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Two short syntheses of 7,7-dimethylnorbornadiene starting from .1,4-dirnethylcyclopent-2-enone are dewribed. 
The latter in its dienol form reacts with maleic anhydride to give the [4 + '21 adduct. Successive hydrolysis and o x i -  
dative decarboxylation gives 7,7-dimethylnorborn-2-en-5-one. The corresponding tosylhydrazone on treatment 
with lithium diisopropylarnide gives 7,7-dimethylnorbornadiene. Alternatively, the cyclopentenone is reduced to 
the allylic alcohol, and then dehydrated to 5,5-dimethylcyclopentadiene. The (4  + 21 adduct of the latter and ( 1 -  

chloroacrylonitrile, on hydrolysis, affords the norbornenone, which is converted as before to  i,;-dirneth!.Inorborna- 
diene 

Norbornene and norbornadiene are standard molecules 
commonly exploited for the study of reaction mechanisms.' 
Derivatives geminally substituted a t  C-7 would be useful 
models on account of the hindrance introduced on the exo face 
of the molecule, thereby permitting a distinction between 
mechanisms having different steric requirements.* Unfqrtu- 
nately, such derivatives are more difficult to  prepare than the 
parent structures. We describe here a short synthesis of the 
hitherto unknown 7,7-dimethylnorbornadiene (1). 

0 

1 2 3 
T h e  obvious approach to 1 is to  construct the bicy- 

clo(2.2.1lheptadiene skeleton by a [4 + 21 cycloaddition of 
5,5-dimethylcyclopentadiene (2) and a ketene equivalent4 in 
a sequence of reactions similar to  those used for preparing the 
spirocyclic norbornadiene 3." As the diene partnef, 2 is suit- 
able since it is stable to 200 oC.6 Moreover, it undergoes the 
Diels-Alder reaction with maleic anhydride.' 

T h e  original preparation of 2 entails difficulties,5 9 but the 
Ruhlmann modificationlo allows the conversion of 3,3-di- 
methylglutaric acid into 4,4-dimethyl-2-hydroxycyclopen- 
tan-1 -one (4)  in improved yields.' i , l r  Unfortunately, acid- 
catalyzed dehydration of 4 to  the corresponding cyclopen- 
tenone ( 5 )  is normally accompanied by some rearrangement 

I I no' 
6 4 

J 
Aco+o 0 - o+co2" - O& 

7 0  8 "2' 9 

to  2,3-~yclopent-2-enone.~ Nonetheless, this difficulty can be 
circumvented by using basic conditions. Accordingly, the 
acyloin 4 was first converted to  its chloro derivative 6 by 
making the tosylate derivative and then treating it with lith- 
ium chloride in acetone. T h e  resulting a-chloro ketone 6 on 
dehydrochlorination with lithium carbonate and lithium 
bromide in dimethylformamide furnished 5. This modification 
avoids chromatography and  gave a n  overall yield of 32% of 5 
starting from 3,3-dimethylglutaric acid.' 

Having 4,4-dimethyl-2-cyclopentenone ( 5 )  readily available 
as  our starting point, we describe two synthetic routes to  

7,7-dimethylnorbornenone (91, which subsequently affords 
7,7-dimethylnorbornadiene in good yields. 

Firstly, we had good reason to  believe that  the dienol de- 
rived from 5 would undergo the crucial [4 + 21 cycloaddition, 
as  it dimerizes easily.8 In fact, reaction of 5 with maleic an-  
hydride in isopropenyl acetate containing p -toluenesulfonic 
acid's gave high yields (85-95%) of the endo-anhydride 7. 
Hydrolysis gave the keto diacid 8 (76% yield). Oxidative de- 
carboxylation with lead tetraacetate in pyridine gave 7,7-  
dimethylnbrbornenone (9) as a colorless waxy solid in yields 
of 18-22%. The  poor yields are difficult to explain, but seem 
to be characteristic of the sterically encumbered molecule,l'; 
as structurally simpler acids give better yields. 

