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Abstract: Hydroxyl-directed aziridination of the isoprenoid alcohols - geraniol,
nerol, and (E E)-farnesol - with Atkinson's N-acetoxyamino-2- ethyl 4(3H)—
qumazolone reagent (4) afforded N-substituted 2,3-epimino alcohols. Reduction
of these and related N-substituted aziridines with metal-ammonia or lithium-
naphthalenide reagents furnished a series of N-H aziridino alcohols (53-74%)
including 2,3- and 6,7-epimino geraniols (10 and 13), 2,3-epimino nerol (17),
(E, E)—23 epimino farnesol (23) and syn- 23 epimino isophorol (20). A less
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N-H Aziridine derivatives of isoprenoid polyenes and steroids have significant biological
activities and applications as selective inhibitors of sterol biosynthesis enzymes. 2,3-Epimino
squalenel.2 is a potent inhibitor of oxidosqualene cyclases from rat liver,i-3 pea seedlings,? and
yeast.34 This inhibitor has been used to impede cyclase activity in a study on the substrate
selectivity of squalene oxidaseS and to block de novo sterol biosynthesis in yeast® and fungi.”
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24,25-Epimino lanosterol, a product of 2,3-epimino squalene metabolism in Gibberelia
fujikuroi,8 and 24,25-epimino zymosterol® inhibit essential sterol side chain alkyiations
catalyzed by S-adenosyl-L-methionine:A24(25) sterol transferases from this fungus!0 and from
sunflower seeds%2 and yeast9 with K; = 3-10 nM. 24,28-Imino fucosterol blocked the
phytosterol side chain dealkylation essential for growth and development of the silk worm
Bombyx mori 11 and inhibited the side chain methylation in the biosynthesis of 24-propylidene

cholesterol in cell-free extracts from themarine alga Chrysoderma mucosa.l2 Imino analogs
of Cecropia juvenile hormones (JH)!3 potentiate the intrinsic JH activity of the natural
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a 10P-Aziridinyl estranes!4a and 17B-aziridinyl androstanes14b are
potent inhibitors of the C-C bond cleaving oxidases, aromatase and 17f3-hydroxylase/C17,20-
lyase, respectively.

bug Pyrrhocoris apterus.132

A variety of methods have been used to synthesize these isoprenoid and steroid N-H
aziridines. 2,3-Epimino squalene was first obtained by HN3 addition to 2,3-oxidosqualene,

sulfonylation, and hydride reduction.! A more direct conversionof squalene to the 2,3-

epimino derivative has been accomplished by iodoazide!3 and bromoazide additionsl6 and
subsequent hydride reduction. The halo azide methods have been utilized for regio ‘eiective
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synthesis of 6,7-epimino geraniol and 10,11-epimino farnesol.16,17 The imine analogs of JH

were synthesnzed from epoxidel32 or a-azido ketone precursors.!13b Aziridinations of 2-
cholestene!8 as well as side chain 24(25)16.18 and 24(28) double bonds!! of sterols have been

effected by iodo isocyanatel1l,18,19 and iodoazide!7 additions followed by methanol addition or
hydride reduction. The aziridinyl estranes!42 and androstanes!4b.20 were prepared by LiAlH4

reductions of the 10B3- and 17B-acetyl steroid oximes.
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we required access to 2,3-imino farnesol (23). Atkinson and Ke Hy ave reported that
regioselective aziridination of geraniol can be effected at the 2,3-double bond by reaction with
N-amino-4(3H)-quinazolone 3 and lead tetraacetate,22 and similar hydroxyl-directed



aziridination occurs with N-aminophthalimide.23 The active aziridinating agent in the former
case has been shown to be the N-acetoxyamino quinazolone (4 = QNHOACc),24 and this
unstable reagent can also be generated by oxidation of 3 with iodosobenzene diacetate.25
These reagents provide a general one-step procedure for converting olefinsto aziridines
bearing the heterocyclic substituent (Scheme 1). 26 However, to our knowledge the known
methods for removal of N-quinazolinyl substituents are limited to hydrazinolysis of an
activated trifluoromethyl analog to an N-amino aziridine,272 Sml; or Al-Hg reduction of N-

quinazolinyl amino esters</P or amin , and a de-silylative elimination-cyanation sequence
in which an N-H aziridine arises from re-addition of cyanide to an azirine intermediate. 27¢
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We have found that the N-N bond ofthe N-quinazolinyl aziridines (5) undergo reductive
cleavage with metal-ammonia or lithium-naphthalene to liberate the N-H aziridines, including
2,3-epimino geraniol (10) and 2,3-epimino farnesol (23).

N-Aminoquinazolone 3 was prepared by acylation of methy! anthranilate with propionic
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anhydride, hydrazinolysis, and cyclodehydration.<® In most cases the N-acetoxyamino

quinazolone reagent 4 was generated by oxidation of 3 with an equimolar amount of
iodosobenzene diacetate25 (CH2Clp, -23°C, 30 min), the olefins (0.5 equiv.) were added at
-23°C, and after ~2.5 h the reactions were warmed to room temperature. This procedure and
stoichiometry with a two-fold excess of the N-acetoxy reagent were utilized for aziridinations
of geraniol (6),22 geranyl acetate (7), nerol (14), and isophorol (18)23 (Schemes 2 and 3). The
ynelds of the major and minor N-substituted aziridines based on the olefin reactants are
presented in Table 1. Since in most cases significant amounts of the starting olefins were
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recovered during purification, adjusted yields basedon unrecovered olefins are also shown.

The relatively polar N-quinazolinyl and N-phthalimido aziridines were easily separated from
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silica gel. The majority of this heterocyclic by-product arising from competing decomposition
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Aziridination of geraniol (6, 4.45g scale) by this modified procedure afforded the known
N-quinazolinyl 2,3-epimino geraniol (8)22 in good yield (77%). The lower yield and regioselec-

Scheme 2

AN -OR 8 + 6,7-isomer(9)
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tivity of aziridination of geraniol with N-(acetoxyamino)phthalimide23 (Table 1, 36%, ~4:1)
may reflect alternative hvdmgen-bnndmg arrays in this reagent and/or the transition state.

not preuse}" reflect the inherent aziridination selectwities at the 2,3 and 6,7 double bonds
because the small amounts and instability of the minor isomers together with the difficulty in
separating impurities of similiar polarity rendered quantitative recoveries problematic.

The predominant product from geranyl acetate (7) was the 6,7-aziridine 11 (50% or 82%
based on recovered olefin). The opposite regioselectivity and lower conversion (64%) in this
case are consequences of the absence of theallylic OH group to stabilize the transition state by
hydrogen bonding and the inductive deactivation caused by the acetoxy substituent.
Methanolysis of the acetate afforded N-quinazolinyl 6,7-epimino geraniol (9, 89%) identical to

the minor product isolated from azmdmatlo of geraniol.
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The conversion of geranioi and nerol (Scheme 3) to
with no evidence of cross contamination prov1des further evidence for the suprafacial
stereospecificity of these nitrenoid cycloaddition reactions.26 Aziridination of isophorol with 4
gave the known syn N-quinazolinyl epimino alcohol 1923 in 75% yield and highsyn selectivity
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in accord with the Iiterature.

Geraniol and (E,E)-farnesol were aziridinated with N-

acetoxyamino reagent 4 generated with Pb(OAc)4 under reversed stoichiometry conditions
(1.5:1 olefin/oxidant ratio). The yields of N-substituted 2,3-epimino geraniol (8) and 2,3-
imino farnesol (22) after chromatographic purification were 35% and 29%, respectively (63%

and 73% based on unrecovered

isoprenoid alcohol).

Table 1. Products and Yields from Olefin Aziridinations with N-Acetoxy-
aminnminazalane (4) and NN Rand (Cleavaoec with Sadinm- ar
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Lithium-Ammonia (see Schemes 2 and 3).

