in benzene in the
dark at room temperature. Work-up afforded an oil which consisted of carbamate (6c, 39%) and
N-carbomethoxy-2-phenylpiperidine (10, 612).

Methyl N-bromo-N-pentylcarbemate (6h) (1,5 g, 6,7 umol) and 3,3-dimethylbut-l-ene (5,63 g, 67
mmol) in dry benzeme (25 ml) were irradiated for 0,5h. Concentration afforded an oil which
contained only methyl N-4-bromopentylcarbamate (891 which was purified on silica gel plates as
an oil, Vv (CHC1,) 3450, 2950, 1720 and 1510 ecm ~; S8(cDC1.) 1,7 (3H,d,-CH-CH,), 1,8-2,15
(48,m), 35 (26, 3 of t, CH,-NH), 3,6 (38,s,0Mg), 3,9-4,48"(1H,m,~CH(Br)CH,) and 5,28
(14,br,NH), (Pound: C, 38,0;°H, 6,3; N, 6621. C,H,,NO, requires: C,37,5; H; 6,3; N, 6,3%). The
0il cyclised upon ueat pyrolysis (140-150") to N-carboiethoxy-2-methylpyrrolidine (9b) which was
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an oil, v (CHC1,) 2950, 1680, 1460 and 1390 cm-l; s(cnc1

) 1,18 (38,d,CH,~CH), 1,42-2,08
(48,m), 2788-3,55 {3H,n,K-CH and N-CH,) sud 3,68 (3H,s).

3
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