T h e  second route begins with the selective reduction of 
cyclopentenone ( 5 )  to the allylic alcohol I O ,  which was ac- 
complished conveniently in high yield (90--9:3%) with sodium 

5 IO 2 

13 1 12 9 

borohydride and cerium chloride in methanol.17 Direct de- 
hydration of 10 was effected in excellent yield (9O0/o) under 
mild conditions by using methyltriphenoxyphosphonium 
iodide in hexamethylphosphoric triamideIn to  give di- 
methylcyclopentadiene (2) in high purity. Finally, (1-chlo- 
roacrylonitrile was used as  the ketene equivalent on account 
of its easy addition to hindered dienes.19 The resulting adduct 
11 was hydrolyzed without purification to give 7.7-dimeth- 
ylnorbornenone (9) in 65% yield after distillation. 

On comparing these two routes to 9, we see that the second 
is the simpler as the alcohol 10 and the diene 2 are obtained 
directly in high purity. Furthermore, the yield (53%) is some 
four times better than tha t  of the first route. Moreover, the 
three steps can be performed on a larger scale and a t  lower 
cost. 

Lastly, 7,7-dimethylnorbornenone (9) was converted to the 
N-tosylhydrazone (12) in 84% yield by refluxing with N-tos- 
ylhydrazine in ethanol for 10 h.'" The  final step. treatment 
of 12 with lithium diisopropylamide in tetrahydrof~iran.".'~ 
gave 7,7-dimethylndrbornadiene ( 1) in 43% yield accompanied 
by 7,7-dimethylnorbornene (13) in a r a t i o  ot'7:;l. Separation 
was effected by gas-liquid chromatography. giving I as ii waxy 
solid (27%).  
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Experimental Section 

General. All melting points and boiling points are uncorrected. The 
infrared spectra ( IR)  were recorded on a Perkin-Elmer 257 spectro- 
photometer. 'H NMR spectra were obtained in the specified solvent 
on Varian T60-A and XI2-100 instruments. Chemical shifts are re- 
ported in 6 unit:; downlield from tetramethylsilane. Coupling con- 
s tants  ( J )  are expressed in hertz: signal multiplicity: s = singlet. d = 
doublet, t = triplet, m := multiplet higher than first order. The I T '  
NMR spectra lvere det,:rmined on a Varian SL-100 spectrometer. 
Mass spectra were ohta.ned on a Yarian SM-1 instrument; the most 
abundant fragments are reported with relative intensities as  a per- 
centage of the b,ise peak intensity. \Ve are grateful to A. Buchs and 
F. KlOti for the careful execution of these measurements. Micro- 
analyses were ptbrformed by E. Eder iGenevai. Gas-liquid chroma- 
tography (GLCI  analyses were carried out  on a Carlo Erba (flame 
ionization detector) and separations on a Perkin-Elmer F21 (thermal 
conductivity detector) instrument. using the columns designated in 
the Experiment.il Section. 

XI1 solvents f t ~ r  anh?iI rous reactions were distilled as follows: tet- 
rahydrofuran i'!"F I \va\ freshly distilled from potassium henzo- 
phenone. dieth,il e thcr  from sodium benzophenone. and hexa- 
methylphosphoi.ic t r innide (HMI'A) and diisopropylamine from 
calcium hydride. 

2-Chloro-4,4-dimethyIcyclopentanone (S).',j Tosyl chloride (53.4 
g. 0.28 mol) was added t i )  a chilled solution (-5 to  -10 'Ci o f 4 , 4 -  
dimethyl-2-hydroxycycl!i~)entanone ( ? ; I 2  17.94 g ,  0.14 mol) in dry 
pyridine (200 mi,) and I hen stirred a t  0 "C for 84 h. The mixture was 
poured onto ice (900 g) .  diluted with water (800 mL).  and extracted 
with ether !5 X :W mLI. The  ether solution was successively washed 

1 N HCI i200 mL),  water (200 mL), and 
IOt I  mI,) and finally dried over NaZS04. The 

solution was evaporated. To ensure complete chlorination. acetone 
1:100 nil,) and l,i('l I 111 g. 0.24 inol) were added to the resultant oil anti 
the mixture was heatecl  under  reflLir for 10 h. The solution was 
evaporated. diluted Ivitl-i hexane. filtered through Celite, and reeva- 
p r a t e d .  'I'he yellow oil tin distillation, b p  83-85 "C at  12 torr, gave 
ti (10.7 g. 73 mn.il. , i2% vieid): NhIR (CDCI:j, 100 MHzJ 6 1.12 is, 3 H I .  
1 . 2 : ? 1 ~ , : l H l ,  1.7 ~ , - 1 1 ~ . 4 H ) . ~ . : ~ ( d d . , / = 8 H z , l  H ) ; I R i n e a t )  1760 
s c n 1 - - ~ : % 1 $ n i i ~ ~  tlr:- l . ] h O 1 , 8 m d 2 5 l .  1X--l:3ll3aiid 101.83!1001. 
69 (4:j), .56 (.57). 