N-Substituted Aziridines N-H Aziridines
aior Minor
Major Minor
Olefin No.  Yield®%)® No. Yield(%)° No. Yield(%)
geraniol (6) 8 77 9 3¢ 10 66
8 (63 9 (& 10 72¢
o /a/\d nf {O\d 1N rof
/ _(36) b 4 9 10 58
geranyl 12 11 13 g
acetate (7) 11 50(82) 53
nerol (14) 15 49(84) 16 5 17 68
isophorol (18) 19  75(86) _ _ 20 74
farnesol 21) 22 (73)¢ (12 23 67

? Yields based on olefin starting material.

unrecovered olefin.

NMR analysis. ~ Pb(OAc), w
wag A f; _nhthalimida a7z
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Filie | ¥y 1N 11 R B
0,/- and 1u,1 1-aZiraines.

®Na (3 equiv) used unless noted otherwise.

Those shown in parentheses are based on

¢ Estimate based on 'H

as used as oxidant and 3 was limiting reagent ¢Li (6 equiv)
iridine. # Reduction carried out on alcehol 11 " Mixture of

The structure assignments for the regioisomeric aziridino geraniols, nerols, and farnesols
are based on their TH NMR spectra as well as literature precedent and independent syntheses of
2,3-epimino geraniol and farnesol (Scheme 4). The spectra of the 2,3-aziridine isomers show
vinyl hydrogens at 4.91-5.08 ppm whereas the C2 vinyl protons for the 6,7-aziridines 9 and 12
are found further downfield at 5.37-5.50 ppm owing to the electron-withdrawing influence of

the allylic oxygen substituents.
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Also the hydroxymethyl protons (CH2OH) appear at oy 3.75-

4.04 in the former and at 1 4.16-4.20 in the latter. The aziridinyl ring protons in all three N-
quinazolinyl 2,3-epimino alcohols (8, 15, and 22) appear as doublets of doubiets (J =9 and 3
Hz at 6y 3.0). A remarkable upfield shift of one C4 methylene proton (dy 0.84) is observed in
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the spectra of 2,3-epimino geraniol and farnesol (8 and 22) whereas the same proton in 2,3-
epimino nerol (15) is located at 1.56 or 1.93 ppm. In contrary fashion the C3 methyl groups on
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the aziridine ring appear downfield (64 1.44 and 1.42) in the former and upfield (8y 1.14) in the

latter. The anisotropic shielding effect of the quinazolone ring or its proximal carbonyl group
on the C4 protons (in 8 and 22) and the C3 methyl protons (in 15) in the more stable
invertomers is the likely cause of these upfield shifts.

The formation of N-H aziridines by Na/NH3 reduction of an N-methoxy aziridine292 and
y SmI,2% arene radical ions,302and Mg/MeOH?3% reductions of N-toluenesulfonyl aziridines
rovides hrPoPdPnt for the thllnv of these strained hpfprnpvr“pq to dissolving metal reacents
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Pr ocedures for N-N bond cleavage by Li/NH3 reduction of N-pyrrolidine carbamates3! and
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cyclic hydrazine derivatives’4 have been Icpuucu Reductions

1. o P,

of trc five N-quinazolinyl
aziridines as well as  N-phthalimido 2,3-epimino geraniol23 with 3 or 6 equivalents of lithium
or 3 equivalents of sodium in liquid ammonia with THF as co-solvent at -33°C for typically 4-7
min followed by addition of solid NH4C1 afforded the corresponding N-H aziridino alcohols in
53-74% yields (Table 1). The accompanying 2.5:1 mixturesof heterocyclic by-products, 2-
ethylquinazolin-4(3H)-one (24) and its 5,8-dihydro derivative (25), were separated from the

less polar N-H aziridino alcohols during purifications by flash chromatography on silica gel.



The minimum amount of sodium required for complete consumption of the N-
quinazolinyl aziridines was est;mated to be ca. 3-g.atom equivalents by incremental additions of
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the N-N bond completely and to consume the active OH proton, the further reduction of
quinazolone 24 to dihydroquinazolone 25 indicates that the OH proton is actually serving in
part as the proton donor necessary for this Birch reduction. Thus, the N-N bond reduction must
be somewhat faster than direct reaction of sodium with the OH group to liberate hydrogen. The
successful Na/NHj3 reduction of the remote N-quinazolinyl aziridine 9 to 6,7-epimino geraniol
13, albeit in a somewhat low 53% yield, shows clearly that the proximal OH group is not
required for survival of the aziridine. This known N-H aziridine!6:!17 was independently

val
ocedure of Kriefl6b and identified by annrnnrm’r spectral comparisons.
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Larger scale reductions of rude 8 (ca. 19.5 mmol) and 15 (ca. 17.0 mmol) gave comparable
0/
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overall yields (51 and 42%) for the two steps.

74]

Two other reduction procedures were evaluated for the capacity to cleave the N-N bond.
Reaction of N-quinazolinyl aziridine 8 with 4-g.atom equivalents of lithium-naphthalenide in
THF33 at room temperature gave 2,3-epimino geraniol (10) in 98% yield. However, the same
N-substituted aziridine proved to be stable to Smlz in THF.2%

2,3-Epimino geraniol and farnesol (10 and 23) were independently synthesized in 5 steps
by intramolecular nitrene additions (Scheme 4).34 Gerany! and farnesyl azidoformates (26a
Scheme 4
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and 26b) were prepared. by carboxyiation of the aicohols with phenyl chioroformate,
hydrazinolysis (neat NH2NH3, rt), and nitrosation of the carbazates (NaNO2, aq. AcOH).33
Irradiation of azidoformate 26a in cyclohexane36 (5 x 10-3M, 2537 A, rt) afforded the bicyclic
aziridine 27a (20%) and geranyl N-cyclohexylcarbamate (28, 52%), the latter formed by
insertion of the nitrene into a C-H bond of the solvent. Thermal generation of the nitrene in
refluxing benzene and o-xylene gave similar low yields of oxazolidinone 27a accompanied by
azepines (40-55%) arising from nitrene addition to the aromatic solvent followed by

Hydrolysis of 27a (LiOH, aq. THF) provided 2,3-epimino geraniol 10 (69%), identical
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to me IN-I1 321[’1(]1[18 omameu Dy lVaJlVH} TEGUCUOH OI N- qumazounyl azmcnne 3. ThlS
aziridino alcohol was converted back to the oxazolidinone (80%) in two steps by formation of
the phenyl carbonate (PhOCOCI, Et3N, ether, -5°C) and base-catalyzed cyclization (neat Et3N,
reflux). Similar irradiation of (E,E)-farnesyl azidoformate (26b) in CH2Cly furnished the

corresponding homogeranyl oxazolidinone (27b, 19%) which was hydrolyzed to 2,3-epimino
farnesol 23.
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Na/NH3 reduction provides convenient access to the N-Haziridino alcohols 10, 17, and 23.