.i,&DimethyIcgclopent-2-enone (3) .  Chloro ketone ti (25.2 g. (i.17 
moli. LiHr 154.0 g. 0.62 d1. anhydroiis 1,izCO.j i:18.2 g, 0.52 mol,. anti 
I)SlF (400 ml,l w r t :  stirred anti heated to  140 " C  for 2 h. The mixture 
!vas t h e n  shake i kvith water 11.3 1,) and extracted with hexane ( 3  X 
:(00 m L ) .  The hexane wlution was washed with water ( 2  X 150 mI.) 
and dried o \ e r  :<a?SO,. The combined aqueous phases were diluted 
with water (4iiO ~ L I ,  extracted \vith CHCl,; (3  X 1,W mL1. washed with 
mater i l !  X 100 mL1, and dried iNa:SO,). T h e  presence of DMF wah 
monitored h y  (;I,( '  (FFi 
orated and the residue u 
ivithwaLeri2 X i i l i n i f , ~  
the resulting oil \viis (l ih . . i  

"(' at 1.5 torr) ,  I(I give :$ 

h011Hz)61.21 > , r iHI  : 
,/ = 5,; tfz I Hi: I l i  i t : ca t )  1720. I598 cm-l. 

7,7-Dimethylnorbornan-.i-one-2,:l-dicarboxylic Acid (8). 'The 
cyclopentenone 15: lii.:i!i g, 149 tnniol). resul)limed maleic anhydride 
I ih., g, 189 minol!, ~ i - rc~l~i rnr r r i i lo i i i~  acid (230  mg,. and isopropenyl 
dcetate i 2 0 l l  m1.i \vert' >tirred at 95 " C  l o r  210 h. 'I'he solution was 
evaporated in vacu( i ,  arid thr  resulting oil was dissolved in ethyl acc- 
t a t z  (400 m1.I and  f 'ilterd over ral alumina 1100 g). Evaporating 
anti dr?-iriy i n  i ~ i i  gave the C'r lline anhydride adduct 7 !:i5.5 g. 

HJ, 5.7 !m, I H ) ;  IK (Nujoll 
2% m. 1200 b, 1100 s. 930 i, 

j .  100 MHzJ 6 1.G Is, :i Hi. 1.2 ( 3 ,  

8110 in. 70,i m ctii- 

F o r  hydroly?i.. 7 (40.4: y ,  I62 mmol) and water (:350 mLl were 
heated a t  90 'C for ii h tiiid cooled and acetone was added 1250 mLi .  
Evaporation in v,icuo hi gave a product which on trituration with 
etheriac,ettrne and re tallization t'rom a 6:l mixture of acetone/ 
hexane gavr 8 as r o l o r  crystals: 27.7 g, 122 mtnol; mp 168-171 'C; 
NMK (acetone ( I , , .  I O ( '  V H I I  6 1.8 /s .  6 HI, 2.0--2.6 i m .  4 H). :I,> (s .  2 

1 :l-K\(i t i .  :!I40 I), l76O I). 1700s, 1315 in, 1:il)h 
in. 121i(i m, 1195 m, 1070 m, 1015 m. 970 m. 
in cm-I: MS mlc 226 (24), 208 (691, 180 ( 2 0 ) .  
( I ) ,  107 ('29). 94 (100), 9:% (Xj), 79 (35). 

I n a l  Calc t i  for  ( ' , i 1 . + l  LO.,: C, 58.40; H. fi.24. Found: C, 58.49; H. 
6,45, 

7,7-Dimethylnorborn-Z-en-5-one (9) .  The acid 8 (dry, 21.24 g, 
94 mmol) and dry lead tetraacetate (66.5 g, 150 mmol) were added to 
oxygenated pyridine (200 mL, freshly distilled from BaO) a t  room 
temperature. T h e  stirred mixture was placed in a n  oil bath a t  67 f 
2 "C. After 5 min carbon dioxide evolved briskly, and 5 min later the 
flask was cooled and its contents were poured into stirred nitric acid 
13 N, 1 Lj. The  solution was extracted with ether (4 X 150 mL). The  
ether solution was washed with aqueous NaHC03 ( 2  X 100 mL)  and 
NaCl(2  x 100 m L i  and then dried over Na2S04. Ether was removed 
at  1 a tm pressure, and the residue was dissolved in hexane (200 mL) 
and washed with hydrochloric acid ( 2  N, 30 mL)  and water ( 2  X 40 
mL).  T h e  solution was dried (Na2SO4) and evaporated a t  normal 
pressure. Brief drying in vacuo (water pump pressure) gave 9 as  a pale 
yellow oil (2.8 g. 21 mmol, 22% yield). Purification was effected by 
vacuum distillation to afford 9 as  a waxy solid, m p  73--77 "C.  I ts  
spectral data  were identical with those of the sample obtained by 
cycloaddition (vide infra). 
4,4-Dimethyl-l-hydroxy-2-cycloyententene ( 10). Cyclopentenone 

5 (2 g, 18.18 mmolI was dissolved in 45.5 mL of a 0.4 M CeC13 solution 
in methanol. Sodium borohydride (0.7 g, 18 mmol) was added slowly 
with stirring. The  mixture was allowed to s tand for 5 min, followed 
by hydrolysis and extraction wit,h ether. T h e  ethereal phase was 
washed with brine, dried over MgSO4, and concentrated (10 OC/l00 
to r r )  to give alcohol 10 (1.89 g, 93W, pure according to  GLC (FFAP 
15%/Chromosorb W, :I rn X 3 mm, 80 "C) and spectroscopic analysis: 
NMR (CCI4, 100 MHZJ I? 1.03 (s, 3 H). 1.13 (s, 3 HI, 1.50 and 2.0 (ABX 
centered at 6 1.74, ./.\H = 14 Hz, J A X  = 5 Hz. J B ~ ;  = 7 Hz, 2 H),  3.59 
is ,  1 H.  OH), 4.79 (m,  1 H) ,  5.63 (m, 2 H) ;  IR (neat)  3320 s, 3040 m, 
1622 w. 1050 s. 780 m cm-I: IZIS mle 112 (M.  20). 97 (loo),  69 (28), 57 
(21) .  55 (:w. 43 !M), 41 (59i 

Anal. Calcd for ('-HIJO: H ,  10.78. Found: C .  75.32; H, 
10.93. 

5,5-Dimethylcyclopentadicne (2). 4,4-DirneLhyi-2-cSclopentenol 
(10 )  i5.6 g. O.(J5 mol) was added dropwise to a mixture of methyltri- 
phenoxyphosphcitiium iodide (41.5 g. 0.09 moli in freshly dried hex- 
amethylphosphoric. triamide (100 mL). The resulting mixture rapidly 
darkcned o n  warming at 50 "C and stirring during 2 h. T h e  mixture 
was then distilled overnight under water pump ;iressure (I5 torr) from 
a hat h at 50 " C  The product was trapped in ;i -78 " C  bath to  give 
pure ,i.S-dimeth?;lcvclopentadiene (2; 4.23 g 3  90"o): NMR (CC14, 60 
MHz)  6 1.15 IS. 6 HI, 6.16 Is. 4 HI: M S  m!cJ 94 1R.I. 93 116), 91 (15), 
79 !lOOl. 77 1461: IK ICCi4J :3120 m. 3100 in. :jl%l) m.  16% m, 1476 s, 
1460 rn. 1400 m. l:i77 7 .  1:i70 7 .  1320 {v. 678 w cm- ' .  

Anal. Calcd f o r  C:HI,,: C .  89.29: H. 10.71. Found: C. 89.13; H, 
l(l.90. 
7,7-Dimethylnorborn-5-en-2-one (9 ) .  ( a )  2-Chloro-2-cyano- 

7,7-dimcthylnorborn-.5-ene ( l l ) ?  A solution of' 5,s-dimethylcy- 
clopentadiene 12; 9.1 7 g. 97 mmol)  and freshlv distilled tu-chloroac- 
rylonitrile I 17.25 g. 2000 nimol) in toluene (100 mI,) was warmed during 
:i days at 100 " C  iinder nitrogen. After cooling. the solvent was distilled 
ot'f (:IO "C/lO tor rJ ,  leaving crude adduct !U.84 g) which was used 
without purification for the next step. A pure sample (as  judged by 
analytical gas-liquid chromatography arid its qpectral analysis) was 
obtained 1,) \-aciirrm distillation i n  a hiiht)le t u h e  I 130 " C i 9  torr): 