This approach compiements known methods for synthesis of the isomeric N-H-aziridines
functionalized at the opposite end of the isoprenoid chain.!.13,16,17

EXPERIMENTAL

Materials and Methods.38 Reactions were stirred magnetically unless otherwise
indicated. Triethylamine was distilled from P2Os5 and stored over KOH pellets. Glassware was
flame-dried under a slightly positive nitrogen pressure. All reactions were monitored by TLC
on Merck glass plates precoated with 0.25 mm of silica gel 60 F-254. The residual peaks for
CHCI3 (8 7.26 ppm for 1H and & 77.0 ppm for 13C ) were used as internal references in NMR
spectra. The abbreviation "app” in 1TH NMR data refers to the appearance or first order analysis
of the multxplet which maybe an oversimplification. The purity of all major products was
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3-Amino-2-ethylquinazolin-3H-4-one (3). A modification of a literature procedure was
used.28 A solution of methyl anthranilate ( 20.0 g, 132 mmol) in propionic anhydrlde (24.1 g,
185 mmol) was heated without solvent at 105 °C for 15 min under N, cooled to 75 °C, and
diluted with absolute EtOH (10 mL). Anhydrous hydrazine (8.48 g, 265 mmol) was added in 2

portions at 5-min intervals. The solution was stirred and heated at reflux for 45 min, cooled to



room temperature, and allowed to crystallize. Recrystallization (erhyl acetate-hexane) afforded

22.3 g (86%) of 3 as a white crystalline solid: mp 121.5-122 °C (it.39 mp 126 °C); H NMR

(500 MHz, CDCI3) 8 1.32 (t, /= 7.5 Hz, 3H, CH3), 2.97 (q,J = 7.5 Hz, 2H, CH?), 4.90 (s, 2H,

NH), 740(dt J=28.0, 1.0 Hz, 1H, Ar H), 7.62 (d, /= 8.0 Hz, 1H, Ar H), 7.70 (dt,J = 8.0, 1.2

.19 (dd,J 8.0, 1.0 Hz, 1H, Ar H);
i 6

' NMR (126 MHz, LDLI3) 8 10.72,

o 5+
) (‘)

ied otherwise. In most
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th, 2-2 t allowed to stir atrt
for 12-48 h. Methods of isolation and purlﬂcatlon were analogous to those the representative
procedure. The following abbreviated format is used to present specific information about other
aziridinations with PhI(OAc)j)_ starting olefin; total reaction time; flash chromatography eluent;
products and by-products in elution order. In each case the majority of the N-H quinazolone
by-product was removed by repeated extractions with 0.5 M KOH. This byproduct, always the
most polar component, was still evident by TLC of the crude product, but it was not isolated. A

procedure for aziridination of farnesol with Pb(OAc)4 as oxidant is also presented.
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O
pentenyl)aziridine (8). Representatlve Aziridination Procedure: A modification of literature
procedures was used.25.41 A suspension of iodos d 5

procedures used. \ suspension of iodo obenzeue iacetate (19.2 g, 57.7 mmol) in
CHCl> (140 mL) was stirred and cooled at -23 °C as aminoquinazolone 3 (10.9 g, 57.7 mmol)

in CH9C17 (70 mL) was added dropwise over 30 min. Aft 30 min at -23°C, geraniol (4.45 g,
28.8 mmol) in CHzClz (20 mL) was added dropwise over 10 min. After an additional 2.5 h at
-23°C the reaction mixture became homogeneous. The resulting orange solution was allowed to
warm to room temperature and diluted with Et2O (150mL). The ethereal solution was washed
with 0.5 M KOH (2 x 75 mL) and H20 (3 x 75 mL), dried (MgSQO34), and concentrated by rotary
evaporation to give a dark orange oil. Purification by silica gel chromatography (3:2
hexane/EtOAc as eluent) afforded 7.55 g (77%) of 8 and 0.30 g (3%) of the 6,7-regioisomer9.

Data for 8: mp 129-131 °C (lit22 mp, 128-130 °C); 1H NMR (500 MHz, CDCI3) & 0.84 (ddd,
J=12.4,10.0, 6.9 Hz, 1H, =CCHCHH), 1.39 (t,J = 7.5 Hz, 3H, CH>CH?3), 1.44 (s, 3H, CH3),
182 (¢ 2T CITAY 1T AL (o 2L OCIIY 1 70 (A3 T =170 QA 59 e 10 CIFAY D NDN (A~
LIdJ A\, J11, \Lii3), 1.1 \D, JI1, 113}, 1./V (Ua4, v 12.7, .5, J.2 114, 111, i1}}), &£.vuU (U4,
J=13.0, 7.6 Hz, 1H, CHp), 2.15 (m, 1H, CH»), 2.78 (dq,. = 16.0, 7.3 Hz, 1H, CH>CH3), 3.00
(dd, J = 9.2, 2.8 Hz, 1H, CHN), 3.08 (d_p J=16.0, 7.3 Hz, 1H, CH2CH3), 3.70-4.02 (m, 2H,
CH>0OH), 452(brd J=4.6 Hz, 1H, OH, D')Oexch) 491 (t J=17.1 Hz, 1H, C=CH), 74" (dt,
J=15.0, 1.0 Hz, 1H, H7'), 7.64 (d,J = 8.0 Hz, 1H, H8"), 7.70 (dt,J = 7.0, 1.2 Hz, 1H, H6'), 8.16

(dd, J = 8.0, 1.0 Hz, 1H, H5"); 13C NMR (101 MHz, CDCl3) 6 10.58, 11.94, 17.57, 25.21,
25.51, 27.59, 34.42, 54.33, 66.39, 120.83, 122.11, 126.05, 126.22, 126.76, 132.88, 133.72, 145.
74, 157.68, 160.91; IR (CHCI3) vmax 3453, 2962, 1665, 1600 cm-l.

Data for 9: mp 59.5-60.5 °C; 1H NMR (500 MHz, CDCl3, D20 exch) 6 1.10 (s, 3H,
CH3), 1.39 (t, J =7.2 Hz, 3H, CHCH3), 1.40 (s, 3H, CH3), 1.60 (m, 1H, CH3), 1.73 (s, 3H,
ATT. N DY Y S AYY MITN YT £ yF__1&on "1 &£ Y1 11Y MIT.MYTI. N N OL /L. 1YY TN 29 Ng
Ci13), 2.29 (m, sni, Cr2), 2.71 (aq, 4 =15.U, 7.5 Hz, 11, CraCn3), 2.65 (br s, in1, CraN), 3.U5
(A~ T—=18 N 78T 1T OIIACITIAY A1) and A 1T (AATRA T.n=12 A4 T— 77 13> DI O IT-MNTIN
ad, v =1o.v, /.o Mz, 111, i1 ri3), 4014 aiid 4.1 7/ (GADG,JAB™ 144, v [ ke TRE, 4X1, _11UT),
550 (t. J=7.3Hz IH. C=CH). 7.39(ddd. J=9.0. 7.0. 1.5 Hz. 1TH. H7"). 7.52 (dd. J=8.0. 1.0

\L, (v 4 1 o JLL’ 111, \ -y \_/11}’ I o v \uuu,u /-\l’ i -\l’ | pr—_ l.LA’ lll, a1 }5 i anl bk \uu,._l U.\I’ 1.\
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Hz, 1H, H8'), 7.64 (ddd, J = 9.0, 7.0, 1.5 Hz, 1H, Hé'), 8.15 (dd,J = 8.0, 1.0 Hz, 1H, HS5"); 13C

NMR (126 MHz, CDCI3) 8 10.61, 16.28, 18.71, 20.61, 26.69, 27.75, 36.61, 50.90, 53.94, 59.25,
121.36, 123.95, 126.05, 126.12, 126.73, 133.48, 138.87, 145.92, 158.52, 160.58; IR (CHCI3)
Vmax 3420, 2972, 1667 cm-l. Anal. Calced for CyoH27N302: C, 70.35; H, 7.97; N, 12.31.

Found: C, 70.72; H, 8.32; N, 12.52.