1 H I .  2.59 1 m. 1 H I ,  : l . ( iO itid. ,J = 11 anti 4 HI. 1 H i .  6.26 ( m .  2 H ) ,  :X00 
~mnsketl ni. 1 H i ;  IR (neat1 :ililOw, 225l l \v ,  l l t & j m ~  14XOm.  14(10m. 
1 :i80 in. i ,i:1(I in. 12%) In. 1 1 

(b\  7,7-Dimethylnorborn-5-en-2-one ( 9 ) .  A \\arm solution of' 
pcitassiuni hydroxide I 1 1  g. (1.21 mol. 85"o) in water i4,,3 mL)  was added 
t o  a solution (it' 11 (l,{.S-! g. '76 mmol)  in  dimethyl sulfoxide 170 m L J  
in a 500.m1, llask. l ' h r  reaction tnixture \vas stirred for  36 h a n d  then 
steam distilled. The  diqtillate was extracted three times with ether, 
and the ethereal phase was dried ovcr MgSO, and evaporated (100 
torr). Distillation of the resulting oil gave pure norhornenone 9 as  a 
colorless waxy solid: mp 7:3-77 "C 18.57 g. 6:110 from 2) ;  hp 100 "Cl47  
t i i r r ;X?vlRlCD( ' l~.  1 0 0 M H z ) h  I . I ( I ~ s . : ~ H ) .  l . l ~ i l ~ . ; 1 H ) .  1 .8 (d . J  = 
18 Hzi. 2.2 idd:/ = 18and 3 Hz, 1 H ) .  2.6 im. 2 HI. 6.28 !m. 1 Hi, &51 
(dd,  1 H. J = .5.5 and :i Hz);  IF? (CCIiI : W O  m. 2880 m, 1750 s, 1640 w. 
l48:i m. 1:i8n m, 1:i:X m. 1:100 m cn1-I: ?,.IS ~ ( 1  l:E iM. 15), 93 1801, 
78  (1001. 

Anal. Calcd for C,jH120: C .  79.27; H ,  X.8>;. Found: C. 79.32; H ,  
9.00. 
7,7-Dimethylnorborn-5-en-2-one N-Tosylhgdraxone (12) .  

7,7-I)imethylnorbornrnone (9: 1.6 g. 11.76 mmoli. .V-tosylhydrazine 
t2,<51 g, 13.48 mmol). and ahsolute ethanol (2 .8  mLi were stirred and 
heated under reflux and nitrogen overnight. The  hydrazone 12 crys- 
tallized out i2.99 g. 933 mmol. 8:1.9'.0 yieid): mp 154- 157 "C dec; NMR 

2.25 (rid, 1 H , J  = 15and 4 Hz). 2.4 is .  :i Hi. 2.4:) (masked. 1 HI,  2.8 

NhlIi ICrla. I O O X I H z ) ~ ~  1.1-I1~. :3HI.  1 . : ? 1 ~ .  iHI . l , 801d . . J=  14Hz.  

ni.  7:18 s. 7 2 8  > m - l ,  

(C'IX'l:a, 100 MHz) i, 0.75 Is, :3 H) ,  (7.96 is .  :?HI. 1.7:3 id. I H. t/ = 15 Hz), 
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(m, 1 H ) ,  5.8 (dd, 1 H, J = 5 and 3 Hz), 6.16 (dd, 1 H, J = 5 and  3 Hz), 
7.23 (d, 2 H, J = 9 Hz),  7.76 (d, 2 H, J = 9 Hz), 7.7 (masked, 1 H); MS 
m/e 305 (8), 30:: (20), 151 ( loo) ,  149 (loo), 107 (52), 105 (30), 91 (401, 
79 (42). 