3 (7T PR p——

3-({(E)-5-Acetoxy-3-methyl-3-pentenyl)-2,2-dimethyl-1-(2-ethyi-4-oxo- qumazoun—.s—
yl)aziridine (11): geranyl acetate4? (7, 2.18 g, 11.23 mmol) overnight; 1% Et3N in 3:1
hexane/EtOAc; recovered 7 (848 mg, 4.32 mmol); 11{ 2.15 g, 82% based on unrecovered 7);
12 (290 mg, 11%). Data for 11: 1H NMR (400 MHz, CDCl3) § 1.08 (s, 3H, CH3), 1.38 (t,
J =17.2 Hz, 3H, CH>CH3), 1.40 (s, 3H, CH3), 1.54 (m, 1H, CHy), 1.74 (s, 3H, CH3), 2.00
(s, 3H, CH3CO), 2.24 (m, 1H, CHy), 2.34 (m 2H, CH»), 2.73 (dq, J =16.1, 7.3 Hz, 1H,
s,

CH>CH3), 2.81 (br s, 1H, CHN), 3.04 (dg, J =16.2, 7.3 Hz, 1H, CH>CH3), 4.53 and 4.60
(dABq, Jap= 13.1, J = 7.3 Hz, 2H, CH0Ac), 5.37 (tsept, J = 7.1, 1.2 Hz, 1H, C=CH), 7.37
(ddd, J= 8.1, 6.9, 1.3 Hz, 1H, H7"), 7.59 (dd,J = 8.2, 1.3 Hz, 1H, H8"), 7.64 (ddd, J = 8.2, 6.9,
1.4 Hz, 1H, H6'), 8.14 (dd, J = 8.1, 1.4 Hz, 1H, H5"): 13C NMR (101 MHz, CDCl3) & 10.66.
16.49, 18.74, 20.60, 26.73, 27.80, 36.72, 50.98, 54.14, 61.28, 118.81, 121.43, 126.06, 126.17,

15.98, 158.57 171.13; IR (CHCI3) vmax 2956, 1737,

rr T “an N s 1 ~~ SO oYY

9
90, H, 7.62; N, 10.96. Found: C, 68.65;

5

73Hle CHzCH3)3O4(dq, J=147, 73H, :
(dd, J = 11.7, 7.7 Hz, 1H, CH20), 4.69 (dd, J = 11 z, 1H, CHA0), 4.94 (tsept,J = 7.1,
1.2 Hz, 1H, C=CH), 7.40 (ddd,J = 8.1, 7.2, 1.2 Hz, 1H, H7"), 7.61 (dd,J = 8.2, 1.0, Hz, 1H,
H8'), 7.67 (ddd, J = 8.2, 7.1, 1.1 Hz, 1H, H6'), 8.16 (dd, J = 8.1, 1.2, Hz, 1H, H5"); 13C NMR
(126 MHz, CDCl3) & 10.62, 16.98, 17.62, 20.90, 25.20, 25.59, 27.71, 34.26, 50.69, 54.24, 62.44,
121.32, 122.37, 126.20, 126.31, 126.81, 132.86, 133.67, 145.93, 157.99, 160.49, 170.86; IR

I

1
7
z,

(CHCI3) vmax 3018, 1739, 1673 cm-l. Anal. Calcd for C22Ha9N303: C, 68.90; H, 7.62; N,
10.96. Found: C, 68.80; H, 7.63; N, 10.98.

Basic Hydrolysis of 11 to the N-Quinazolinyl Aziridino Alcohol 9. A solution of the
N-substituted n71rldlnv| acetate 11 (7 15 g, 5.60 mmn]\ in MeOH (Aﬂ mL \ at 25 °C wag stirred

S QL QUG PIWA S 15 § Qv o ~ Deii

as KpCO3 (1.52 g, 8. ]2 mmol) was added The suspension was thred for 24 h, H2O (150mL)
was added, and the product was extracted with LHQ(,I;)_ (4 x 50mL). The combmed organic
layers were dried (MgSO4) and concentrated. Purification by flash chromatography on silica gel
(3:2 EtOAc/hexane as eluent) gave 1.60 g (84%) of a white solid which had similarmp, and

identical spectra to those reported above.

cis-1-(2-Ethyl-4-oxoquinazolin-3-yl)-3-hydroxymethyl-2-methyl-2-(4-methyl-3-pen-
tenyl)aziridine (15): nerol (1.71 g, 11.08 mmol); 14 h; 5:2 hexane/EtOAc; recovered nerol

Ide B I ~4 ~N NN [a YA\ VAR Qs £ AND L - [e] 1 Al Fadie - Al
(/715 g, 2.2V mm01, ~U70), 1.86 g (4¥7 or 8o % based on recovered ner01) oI 15; O,/-
ranimtientioar 16 /110 cann K0/ Tatn Fmw TE. canen £77 £ £0 & oM. 1LT NIMADR /cnn NALT, MY\ S
TCEIODOUMICT 10 (1 1V 1E, 270). LJdald 10Ul 10, 1P U/.0-00.0 LU, “IT INIVIN {(DUU | s WALALLY) O
1.14 (s, 3, CH3), 1.38 (t, J = 7.2 Hz, 3H, CHyCH3), 1.56 (ddd, J = 13.4, 10.7, 6.0 Hz, 1H,



4 Tr 3 R RL: PPN I | CC/INNDND NLELD NLQL oL
A. Koohang et al. / 1elranearon 39 (1%YY) Y00Y—Y000 O/

CHa), 1.60 (s, 3H, CH3), 1.68 (s, 3H, CH3), 1.93 (m, 1H, CHp), 2.07 (m, 1H, CHp), 2.13
(m, 1H, CH»), 2.75 (dq, J = 15.0, 7.5 Hz, 1H, CH>CH3), 2.96 (dd, J = 9.5, 3.0 Hz, 1H, CHN),
3.05 (dg, J = 15.0, 7.5 Hz, 1H, CH2CH3), 3.69 (ddd, J = 10.2, 9.7, 2.5 Hz, 1H, CH20H), 4.10
(ddd, J = 11.5, 6.5, 3.0 Hz, 1H, CH>OH), 5.08 (tsextets,J = 7.0, 1.0 Hz, 1H, C=CH), 7.40 (ddd,
J=9.0,7.0, 1.5 Hz, 1H, H7"), 7.63 (d,J = 8.0 Hz, 1H, H8"), 7.68 (ddd,J = 9.0, 7.0, 1.5 Hz, 1H,

Hé6"), 8.13 (dd, J = 8.0, 1.0 Hz, 1H, HD),“L NMR (126 MHz, CDCi3) 6 10.58, 17.60, 17.98,

24.60, 25.68, 27.58, 34.14, 54.95, 55.07, 61.40, 120.99, 122.71, 126.19, 126.39, 126.89, 132.93,
133.89, 145.84, 157.93, 161.15; IR (CHC 13) vmax 3441, 3018, 1658 cm", HRMS (FAB) m/z
caled for CooHp7N302 (M+1): 342.2181, found 342.2180.
Data for 16: I'H NMR (500 MHz, CDCI3) & 1.11 (s, 3H, CCH3), 1.40 (t, /= 7.5 Hz, 3H,
CHyCH3), 1.43 (s, 3H, CH3), 1.61 (ddd, J= 13.2, 6.5, 1.5, Hz, 1H, CH>), 1.81 (s, 3H, CH3),
21 (ddd, 1H, J— 12.5, 6.5, 3.0 Hz, CH?) 2.35 (m, lH (,HO) 2.45 (m, 1H, CHN) 2.76 (dq

2.

J =16.0,7.5 Hz 1H, CHZCH3), 2.92 (br s, 1H, OH), 3.07 (dq,J= 16.0, 7.5 Hz 1H, CHZCHg),
4.12-4.22 (symmetric 8 lines, app AB of ABX, 2H, CH20H), 5.50 (t,J= 7.5, 1H, C=CH), 7.39
(td,/=8.0,1.5 Hz, 1H, H7"), 7.62 (d,J= 8.0 Hz, 1H, H8'), 7.67 (td,J = 8.0, 1.5Hz, 1H,
H6'), 8.14 (dd,J =8.0,1.5Hz,1H,H5');13C NMR (126 MHz,CDCl3) 6 10.63, 15.25, 18.73,
20.62, 23.41, 27.18, 27.80, 50.74, 53.61, 58.86, 121.34, 125.13, 126.14, 126.18, 126.73,

133.57, 139.07, 145. 96 158. 51 160.70; IR (CHCI3) Vmax 3412 1668 1594 cm'l

nfes ™ (N Tadlia.l # nunosuemmnliae 2 e\ A A L boaionendblie,] T o bioe 0 T4 1 NIL feidinee Y ]
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(19): isophorol (750 mg, 5.35 mmol); 48 h; 1:1 hexane/EtOAc; recovered isophorol (100 mg,
13%); 1.31 g (75%, 86% based on unrecovered isophorol). IH and 13C NMR data matched
those reported in the literature.23 Data for 19: mp 176-176 °C (lit.23 mp, 169-170 °C); Anal.
calcd for C19Hp5N30O72: C, 6 70; H, 7.70; N, 12. 83 Found: C, 69 63; H, 7.73; N, 12.67.

trans-2-((E)-4,8-Dimethyl-3,7-nonadienyl)-1-(2-ethyl-4-oxoquinazolin-3-yl)-3-(hy-
droxymethyl)-2-methylaziridine (22). The following procedure is based on those reported by
Atkinson.4l Dry CHClp (10 mL) was stirred and cooled at -23 °C under N2 in a 100 mL,
three-necked, round-bottomed flask equipped with two dropping funnels and a thermometer.
Solutions of N—aminoquinazolone 3(1.04 g, 551 mmol) in CH2Cliy (10 mL)and Pb(OAc)4
(7 87 g, 6.48 mmol) in CHzClz (10 mL) were added sxmultaneously S drops at the time over 20

I e <all s, . e oW mcrad oo o T P SU

mln. Thc yciiuw bubpcflbu)[l 10([[1(:(1 was aioweda io btl[ LUI U .)Il DC10r ncat ldlIXCbUl (21,

1 Q2 4 R VYA mmal)wae adAdad Avar & min AFiar 1 & h at D200 tha hatarnoconaniic mivhiiea vwao
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warmed to rt. Pb{OAc) » was filtered by gravity. and the solid was washed with 30 mL of
41 L1AwWNd L5 § ‘a U\U‘ ‘U’ ‘L Y LA LiEAWL Vu UJ 5 lllll J E) Aiiva Yidorlwwd YYiLiil ~F\7 22127 NJ1

CHClp. The filtrate was washed with satd. NaHCO3 (3 x 50 mL) and H70 (3 x 50 mL), dried

(MgS04), and concentrated. Purification by flash chromatography (50 % EtOAc/hexane as
eluent) afforded in elution order 1.09 g (60 %) of recovered 21_ 0.99 g (73 %, based on
unrecovered 21) of 22 as a pale yellow oil, 0.17 g (12%) of a mixture of internal and distal
aziridines, and 0.15 g of N-H quinazolone. Data for 22: H NMR (400 MHz, CDCl3) & 0.84
(ddd, /= 12.8, 10.0, 6.8 Hz, |H, CH>), 1.42 (t,J = 7.6 Hz , 3H, CH2CH?3), 1.45 (s, 3H, CH3),
1.53 (s, 6H, CH3), 1.62 (d, J = 1.2 Hz, 3H, CH3), 1.71 (ddd, J = 13.2, 9.6, 5.2 Hz,1H, CH»),

1.95 (m, 5H, allylic CH?), 2.19 (m, 1H, allylic CH3), 2.78 (dq,J = 15.8, 7.2 Hz, 1H, CH2CH3),
3.00 (dd J=9.2,3.2Hz 1H, NCH) 3.08 (dq, J = 15.8, 7.2 Hz, 1H, CH>CH3), 3.69 (ddd, J =

A 1 T 1N QO NN YT o ,1TT INTT T‘I’\ A Nsos 1113 Yy _ 11 A £ 0
11.4, 9.4, 2.2 Hz; aauponuzuexcn,./ 10.8, 9.2 Hz, 1H; CH,0H), 4.06 (dad,J = 11.4, 6.8,
AN TTo. A crenmen Al F— 11 TN LI 1 AL NN A LA Ad T — a6 DD WUs 11 NYLT
J.VU rlL, ad LlpUll l}Z\J L)&Lll J — 11. , J.4 I'iL, 111, \,l 2\}[ ), “+. “f \UU,J — UV, 4.4 114, 111, \JI1,
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exch with D20), 4.93 (t of sextets,J = 7.2, 1.2 Hz, 1H, C=CH), 5.00 (t of septets, J = 7.2, 1.2
Hz, 1H, C=CH), 7.44 (ddd, /= 8.3, 6.9, 1.2 Hz, 1H, C7'-H), 7.64 (dd,J = 8.2, 0.4 Hz, 1H, C8'-
H), 7.72 (ddd, J = 8.5, 6.4, 1.6 Hz, 1H, C6'-H), 8.18 (dd,J = 7.8, 1.2 Hz, 1H, C5'-H); 13C NMR
(100 MHz, CDCl13) 8 10.6, 16.0, 17.1, 17.6, 25.3, 25.6, 26.4, 27.7, 34.4, 39.5, 54.5, 61.5, 120.9,
121.9, 123.9, 126.1, 126.3, 126.8, 131.5, 133.8, 136.6, 145.8, 157.7, 161.0; IR (neat)vmax

3447. 2928, 2246, 1663, 1592, 1039, 912, 772, 731, 691 cm-I.MS(+)FAB m/z 410.3; HRMS
caled for C25H35N302 410 2811, found 410.2807. Anal. Calcd. for C25H35N302 C, 73 31; H

QKI-Y\T lf\ ")K Farmd. & 72 (’) T Q&L1- N 1N NS A i1 Adem garamial /11 76 5 11 20
0.1, 1N, 1V.LVU LUV, ., TJ.J04, k1, O.J01, 1Ny, 1V VU, NALILIML ina l. U Eialllul (1.79 5, 11.07
mmnl) k\l the nracedire decerihed far farnecnl affarded A7 mo (259, A04 haced an
1Kk lll\ll] I.JJ LA AN Pl WA Al W AW TR L/ WL AWIR L&A1 1 E%WAONT ) LAliviuavag i lllb \JJ £ Uy AV PO AVA | LICAIWw N i
unrecovered geraniol) of 8 and 60 mg (5% based on recovered geraniol) of 9

Representative Procedure for Reductive Cleavages of N-N Bonds. Most reductions
were performed using sodium and ammonia as described in Method A below. Some reductions
with Li/NH3 affording 10 and 23 are also presented. The presence of N-H quinazolone (24) and
N-H dihydroquinazolone (25) was evident in TLC analyses of the crude products, but they were
not isolated unless otherwise stated. The following abbreviated format is used to present
specific information for reduction of other N-quinazolinyl aziridines with Na/NH3 (Method
A): starting material; flash chromatography eiuent; N-H aziridine.

poroec 2 Mo denywiaathol P maathel I (A miathol 2 manfonuNasinidina /10y Mathod A
irans->-nyaroxymeéinyr-s-méinyi-s-{a-metnyi->-peinienyijaziriaiie{ivj. vietnoa A.
n" Nom ~ l)l\l’l ' :N"" —n“““ﬁn“e Ih‘lﬂ “rl\nL‘A“rQ wwag AD‘IQ]““D(‘ {‘Tnm a ‘;"n"’"tll"ﬂ
u‘y 1NeRF i “.l‘, SEARLE R4RS L “.‘.J A WAL LIV RIID AL iirO lJl vVvvu UL v yvao vy \JIUHUU LIkl «a 1101 QAL v
method 31 ‘A‘uhvdrgus ammonia (7 mL) was condensed into the flask and allowed to reflux at
. 1 ) was condensed into the flask al