Aoal. Calcd for CI&iXONrOzS: C, 63.13; H, 6.62; N, 9.20; S, 10.53. 
Found: C, 63.28; H? 6.68: N,  9.16; S, 10.60. 
7,7-Dimethylnorbornadiene ( 1 ) .  A solut ion of tosylhydrazone 

12 (1.2 g, 3.94 mmol )  i n  10 mL o f  dry THF was added slowly a t  -78 
"C over a per iod o f  10 min t o  a st irred solut ion o f  lithium diisopro- 
pylamide (prepared from diisopropylamine (1.62 g, 16 mmol)  and 5.4 
mI, o f  a I .85 M solution of n-BuLi in hexane) in 15 mL of d r y  THF. 
S t i r r i ng  was maintained for 10 min a t  -78 "C, and the temperature 
was al lowed t o  rise t o  room temperature overnight. T h e  brown m i x -  
tu re  was d i lu ted w i t h  150 mL o f  pentane and washed w i t h  brine (4 X 
,50 mL),  then w i t h  a 1 M solution of NaHZP04 (2 X 30 mL) ,  and f inal ly 
w i t h  brine again ( 2  X 30 m L ) .  D ry ing  over N a ~ S 0 4  fol lowed by dis- 
t i l lat ion of most of the solvent (10-70 "C) gave a concentrated solution 
which was shown by GLC (10% SE 30iChromosorb W, 56 "C, NZ 1.4 
kg/cm2, 3 ni X 3 mm, Carlo E rba  chromatograph) t o  be a clean mixture 
of ;,:-dimeth!.l,lorborriadiene (1) (7006, retention t ime 5.7 min) and 
:,i-dimethylnorhornerie (13) (30Oh. re tent ion t ime  6.7 min). Purifi- 
cation and isolat ion was achieved by preparative GLC (15% SE 30/ 
Chromosorb W. 124 "C. Ns 100 mL/min, 3 m X 8 mm, Perk in-Elmer 
990 chromatograph) t o  give 1 as a colorless waxy sol id (127 mg, 2796) 
and  13 (40 nig, 6%!:'c T h e  y ie ld  of 1 before GLC separation was esti- 
ma ted  t o  be 43%) b y  GLC calibration. Samples no t  stored in ampules 
volat i l ized rap id l y  even a t  0 "C. 
7,7-Dimethylnorbornadiene ( I ) :  'H NMR (CDC13,lOO M H Z ) ~ ~  

h 1.12 (s. 6 H),  3.05 (m.  2 H), 6.58 it, J = 2 Hz, 4 H ) ;  13C NMR 
tCDC1:OL4 (6 f r om Me4Si! 24.26 (s. C-8,9), 59.99 (s, C-1,4), 84.83 (s, 
C-TI, 142.44 (P. C-2,8,5,6); mass spectrum, m/e 120 (lo),  105 (100). 
Exact mass: calcd 120.09389; found 120.09270. 
7,7-Dimethyln0rbornene::'~ 'H NMR (CDC13j 5 0.90 (s, 3 Hj, 0.95 

(s. :i H), 1.5--2.2 i m ,  4 M). 2.25 (m, 2 H!. 5.95 it, J = 2 Hz, 2 H). 

R e g i s t r y  No.--l, 68757-94-8; 2, 4125-18-2: 4. 54639-78-0; 5 ,  
22748-16-9; 6.667.57-95 .Y; 7.68757-96-0; 8,68757-97-1 ; 9,68757-98-2; 
10,68757-99-3: 11,68738-00-9; 12,68758-01-0; 13,6541-60-2; maleic 
anhydride, 108-,31-6; (I -chloroacrvlonitrile, 920-37-6. 
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T ! i e  structures of some substances having a novel azatetracycline r i ng  system were determined. T h e  azaietracy 
cline r ing s>stem was produced by a rearrangement of the tetracycline r i ng  system. 

During a study of the transformations of some substances 
of the tetracycline group, we have found a n  unusual reaction 
which, via a molecular rearrangement, leads to  a novel aza- 
tetracycline ring system.' Thus, when 1 la-chloro-5-hydrox- 
ytetracycline 6,12-herniketal !2a).2 which is a derivative of 

5-oxytetracycline (Ib), was suspended in its amphoteric form 
in pyridine and warmed gently, it was observed that shortly 
after dissolution a crystalline yellow substance precipitated. 
We call this substance cyclazoxytetracycline (COT). Deter- 
mination of its structure as 7 is detailed herein. 

Although other ring systems are derived from the tetracy- 
cline one, in order to  facilitate the understanding of the 
transformations we will in general identify throughout the 
article the different functional groups or rings bv the usual 
nomenclature in this field, Le., by the number or letter of the 
position occupied on the original tetracycline ring system 
(1). 

la X= H 
lb XP OH 

T h e  analysis of cyclazoxytetracycline indicated that its 
elemental composition was the same as that  of the starting 
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