1
-33°C. A solutxon of N—subsm:uted aziridine 8 (100 mg, 0.29 mmol) in THF (3 mL) was added.
The solution was stirred at reflux as sodium metal ( 20 mg, 0.88 mg-atom) was added in three
portions over 1 min. The initial light yellow solutlon turned red after thefirst portion of Na,
then green after the second, and finally dark blue immediately after the final portion of metal
was added. After ~5 min sohd NH4Cl1 (500 mg, 9.37 mmol) was added, and the NH3 was
allowed to evaporate. The solid residue was partitioned between HpO (30 mL) and EtOAc
(20 mL), and the aqueous layer was extracted withEtOAc (2 x 15 mL). The combined organic
extracts were dried (MgSO4) and concentrated by rotary evaporation. Purification by flash
chromatography (7:2 EtOAc/MeOH as eluent) afforded 33 mg (66%) of 10 as a yellow solid,
mp 27-28 °C, the N-H quinazolone 24 (38 mg, 65%), and the N-H dihydroquinazolone 25

(11 mao DK94) nofo Fn« 10 I NMR (SO0 MEs OV, Y8 1 1R 7e 21T O 1 24 fvn 11T
\l 1 llls, LU/U}. irzailta 1uvil 1v., L1 INLIVIEN \JVU IVIL Ly N 1AL } U 1.10 \D, Ji1, \4113}, 1.0 \lll, i11,
CHY 187im. IH CH~)Y. 161 (¢ 3H CH2) 168 (s. 3H. CH>Y. 197 (hr 5. 2H. NH and OF
\_/“Ll, A e/ T \lll, lll’ \./llL }, A e\ A \LJ, JLL, \./ll }’ ESACANS \LJ’ JLJ’ \/“J}, Aes T \UA U, J-AL, 1 Nr x sdiiNag \I“l,
2.10 (m, 3H, CH> and CHN), 3.54 (m, 1H, CH,OH), 3.76 (dd,J = 9.9, 4.8 Hz, 1H, CH,OH),
5.08 (t, J=5.8 Hz, 1H, C= CH) 13C NMR (100 MHz, CDCl3) & 16.90, 17.50, 24.55, 25 55,

m/z calcd for C10H19NO (M+H). 170.1545, found 170.1545. A large scale reduction camed out
similarly with 6.67 g of crude 8 [prepared from 3.01 g (19.5 mmol) of geraniol] and 2.25 g
(97.7 mg-atom) of sodium afforded 1.70 g (51% based ongeraniol) of 10. This aziridine was
also prepared by Li/NH3 reduction as follows: A solution of 8 (300 mg, 0.88 mmol) in 2 mL of
THF was added to a solution of lithium (40 mg, 5.28 mg-atom) in liquid NH3 at -78 0C. The
mixture was allowed to warm to -33 ©C and after 2 h at refiux, the product was isolated as
described above and purlﬁed by flash chromatography (15% MeOH/CH2C 2 as eluent) to

nFPA«A 1(\’7 oy /’7’70/_\ nf 1

ne vallawur Ai T~ s ion of N-phthalimido rdina?l
arora 1v/ mg (/470 O1 18 as YE110OW oil. Llll‘llj reduction of N -prunaiimiad aziriaine
(DR o 7256 mmnl) hy thic I i/NH» raduction nrocedure oavae 7583 mo (SR%4) nf 10
\\I i 5’ FETRVAY S llllllvl UJ "‘.ll 47/ L Nk 1_’ A wNiduiwiivii ylv\/\luul\( EMV W dt ot T All& \-/U ! UI i



Method B. By Lithium naphthalenide reduction. Lithium naphthalenide (1.0 M) in
THF was prepared by the addition of lithium (820 mg, 12.0 g-atom) to naphthalene (16.6 g, 13.0
mmol) in THF (180 mL) with subsequent stirring for 24 h at rt.33 A solution of 8 (266 mg, 0.78
mmol) in THF (8 mL) was stirred at 25 °C under N2 while lithium naphthalenide (3.12mL, 3.12
mmol) was added dropwise over 5 min. After 5 min, HpO (2 mL) was added and the
suspension was evaporated to dryness. The resulting solidwas partitioned between EtOAc

(25 mL) and HzO (5 mL). The aqueous layer was washed with Etzo (8 x 20 mL). The

combined organic layers were dried (MgSQO4) and concentrated. rification by flash

chromatography (7:2 EtOAc/MeOH as eluent) afforded 131 mg (99%) of 1{} as a yellow solid,
4]

Method C. By hydrolysis of oxazolidinone 27a. Pellets of LiOH-H>O (1.41 g, 33.6
mmol) were added slowly to a solutionof 27a (0.41 g, 1.56 mmol) in THF/H20 (20 mL of 1:1
solution) at rt under N2. The suspension was stirred for 5 minand extracted with EtOAc
(3 x 10 mL). The combined organic layers were dried (MgSO4) and concentrated. Purification
by flash chromatography ( 10 % MeOH/CH2Cly) afforded 257 mg (69 %) of 10 as pale yellow
oil, the spectra of which were identical to those of the product obtained from dissolving metal
reductions of 8.

2-Ethylquinazolin-3H-4-one (24): mp >200°C (lit 43 mp, 233°C); 1H NMR (400 MHz,
CDCl3) 6 1.45 (t,J= 7.8 Hz, 3H, CH3), 2.84 (q,/= 7.7 Hz, 2H, CH»), 7.46 (ddd, J= 8.1, 6.9,
1.2 Hz, |H, Ar CH), 7.69 (dd, J=8.0, 1.0 Hz, |H, Ar CH), 7.73 (ddd, /= 8.1, 6.9, 1 3 Hz, 1H,
Ar CH), 832 (dd, J = 8.0, 1.0 Hz, 1H, Ar CH), 12.10 (br s, 1H, NH (D20 exch)); 13C NMR
(101 MHz, CDCl3) 6 11.42, 29.02, 120.36, 126.09, 126. 19 127.08, 134.64, 149. 38 157.55,
164.33.

2-Ethyl-5,8-dihydroquinazolin-3H-4-one (25): mp >200 °C; 1H NMR (500 MHz,
CDCl3) & 1.30 (t,J=7.2 Hz, 3H, CH3), 2.69 (q,J = 7.2 Hz, 2H, CH2CH3), 3.15 (m, 2H, CH»),
3.25 (m, 2H, CH?), 5.81 (dddt,J = 7.7, 5.2, 3.3, 2.0 Hz, 1H, C=CH), 5.87 (dddtJ-?S 5.2,
3.1, 1.9 Hz, 1H, ’“—CH), 11.80 (br s, 1H, NH), 13C NMR (uo MHz, u)u;) 5 11.79, 23.81,
28.69,32.34,116.47, 122.94, 123.83, 159.56, 159.96, 164.35; IR (CHCI3) vmax 3020, 1643,

cm-l; HRMS (FAB) m/z calcd for C1oH12N20 (M+1): 177.1028, found 177.1028.

v R-hvdr meth nantanvhNaziridinaf 1)
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Na/NH3 reduction of 9: 9 (153 mg, 0i45 mm ) 5:2 E_OAC/MQO“; 13 (50 mg, 69%) as a
yellow oil: TH NMR (500 MHz, CDCI3) § 1.13 (s, 3H, CH3), 1.22 (s, 3H, CH3), 1,52 (m, 2H,

CH»), 1.63 (s, 3H, CH3), 1.74 (t, 1H, J = 7.0 Hz, CHN) 1.95 (br s, 2H, NH,OH , exch with
D20), 2.10 (m, 2H, CH»), 4.11 (d, 2H, J = 7.2 Hz, CH20H), 5.39 (tsept, J = 70 1.5 Hz,
C=CH); 13C NMR (126 MHz, CDCl3) § 16.24, 19.51, 27.27, 27.90, 35.88, 37.67, 43.22, 58.81,
124.39, 138.05; IR (CHCI3) viax 3543, 3024 cm-1.

Method B. By bromo azide addition/reduction. A modification of a literature

procedure was used.1® A suspension of NaN3 (13.7 g, 210 mmol) in a solution of DME (270
mL), H2O (68 mL) and 741 (8.24 g, 42.0 mmol) was stirred and cooled at -5 °C as NBS (10 5 =
mmo + ~ ; s | I4Y

P A Ad A e 14 3 T na ot fne )
58.8 mmol) was added in po ortions over 15 min. Th Duapcumuu was stirred for 2 h at -5°C,
water (200 mL) was added, and the product was extracted with hexane (4 x 100mL). The
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hexane extracts were combined, dried (MgSO4), and concentrated. A suspensionof LiAlHg
(7.97g, 210 mmol) in EtpO (275 mL) was stirred and cooled at 0 °C as the crude 6,7-bromoazide
(13.3 g, ca 42.0 mmol) in Et20 (20 mL) was added dropwise over 55 min. After 30 min, water
(8 mL), 15% NaOH (8 mL), and H2O (21 mL) were slowly added in succession over 55 min
with addition of more EtpO (150mL). The resulting suspension was filtered, and the salts were
washed with Et20 (4 x 100 mL). The organic filtrates were combined, dried (MgSQ4), and
concentrated by rotary evaporatxon Purification by ﬂash chromarography (7:2EtOAc/MeOH

N ~f 12 nc n ~x 31 4laa NIAAD qinnmten ~F xrh:al raro
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cis-3-Hydroxymethyl-2-methyl-2-(4-methyl-3-pentenyl)aziridine (17): 15 (300 mg,
0.88 mmol); 4:1 EtOAc/acetone; 17 (102 mg, 68%) as a low melting yellow solid: 'H NMR
(400 MHz, CDCl3) 6 1.24 (s, 3H, CH3), 1.32 (ddd,J= 16.0, 10.5, 6.3 Hz, 1H, CH?), 1.51 (ddd,
J=15.8,103, 5.5 Hz, 1H, CH), 1.55 (s, 3H, CH3), 1.63 (s, 3H, CH3), 1.98 (m, 2H, CH?), 2.08
(dd, J = 8.2, 4.3 Hz, 1H, CHN), 2.75 (br s, 2H, NH and OH), 3.39 (dd,J = 12.2, 8.2 Hz, 1H,
CH,OH), 3.72 (dd, J= 11.8 4.2 Hz, 1H, CH>0H), 5.01 (tsext, /= 6.8, 1.4 Hz, 1H, C=CH); 13C
NMR (100 MHz, CDCIl3) & 17.43, 24.49, 24.66, 25.50, 33.81, 39.59, 44.78, 60.59, 123.60,
131.71; IR (CHCI3) viax 3312, 3018, cm-1; HRMS (FAB) m/z caled for C1gH19NO (M+1):
170.1545, found 170.1545. A large—scale reduction carried out similarly with 13.6 gof crude

BE [imvenimnsncnd Fanenn D £ o F17T N ocanann A1) .\f..,‘..‘.,‘.l"l M VLL ~ 180 e VRS WY A L £ 1.1
1J jpicpalcd i1 il 2.05 ELL/.VHNUL) U1 DBCTOUL| WIUl J2.00 g {107 HIg=¢ lUIU} 01 SOQium alioraca
1.1 \7£7/00a5CU O IICTO1) 01 5 7.

endo-4,4,6-Trimethyl-7-azabicyclo[4.1.0]heptan-2-0l (20): 19 (750 mg, 2.29 mmol);
9:2 EtOAc/MeOH; 20 (267 mg, 75%) as a white crystalline solid: mp 109-109.5 °C; IH NMR
(500 MHz, CDCIl3) & 0.82 (s, 31, CH3), 0.83 (s, 3H, CH3), 1.03 (dd,J = 12.6, 11.1 Hz, 1H,
CHaxHCHOH), 1.27 (s, 3H, C(N)CH3), 1.33 (dd, /= 14.2, 2.1 Hz, 1H, CHHeq), 1.41 (ddd,J =
12.7, 6.2, 2.1 Hz, CHegHCHOH), 1.46 (d,J = 14.2 Hz, 1H, CHHax), 2.25 (d, 'J=3.5 Hz, 1H,
CHN) 4.04 (ddd, J = 11 1, 6.1, 3.6 Hz, 1H, CHOH); 13’(] NMR (126 MHz, CDCl3) & 26.03,
27.97, 31.22, 31.68, 38.77, 40.42, 42.82, 43.25, 65.83; IR (CHCI3) vimax 3427, 3017, cm"'
HRMS (FAB): m/z calc'd for 156.1388, found 156.1389.
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g (67%) 3 from 22 and 257 m %) of 23 from 27b as yellow oils: 'TH NMR (400
MHz, CDCly) & 1.16, 1.57, 1.58, 1.65 (4s, 3H each, CH3), 1.31 (m, 1H, CH?), 1.55 (m, 1H,
CHy), 2.02 (m, 7H, allylic CH; and NCH), 2.20 (s, 2H, exch with D20, NH and OH), 3.46 (m,
dd upon D70 exch, J = 11.6, 7.2 Hz, 1H, CH,OH), 3.73 (dd, J = 11.6, 5.2 Hz, 1H, CH,0OH),
5.06 (m, 2H, C=CH); 13C NMR (100 MHz, CDCIl3) § 15.9. 17.1, 17.6, 24.5, 25.6, 26.5, 39.3,
39.6,41.4,43.4, 61.2, 123.1, 124.1, 131.4, 135.7; IR (neat)vmax 3266, 2918, 1450, 1037, 858
Cm" Mb(+)l‘AB m/Z 238 2 HRMb caled for C15H27NO 238.2172, found 238.2170. Anal.
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,11.46; N, 5.90. Found: C, 76.03; H, 11.66; N, 6.22.
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CH,Cl; was stirred and cooled at 0 °C under N3 as a 1:1 mixture of geraniol (4.4 g, 5 mL, 28.5
mmol) and freshly distilled PhNMe, (6.8 g 7.2 mL, 57 mmol) in anhydrous CH>Cl, (10 mL)
was added. After 20 min at rt, the suspension was washed with satd. NaHCO3 (3 x 30 mL),
10% HCl (3 x 30 mL), and brine (3 x 30 mL). The organic layer was dried (MgSO4) and
concentrated. Purification by flash c'hromatography (10% EtOAc/hexanes as eluent) afforded
7.5 g (94% ) of the carbonate as an oil: !H NMR (200 MHz, CDCl3) 6 1.61, 1.68, 1.75 (3s, 3H
each, CH3), 2.1 (m, 411, CH2CH>), 4.77 (d, J = 7.2 Hz, 2H, CH70), 5.09 (m 1H, C=CH), 5.45

(tq, J= }6, 6.9 HZ, 1H, C=Cl'-l’), 7.22 {3H, ifi, Ai’b’), 7.38 (2H, i, nulf), JC NMR (}"0 ‘V‘LFLZ
CDCl3) 8 16.4, 17.5, 25.5, 26.1, 39.4, 65.2, 117.1, 120.9, 123.5, 125.8, 129.3, 131.7, 143.7,
151.0. 153.6: IR (neat) Vinax 1761 (C=0) cm-1. Anal. Calcd for C17H>»» O~ C. 74.42- H. 8.08
ORS00y RARRAAVEL) VIMIAK A AV AT Ny Rl o 1 FRALLN S Ry JTURL, 12, DLV0.
Found: C, 74.46; H, 8.10

(E)-3,7-Dimethyl-2,6-octadienyl Carbazate. The following procedure is based on that
reported by Carpino.35 The preceding carbonate (2.00 g, 7.3 mmol) was stirred as a neat liquid
at rt under N, as anhydrous hydrazine (0.25 g, 0.25mL, 8.0 mmol) was added dropwise. After
5 min the reaction was complete (TLC analysis). Purification by flash chromatography
(40 to 50% EtOAc/hexanes as eluent) afforded 1.48 g (96% ) of the carbazate as an oil:

vy \ LY. Y. Y 2 1

IH NMR (200 MHz, CDCl3) 6 1.60, 1.68, 1.71 (3s, 3H each, CH3), 2.07 (m, 4H, allylic CH»),

3.75 (d, 2H, J = 4.2 Hz, NH, exch with D;0), 4.63 (d, J = 7.0 Hz, 2H, CI,0), 5.08 (m, 111
C=CH), 5.34 (t, J= 7.1 Hz, 1H, C=CH), 6.04 (s, 1H, NH, exch with D»0); 13C NMR (100
MHz, CDCl3) 8 16.1, 17.3, 25.3, 25.9, 39.2, 62.0, 118.1, 123.4, 131.4, 142.0, 158.8; IR (neat)
vmax 1713 (C=0) cm-!. Anal. Caled for C11HoN202: C, 62.23; H, 9.50; N, 13.20. Found:

(E)-3,7-Dimethyl-2,6-octadienyl Azidoformate(26a). The following procedure is based
on that reported by Carpino.35 A solution of the preceding carbazate (1.44 g, 6.78 mmol) and
acetic acid (0.77 mL, 13.55 mmol) in HyO (1mL) was stirred and cooled at 0 °C as NaNO,
(0.51g, 7.45 mmol) was added. The solution turned yellow and sodium acetate precipitated.
After 5 min, HyO (1 mL) and ether (3 mL) were added, and the aqueous layer was extracted
with ether (3 x 4 mL). The combined organic layers were dried (MgSO4) and concentrated.
Purification by flash chromatography (35%EtOAc/hexanes as eluent) afforded 1.06 g (70% ) of
21 as a colorless oil: 1TH NMR (200 MHz, CDCl3) & 1.60, 1.68, 1.72 (3s, 3H each, CH3), 2.07

I.»n aH allviic CH»). 4.72 «d I-——’7/1 H-> 27H (“‘LL(‘\\ 1H C=CH). 539 (f

W , auynll wiiz ), =.74 (G, r4a 1l Lxa, AN .197 (m, 111, ULy, 2.57 44, u,; 1.2,
7.2 Hz, 1H, C=CH); 13C NMR (100 MHz, CDCI3) & 16.4, 17.5, 25.5, 26.0, 39.4, 65.1, 116.8,
123.4, 131.8, 144.2, 157.3; IR (neat) vmax 1730 (C=0), 2133 (N3) cm'l. Anal. Calcd for
Ci 1H17N302 C, 59 17, H, 768 N, 18.82. Found: C, 59.23; H, 7.70; N, 18.77.

trans-6-Methyl-6-(4-methyl-3-pentenyl)-3-oxo-1-azabicyclo[3.1.0]-hexan-2-one (27a).
Method A. By irradiation of 26a. The following procedure is based on that reported by
Lwowski.36 A solution of 26a (112 mg, 0.50 mmol) in 100 mL of cyclohexane at rt under Ny
was stirred and irradiated at 2537 A in a quartz flask in aRayonet photochemical reactor. After

30 min (TLC analy51s), the solution was concentrated by rotary evaporation. Purification by

flash chromatography (35% EtOAc/hexanes as eluent) afforded 17 mg (19%) of 27a as a pale
yellow oil and 73 mg (52 %) of 28 as a colorless oil. Data for 27a: 1H NMR (200 MHz

CDCl3) 6 1.39, 1.62, 1.68 (3s, 3H each, CH3), 2.1 (m, 4H, CHp), 3.05 (dd,J = 2.6, 6.0 Hz, 1H,
NCH). 451 (dd. J = 6.0. 10.1 Hz. 1H 5O).4.40 (dd, J = 2.2. 10.0 Hz, 1H, CH-0). 5.07
11 TTaal 1 \uu, (¥4 UIV, PSRV § LLL" LLI, ‘ A\J , \vu, (%4 ﬁ.‘-, A Ve .LLI_A, lL.l’ A ‘L\/’ ~ e\ d



(m, 1H, C=CH). 13C NMR (100 MHz, CDCl3) § 12.1, 17.7, 23.7, 25.6, 38.60, 48.9, 51.0, 64.5,
122.7, 132.7, 165.6; IR (neat) viax 1773 (C=0). Low-resolution EI-MS, m/z: 195 (M*). Data
for 28: 1H NMR_SZQO MHz, CDCl3) 8 1.25 (10H, m, 5 CH>3), 1.60, 1.68, 1.70 (3s, 3H each,

CH3), 1.91 (m, 1H, CHNH), 2.06 (m, 4H, allylic CH>), 3.50 (s, |H, NH, exchanges with D20),
4.57 (d, J= 7.6 Hz, 2H, CH>0), 5.09 (m, i1H, C=CH), 5.34 (t, J = 8.4 Hz, 1H, C=Ci).
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(10 mL) was added The aqueous layer was e xtrac,ted w1th EtOAc ( 3 X 10 mL) and the
combined organic layers were dried (MgSO4) and concentrated by rotary evaporation to a
yellow oil. A solution of this crude material in dry NEt3 (10 mL) was stirred and heated at reflux
for 1 h under Nj. The brown solution was cooled slowly and partitioned between H,O (10mL)
and EtOAc (20 mL). The aqueous layer was washed with EtOAc (3 x 10 mL). The combined
organic layers were dried (MgSO4) and concentrated. Purification by flash chromatography
(50% EtOAc/hexanes as eluent) afforded 45 mg (80% from 10 ) of 27a, the spectra of which
were identical to those of the product obtained from method A.

PRy N 4 AQ MNMimantherl 27 mnmadisme N K smanthal 2 Aavn 1 arahingalal? 1 Mhawas
HGrE>™UT( L/ J7'9,0O" L7111k ‘n]l--’gl-llu‘lu“lclly 1j=u-iiciil I-J-UAU‘J-“L“UILJ\I [P+i.V]HICAAII™
Vol VTh) varalidinane 27Th wae nrenared hyv hath irradiation nf azidafarmate 260 (S16
4 u..‘l\- L "}l NS OCRLATEINAI L INILIN, 4 F AX Y L&D y‘ U}lul Rl UJ [PAVAV NSNS R RILVERCAT VISR WY CALIENANTANTE 1 11CALN, AwNTRF \J 1L\
mg, 1.77 mmol) in CH,Cl; (200 mL) and by reaction of 2,3-epimino farnesol 23 (60 mg, 0 25

mmol) with PhOCOCl followed by cyclization in NEt; as described above for 26a.
Purifications by flash chromatography (40% EtOAc/hexanes as eluent) afforded 72 mg (19%) of
27b from 26b and 45 mg (80%) ) of 27b from 23 as a yellow oil : 'H NMR (400 MHz, CDCl3) 8
1.36, 1.57, 1.58, 1.65 (4s, 3H each, CH3), 1.57 (m, 2H, CH>) 2.06 (m, 6H, allylic CH,), 3.04
(dd, J=6.0,2.4 Hz, IH, NCH ), 4.25 (dd,J=9.8, 2.4 Hz, |H, CH,0),4.48 (dd,J=9.8, 6.4 Hz,
1H, CHZO) 5.05 (m 2H, C“CH) 13C NMR (100 MHZ CDCI3) 8 12.0,15.9, 17.6, 23.5, 2% 6,
cm- Mb(+ )FAU m/z zb4 2; HRMb calca for L 16H25NU2 zo4 1967, found 594.1963.
Azidoformate 26b (0.618 g, 60%) was prepared in three steps by conversion of farnesol
(3.55 g, 15.95 mmol) to the phenyl carbonate and carbazate derivatives followed by nitrosation
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